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You expect your preoperative patient to be somewhat anxious 
and apprehensive about the scheduled surgery. But in some cases, 
psychic tension reaches undesirable levels 
as the time for the procedure approaches. 

In such situations, 10 mg Injectable 
Valium” (diazepam), administered I.M. an 
hour or two before the operation, can lessen 
the undue anxiety and tension associated 
with strange surroundings and disturbing 
procedures. The calming effect 1s generally 
prompt and pronounced. What’s more, 











Valium (diazepam) can markedly reduce the 
patient’s recall of preoperative procedures. 
Injectable Valium seldom significantly 
alters vital signs. Nevertheless, there have been 
infrequent reports of hypotension and rare 
reports of apnea and cardiac arrest, usually 
following I.V. administration, especially in 
elderly or very ill patients». 
and those with limited 
pulmonary reserve. 
Resuscitative facilities _ 
should be available. / 









When given in conjunction with narcotics, wy 

\ction of narcotic dosage should be considered. A A 
(See prescribing informatio ~ 

Do not mix or dilute Injectable Valium 

with other drugs, solutions or fluids. 

The 10-mg disposable syringe is especially 

useful in this respect, since it provides 

a convenient method of using Valium and 

at the same time helps assure 


aseptic handling. 
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| ectable Valium diazepam) 
can ease the way 


g j Before prescribing, please consult complete product information, 
a summary of which appears on the following page. 
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4 -Prior to surgery, to relieve excessive anxiety; additionally, 


me 


may diminish recall 


Injectable Valium diazepam 


ready-to-use 2-ml Tel-E-Ject disposable syringes) 


Before prescribing, please consult 
complete product information, a sum- 
mary of which follows: 

Indications: Tension and anxiety 
states; somatic complaints which are con- 
comitants of emotional factors; psycho- 
neurotic states manifested by tension, 
anxiety, apprehension, fatigue, depressive 
symptoms or agitation; symptomatic re- 
lief of acute agitation, tremor, delirium 


-_ tremens and hallucinosis due to acute al- 


cohol withdrawal; adjunctively in: relief 
of skeletal muscle spasm due to reflex 
spasm to local pathology; spasticity caused 
by upper motor neuron disorders; athe- 
tosis; stif/man syndrome; tetanus; status 
epilepticus and severe recurrent seizures; 
adjunctively in anxiety, tension or acute 
stress reactions prior to endoscopic and 
surgical procedures; cardioversion. 
Contraindicated: In infants; in pa- 


_ tients with known hypersensitivity to the 


drug; in acute narrow angle glaucoma; 
may be used in patients with open angle 
glaucoma receiving appropriate therapy. 

Warnings: Inject I.V. slowly, directly 
into vein; take at least one minute for each 
5 mg(1I ml) given. Do not mix or dilute with 
other solutions or drugs. Do not add to 
I.V. fluids. Administer with extreme care 
to elderly or very ill and those with limited 
pulmonary reserve because of possibility 
of apnea and/or cardiac arrest; have re- 
suscitative facilities available. When used 
with narcotic analgesic eliminate or re- 
duce narcotic dosage at least 43, admin- 
ister in small increments. Should not be 
administered to patients in shock, coma, 
acute alcoholic intoxication with depres- 
sion of vital signs. As with most CNS- 
acting drugs, caution against hazardous 
occupations requiring complete mental 
alertness (e.g., operating machinery, 
driving). Advise against simultaneous in- 
gestion of alcohol and other CNS depres- 
sants. Withdrawal symptoms (similar to 
those with barbiturates and alcohol) have 
occurred following abrupt discontinuance 
(convulsions, tremor, abdominal and 
muscle cramps, vomiting and sweating). 
Keep addiction-prone individuals under 
careful surveillance because of their pre- 
disposition to habituation and depend- 
ence. In pregnancy, nursing women or 
women of childbearing potential, weigh 
expected benefit against possible hazard 
to mother and child. Not recommended 
for OB use. 


10-ml vials 


5 mg/ml 


2-ml ampuls 


Precautions: If combined with other 
psychotropics or anticonvulsants, care- 
fully consider individual pharmacologic 
effects—particularly with known com- 
pounds which may potentiate action of 
Valium (diazepam), i.e., phenothiazines, 
narcotics, barbiturates, MAO inhibitors 
and other antidepressants. Protective 
measures indicated in highly anxious pa- 
tients with accompanying depression who 
may have suicidal tendencies. Observe 
usual precautions in impaired hepatic 
function; avoid accumulation in patients 
with compromised kidney function. 
Laryngospasm and increased cough reflex 
are possible during peroral endoscopic 
procedures; use topical anesthetic and 
have necessary countermeasures available. 
Hypotension or muscular weakness pos- 
sible, particularly when used with nar- 
cotics, barbiturates or alcohol. Use lower 
doses (2 to 5 mg) for elderly and debili- 
tated; safety and efficacy in children 
under 12 not established. 


Adverse Reactions: Drowsiness, fa- 
tigue, ataxia, venous thrombosis and 
phlebitis at injection site, confusion, 
depression, dysarthria, headache, hypo- 
activity, slurred speech, syncope, tremor, 
vertigo, constipation, nausea, incontl- 
nence, changes in libido, urinary reten- 
tion, bradycardia, cardiovascular collapse, 
hypotension, blurred vision, diplopia, 
nystagmus, urticaria, skin rash, hiccups, 
changes in salivation, neutropenia, jaun- 
dice. Paradoxical reactions such as acute 
hyperexcited states, anxiety, hallucina- 
tions, increased muscle spasticity, in- 
somnia, rage, sleep disturbances and 
stimulation have been reported; should 
these occur, use of the drug should be 
discontinued. Cough, depressed respira- 
tion, dyspnea, hyperventilation, laryngo- 
spasm and pain in throat and chest have 
been reported in peroral endoscopic pro- 
cedures. Isolated reports of neutropenia, 
jaundice; periodic blood counts and liver 
function tests advisable during long-term 
therapy. Minor EEG changes, usually 
low-voltage fast activity, of no known 
significance. 

Dosage: Usual initial adult dose is 
2 to 20 mg I.M. or I.V., depending on in- 
dication and severity. Larger doses may 
be required in some conditions (tetanus). 
In acute conditions injection may be re- 

eated within 1 hour, although interval 
of 3 to 4 hours is usually satisfactory. 


Lower doses (usually 2 to 5 mg) with slow 
dosage increase for elderly or debilitated 
patients and when sedative drugs are 
added. (See Warnings and Adverse Re- 
actions.) Give I.V. injections slowly, di- 
rectly into vein; take at least 1 minute 
for each 5 mg (1 ml); avoid small veins. 
I.M. should be by deep injection. Do not 
mix or dilute with other solutions or 
drugs. Do not add to I.V. fluids. Moderate 
psychoneurotic reactions, 2 to 5 mg I.M. 
or I.V. and severe psychoneurotic reac- 
tions, 5 to 10 mg I.M. or I.V., repeat in 3 
to 4 hours if necessary; acute alcoholic 
withdrawal, 10 mg I.M. or I.V. initially 
then 5 to 10 mg in 3 to 4 hours if neces- 
sary; muscle spasm, 5 to 10 mg I.M. or I.V. 
initially, then 5 to 10 mg in 3 to 4 hours 
if necessary (tetanus may require larger 
doses); status epilepticus, severe recur- 
rent convulsive seizures, 5 to 10 mg I.M. 
or I.V. initially, repeat in 2 to 4 hours if 
necessary. In endoscopic procedures, ti- 
trate I.V. dosage to desired sedative re- 
sponse, generally 10 mg or less but up to 
20 mg (if narcotics are omitted) immedi- 
ately prior to procedure; if I.V. cannot be 
used, 5 to 10 mg I.M. approximately 30 
minutes prior to procedure. As preopera- 
tive medication, 10 mg I.M.; in cardio- 
version, 5 to 15 mg I.V., within 5 to 10 
min. prior to procedure. Once acute 
symptomatology has been properly con- 
trolled with injectable form, patient may 
be placed on oral form if further treat- 
ment is required, 
Management of Overdosage: Manifes- 
tations include somnolence, confusion, 
coma and diminished reflexes. Monitor 
respiration, pulse, blood pressure; em- 
ploy general supportive measures, I.V. 
fluids, adequate airway. Use levarterenol 
or metaraminol for hypotension, caffeine 
and sodium benzoate for CNS-depressive 
effects. Dialysis is of limited value. 
Supplied: Ampuls, 2 ml, boxes of 10; 
Vials, 10 ml, boxes of 1; Tel-E-Ject® (dis- 
posable syringes), 2 ml, boxes of 10. Each 
ml contains 5 mg diazepam compounded 
with 40% propylene glycol, 10% ethyl 
alcohol, 5% sodium benzoate and benzoic 
acid as buffers, and 1.5% benzyl alcohol 
as preservative. 


Roche Laboratories 
Division of Hoffmann-La Roche Inc. 
Nutley, New Jersey 07110 
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AT BURROUGHS WELLCOME CO. 


Burroughs Wellcome Co. is part of a unique 
internotional organization. There are no public 
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A unique view of the gallbladder, from the inside looking out, 
by means of a true-to-life plastic model. 


1. Artist's conception of cutaway view of gallbladder contain- 
ing stones which, by causing irritation of the organ’s interior 
wall and restricting biliary Yow, may play a role in the re- 
peated episodes of inflammation and intection associated 
with chronic cholecystitis. 

2. Artist's conception of microscopic section of gallbladder 
wall showing chronic state with superimposition of inflam- 
mation, edema and necrosis due to an acute episode. 











Vibramycin doxycycline) 
penetrates gallbladder tissue to 
reach susceptible pathogens 


Vibramycin can be useful in 
cholecystitis because it provides a wide 
antibacterial spectrum and therapeutic 
tissue concentrations? Vibramycin 

is active against susceptible’ strains 


| Concentrations of oral Vibramycin in gallbladder tissue | of bacteria 
|__ removed from four surgical patients on a dosage of | 











|200 mg. P.O. stat and 100 mg. P.O. once daily until surgery.’ | including Escherichia 











Patient Concentration in Tissue > coli and Entero- 

No. (mcg./Gm.) |, ae = 

1 80" bacter aerogenes 

: pe (formerly Aerobacter 
mites 173 _ | aerogenes). 





1. Because not all strains of pathogens are susceptible, it is recommended 
that routine culture and susceptibility tests be performed. 

2. Fabre, J. et al.: Schweiz. Med. Wochenschr. 97:915, May 17, 1967. 

3. Concentration in the bile taken simultaneously: 24.2 meg./mi. 


VibramycinlV. 


(doxycycline hyclate for injection) 


100-mg. vials containing doxycycline hyclate equivalent 
to 100 mg. doxycycline with 480 mg. ascorbic acid 
200-mg. vials containing doxycycline hyclate equivalent 
to 200 mg. doxycycline with 960 mg. ascorbic acid 


Pfizer, LABORATORIES DIVISION 
PFIZER INC 


See Brief Summary on following page for information on side effects and contraindications. 


' Penetrates tissue to reach 





susceptible pathogens... 
VibramycınIV. A 


(doxycycline hyclate for injection) 


100-mg. vials containing doxycycline hyclate equivalent 
to 100 ma. doxycycline with 480 mg. ascorbic acid 
200-mg. vials containing doxycycline hyclate e juivalent 
to 200 mg. doxycycline with 960 mg. ascorbic acid 


Important facts about 
Vibramycin (doxycycline) 


= can maintain therapeutic blood 
levels with a single daily infusion 


= can be used without complexities 
of dosage alteration in patients with 
impaired renal function 


= does not significantly elevate BUN 
in patients with renal insufficiency 


= virtually the same broad range 
of indications when switching from 
I.V. to oral form 


#Because not all strains of pathogens are susceptible, it is recommended that routine culture 
and susceptibility tests be performed. 


Vibramycin® Hyclate (doxycycline hyclate) and 
Vibramycin" I.V. (doxycycline hyclate for injection) 
BRIEF SUMMARY 


Contraindicated: In persons hypersensitive to any of the tetracyclines. 


Warnings: Use of tetracyclines during the last half of pregnancy, infancy and childhood to 
the age of 8 years may cause permanent discoloration of developing teeth. This is more 
common during long-term use of the tetracyclines but has been observed following repeated 
short-term courses. Enamel hypoplasia has also been reported. Thus, tetracyclines should 
not be used in this age group unless other drugs are not likely to be effective or are 
contraindicated. Individuals receiving tetracycline antibiotics should be advised that direct 
sunlight or ultraviolet light can cause photosensitivity reactions. If these reactions 
(exaggerated sunburn) occur, discontinue therapy. Doxycycline forms a stable calcium 
complex in any bone-forming tissue. Fibula growth has been decreased in prematures given 
oral tetracyclines 25 mg./kg. q. 6 h., but this reaction was reversible when the drug 

was discontinued. 

The antianabolic action of the tetracyclines may cause an increase in BUN. Studies to date 
y indicate that this does not occur to a significant degree with the use of Vibramycin in 
patients with impaired renal function. 

Vibramycin Intravenous has not been studied in pregnant patients. It should not be used 
in pregnant women unless, in the judgment of the physician, it is essential for the welfare of 
the patient. 

Animal studies indicate that tetracyclines cross the placenta, are found in fetal tissues and 
can have toxic effects on the developing fetus. Evidence of embryotoxicity has also been 
noted in animals treated early in pregnancy. 

The use of Vibramycin Intravenous in children under 8 years is not recommended because 
safe conditions for its use have not been established. 

Tetracyclines are present in the milk of lactating women who are taking a drug in this class. 
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Precautions: Overgrowth of nonsusceptible organisms may Occur, including fungi. If such 
superinfections are encountered, discontinue Vibramycin and institute appropriate therapy. 

In venereal disease when coexistent syphilis is suspected, a dark-field examination should 
be done before initiating therapy, Conduct monthly serological tests for at least 4 months. 

Because tetracyclines depress plasma prothrombin activity, patients on anticoagulant 
therapy may require downward adjustment of their anticoagulant dosage. 

In long-term therapy, conduct periodic laboratory evaluation of organ systems, including 
hematopoietic, renal and hepatic. 

Treat all Group A beta-hemolytic streptococcal infections for at least 10 days. 

Avoid giving doxycycline with penicillin because of possible interference with penicillin 
activity. 

Antacids containing aluminum, calcium, or magnesium impair absorption and should not 
be given concomitantly to patients taking oral Vibramycin. 


Adverse Reactions: Anorexia, nausea, vomiting, diarrhea, glossitis, dysphagia, enterocolitis, 
inflammatory lesions (with monilial overgrowth) in the anogenital region, maculopapular 
and erythematous rashes, exfoliative dermatitis, photosensitivity, urticaria, angioneurotic 
edema, anaphylaxis, anaphylactoid purpura, pericarditis, exacerbation of systemic lupus 
erythematosus, hemolytic anemia, thrombocytopenia, neutropenia and eosinophilia have 
been reported. Prolonged administration of tetracyclines may produce brown-black 
microscopic discoloration of thyroid glands. No abnormalities of thyroid function studies 

are known to occur. Bulging fontanels have been reported in young infants on therapeutic 
dosage but disappeared when the drug was discontinued. A dose-related rise in BUN has 
been reported. 


Oral Adult and Children’s Dosages: See the Vibramycin Oral package insert for 
recommended dosage schedules for adults and children. 


Intravenous Dosage and Administration: Note: Rapid administration is to be avoided. 
Parenteral therapy is indicated only when oral therapy is not indicated. Oral therapy should 
be instituted as soon as possible. If intravenous therapy is given over prolonged periods of 
time, thrombophlebitis may result. 

The usual dosage and frequency of administration of Vibramycin 1.V. (100-200 mg./day) 
differs from that of the other tetracyclines (1-2 Gm./day). Exceeding the recommended 
dosage may result in an increased incidence of side effects. 

Studies to date have indicated that Vibramycin, at the usual recommended doses, does not 
lead to excessive accumulation of the antibiotic in patients with renal impairment. 


Intravenous Adult Dosage: The usual dosage of Vibramycin I.V. is 200 mg. on the first day 
of treatment administered in one or two infusions. Subsequent daily dosage is 100 to 
200 mg. depending on the severity of infection, with 200 mg. administered in one-or two 
infusions. 

In the treatment of primary and secondary syphilis, the recommended dosage is 300 mg. 
daily for at least 10 days. 


Intravenous Children’s Dosage: The recommended dosage schedule for children weighing 
100 pounds or less is 2 mg./lb. of body weight on the first day of treatment, administered in 
one or two infusions. Subsequent daily dosage is 1 to 2 mg./Ib. of body weight given as one 
or two infusions, depending on the severity of the infection. For children over 100 pounds 
the usual adult dose should be used. (See “Warning” Section for Usage in Children.) 


General: The duration of infusion may vary with the dose (100 to 200 mg. per day), but is 
usually one to four hours. A recommended minimum infusion time for 100 mg. ofa 

0.5 mg./ml. solution is one hour. Desired concentrations of the final solution should be 

0.2 mg./ml. to 0.5 mg./ml. Concentrations below 0.1 mg./ml. or above 1.0 mg./mi. are not 
recommended. Therapy should be continued for at least 24-48 hours after symptoms and 
fever have subsided. The therapeutic antibacterial serum activity will usually persist for 

24 hours following recommended dosage. 

Intravenous solutions should not be injected intramuscularly nor subcutaneously. Caution 
should be taken to avoid the inadvertent introduction of the intravenous solution into the 
adjacent soft tissue. 

More detailed professional information available on request. 
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Manuscript Preparation and Submission 


Send manuscripts by first-class mail to the Chief Editor, 
Richard Warren, MD, 319 Longwood Ave, Boston 02115. 
Manuscripts are received with the understanding that 
they are not under simultaneous consideration by another 
publication. Accepted manuscripts become the permanent 
property of the ARCHIVES and may not be published else- 
where without permission from the publisher (AMA). 


[ ] All accepted manuscripts are subject to copy editing. 
The author will receive an edited typescript and layout 
rather than galley or page proofs for approval. The author 
is responsible for all statements in his work, including 
changes made by the copy editor. 


[| Designate one author as correspondent and provide his 
address and telephone number. He will be notified by mail 


of the intended publication date approximately one month 


in advance. Order reprints at the time the typescript is 
returned after editorial processing. Specify address to 
which requests for reprints should be sent. The correspond- 
ing author will receive 200 tearsheet copies of the article 
at no cost. 


O Submit an original typescript and two high quality 


copies of the entire manuscript including short communica- 


tions such as letters to the editor, book reviews, announce- 
ments, etc. All copy (including references, legends, and 
tables) must be typed double-spaced on 22 X 28 cm (8% X 
11 inch), heavy-duty white bond paper. Ample margins 


-should be provided. 


Ee Titles should be short, specific, and clear. They should 
not exceed 75 characters, including punctuation and spaces. 
A subtitle is often useful to shorten the main title. Provide 
a brief “running title” on each manuscript page. 


[| The style of writing should conform to acceptable 
English usage and syntax. Slang, medical jargon, obscure 
abbreviations, and abbreviated phrasing are to be avoided. 
Manuscripts reporting the results of experimental in- 
vestigations on human subjects must include a statement 
to the effect that informed consent was obtained after the 
nature of the procedure(s) had been fully explained. 


[C] Authors whose “first” language is not English should . 


arrange for their manuscripts to be written in idiomatic 
English prior to submission. 


[ ] Provide an abstract (135-word maximum) of the arti- 
cle. The abstract should include statements of the problem, 
method of study, results, and conclusions. The abstract 
replaces the summary. 


[| List references in consecutive numerical order (not 
alphabetically). Once a reference is cited, all subsequent 
citations should be to the original number. All references 
must be cited in the text or tables. Unpublished data 
and personal communications should not be listed as 
references. References to journal articles should include 
(1) author, (2) title, (3) journal name (as abbreviated 
in Index Medicus), (4) volume number, (5) inclusive page 
numbers, and (6) year, in that order. References to books 
should include (1) author(s), (2) chapter title (if any), (3) 
editor (if any), (4) title of book, (5) city of publication, 
(6) publisher, and (7) year. Volume and edition num- 
bers, specific pages, and name of translator should be 


` included when appropriate. The author is responsible for 


the accuracy and completeness of the references and for 
their correct text citation. Note this journal’s punctuation 
and sequence style in published reference lists. 
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[] Refer to patients by number (or, in anecdotal reports, 
by fictitious given names). Real names or initials should 
not be used in the text, tables, or illustrations. 


fz All measurements are to be in metric units. 


| | Letters to the Editor. The Editor will be pleased to 
receive correspondence of 250 words or less that pertains 
to material published in the ARCHIVES or of other matters 
of interest to its readers. If intended for publication, such 
letters should be clearly marked “For Publication.” 


Use only those illustrations that clarify and augment 
the text. Submit illustrations in duplicate, unmounted 
and untrimmed. Do not send original artwork. Send high- 
contrast glossy prints (not photocopies). Figure number, 
name of senior author, and arrow indicating “top” should 
be typed on a gummed label and affixed to the back of 
each illustration. All lettering must be legible after reduc- 
tion to column size. Artwork submitted for publication may 
be relettered to achieve uniformity of lettering style through- 
out the journal. Magnification and stain should be provided 
when pertinent. Illustrations should preferably be in a 
proportion of 12.5 x 18 em (5 Xx 7 inches). Legends 
should be typed double spaced beginning on a separate 
sheet of paper. Length should be limited to a maximum 
of 40 words. 


[ ] An experienced medica! illustrator should be employed 
whenever possible for the preparation of all artwork. 
Template lettering or preset type is preferred to hand- 
lettered labels. If halftone artwork with labels is sub- 
mitted, affix type and leaders to a clear acetate overlay 
registered to the base drawing. Labels and leaders should 
be applied directly to the drawing board surface if the 
artwork consists only of line ink technique. 


= A letter of consent must accompany all photographs 
of patients in which a possibility of identification exists. 
It is not sufficient to cover the eyes to mask identity. 


E Illustrations in full color are accepted for publication 
if the editors believe that color will add significantly 
to the published manuscript. The ARCHIVES will pay part 
of the expense of reproduction and printing color illus- 
trations, the remainder to be borne by the author or his 
sponsor. After deducting the ARCHIVES contribution, the 
author’s share is $275.00 for up to six square finished 
illustrations which can be arranged on a one-page layout. 
Any additional illustrations or special effects will be billed 
to the author at cost. Positive color transparencies (35 
mm preferred) must be submitted for an evaluation. 
Do not send color prints unless accompanied by original 
transparencies. If transparencies are mounted in frames or 
glass, the material should be carefully packed in gauze 
and sent with the manuscript in a separate container or 
between two pieces of pressboard. 

Each table should be typed double-spaced, including 

all headings, on a separate sheet of 22 x 28 cm paper. Do 
not use larger paper. If a table must be continued, use a 
second sheet and repeat all heads and stubs. 
[i] Tables should be arranged so that when printed they 
will not be wider than three columns of ARCHIVES body 
type. Generally up to nine typewritten columns of data 
(including stub, or left column) will fit into three columns. 
Tables must be numbered consecutively, beginning with 1, 
and each must have a heading. Example: “Table 6.—Re- 
sults of Blood Coagulation Studies.” 
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Brief Summary. 


Consult the package literature for prescribing information. 


Actions: Keflin® (sodium cephalothin, 
Lilly) is a broad-spectrum antibiotic. 
Following a single 1-Gm. intravenous 
dose, blood levels have been about 30 
mcg. per ml. at fifteen minutes. Dos- 
ages of 2 Gm. given intravenously over 
a thirty-minute period have produced 
serum concentrations of 80 to 100 mcg. 
per ml. one-half hour after the infusion. 

The antibiotic passes readily into 
body fluids, e.g., pleural, joint, bile, and 
ascitic fluids. 


Indications: Keflin is indicated for the 
treatment of serious infections caused 
by susceptible strains of the designated 
micro-organisms in the diseases listed 
below. 


Respiratory tract infections caused 
by Diplococcus pneumoniae, 
staphylococci (penicillinase and 
nonpenicillinase-producing), group 
A beta-hemolytic streptococci, 
Klebsiella, and Hemophilus influ- 
enzae 


Skin and soft-tissue infections, in- 
cluding peritonitis, caused by 
Staphylococci (penicillinase and 
nonpenicillinase-producing), 
group A beta-hemolytic strepto- 
cocci, Escherichia coli, Proteus 
mirabilis, and Klebsiella 


Genito-urinary tract infectionscaused 
by Esch. coli, Pr. mirabilis, and 
Klebsiella 


Septicemia, including endocarditis, 
caused by D. pneumoniae, staph- 
ylococci (penicillinase and non- 
Ppenicillinase-producing), group A 


beta-hemolytic streptococci, á Z 2 - 
Streptococcus viridans, Esch. coli, W pr 


Pr. mirabilis, and Klebsiella 
Gastro-intestina! infections caused 


by Salmonella and Shigella species 4 


Meningitis caused by D. pneumoniae, 
group A beta-hemolytic strepto- 
cocci, and staphylococci (penicil- 
linase and nonpenicillinase-pro- 
ducing) 

Bone and joint infections caused by 
Staphylococci (penicillinase and 
nonpenicillinase-producing) 
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Contraindication: Previous hypersensi- 
tivity to cephalosporins. 


Warnings: BEFORE CEPHALOTHIN THER- 
APY IS INSTITUTED, CAREFUL INQUIRY 
SHOULD BE MADE CONCERNING PREVI- 
OUS HYPERSENSITIVITY REACTIONS TO 
CEPHALOSPORINS AND PENICILLIN. 
CEPHALOSPORIN C DERIVATIVES SHOULD 
BE GIVEN CAUTIOUSLY IN PENICILLIN- 
SENSITIVE PATIENTS. 

SERIOUS ACUTE HYPERSENSITIVITY 
REACTIONS MAY REQUIRE EPINEPHRINE 
AND OTHER EMERGENCY MEASURES. 

There is some evidence of partial 
cross-allergenicity of the penicillins and 
the cephalosporins. Severe anaphylac- 
toid reactions have been reported with 
both drugs. 

Patients with allergy and hypersensi- 
tivity should receive antibiotics cau- 
tiously and only when necessary. 

Usage in Pregnancy—Safety for use 
during pregnancy has not been estab- 
lished. 


Precautions: Patients should be fol- 
lowed carefully to detect any side- 
effects or drug idiosyncrasy. If an al- 
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lergic reaction occurs, discontinue the 
drug and treat the patient with usual 
agents. 

Although alteration in kidney func- 
tion is rare, evaluation of renal status 
is recommended. Patients with im- 
paired renal function should be placed 
on a reduced dosage schedule to pre- 
vent excessive serum concentrations. 
Consult prescribing information. 

If thrombophlebitis or superinfection 
occurs, take appropriate measures. A 
false-positive reaction for glucose in the 
urine has been observed with some 
tests but not with Tes-Tape® (urine 
sugar analysis paper, Lilly). 


Adverse Reactions: Maculopapular rash, 
urticaria, pain, induration, tenderness, 


elevation of temperature, reactions re- 


sembling serum sickness, anaphylaxis, 


eosinophilia, drug fever, neutropenia, 
thrombocytopenia, hemolytic anemia, 
thrombophlebitis, transient rise in 
SGOT and alkaline phosphatase, rise in 
BUN, decreased creatinine Clearance, 
and a positive direct Coombs test have 
been reported. [071873] 


on the surgical service... 


Keflin LV. 


sodium cephalothin 
2 Gm* in 100-mi. ampoule 


*equivalent to cephalothin 


lOyears of 
clinical 
experience 


Additional information 
available to the 
profession on request. 


\ A ry, Eli Lilly and Company 
sg -, Indianapolis, Indiana 46206 
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on the surgical service... 


Keflin I.V. 
sodium cephalothin 


2 Gm. *in 100-ml. ampoule 
1O years of 


clinical 
experience 


Keflin was made available for 
clinical investigation early in 1962 and 
was marketed on September 4, 1964. 





Since the introduction of Keflin 

the susceptibilities of commonly 
encountered organisms, as measured 
by in-vitro methods, have not changed 
significantly. See brief summary 

for indications. 


A *equivalent to cephalothin 
Please turn page for summary 
of prescribing information. 
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Failure of Dacron Arterial Prostheses 


he report by Cooke et al (see 
page 101) of three failures of 
synthetic replacements in the abdom- 
inal aorta serves to remind us that 
when using manufactured devices for 
human spare parts, one must commit 
himself to a follow-up of such a pa- 
tient for his remaining life. Not only 
is important information obtained re- 
garding the performance of the par- 
ticular prosthesis, but additional data 
are provided about the natural his- 
tory of the atherosclerotic process and 
about the late complications deriving 


from this aging process. 


We began our evaluation of syn- 
thetic materials used for biological 
purposes shortly after the notable re- 
port in 1951 by Voorhees and associ- 
ates which established the capability 
of such materials for arterial replace- 
ment. Within a very few years, it 
became evident that virtually every 
established vascular surgeon was uti- 
lizing a variety of synthetic materials 
for this purpose, derived from an 
equal variety of sources—ranging 
from sophisticated textile manufac- 
turing plants on down to the fabric 
counter of an urban department 
store. Materials used for industrial 
antipollution filters and women’s 
dress goods got equal use in the un- 
derstandable move to eliminate the 
need for the human homograft. 

In 1955 a national vascular surgical 
society created a committee of its 
members to report on the clinical re- 
sults of the many synthetic materials, 
and to establish a registry. About the 
same time, the American College of 
Surgeons created a similar group. The 
report of the committee of the Soci- 
ety for Vascular Surgery a year later 
reflected wide variations in perform- 
ance, depending on the location of use 
in the body, but also depending on the 
materials. It became evident that 
Ivalon was, in fact, unsuited for arte- 
rial replacement. In 1955, our group 
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published an evaluation of the spe- 
cific physicochemical characteristics 
of the many synthetic materials un- 
der trial, and elaborated on the vari- 
ous types of constructions utilized for 
arterial prosthetics. At that time, we 
urged subsequent authors to be pre- 
cise and detailed in their future re- 
porting of synthetic materials being 
used. 

Fortunately, about 1957, industrial 
production of arterial prostheses 
served to eliminate the “homemade” 
replacement, which in the earliest 
days consisted of two pieces of fabric 
cut from a pattern, and sewn on a 
sewing machine in the workroom of 
the operating suite or in the labora- 
tory. With introduction of crimping, 
mechanical failures due to intragraft 
thrombosis were greatly reduced. 

From early laboratory testing, it 
was evident that the nylons rapidly 
lost tensile strength and were unable 
to resist arterial pressure. Con- 
sequently, virtually all of the mar- 
keted prostheses were fabricated 
with Dacron or Teflon yarn. The most 
favored construction has been the 
weave followed by the knit and, to a 
very much lesser degree, the braid. 
Both in animals and man, these con- 
structions have been reliable, as have 
the Dacron and Teflon yarn. Strict 
methods of quality control introduced 
by the companies have served to elim- 
inate defective prostheses from public 
sale, since there is no place in human 
surgery for a “second.” Nevertheless, 
with human fallibility in mind, it is 
possible to have prostheses with flaws 
reach the operating room, and our 
own experience bears testimony to 
this. Ordinarily the problem relates to 
a localized bleeding site, most often 
revealed at the time of insertion, for- 
tunately. 

In reviewing the papers reporting 
synthetic graft failures in the past, 
the reader is hampered by lack of 


technical detail regarding the pros- 
thesis, with rare exception. Also, with 
the rapid improvement in the quality 
and reliability of commercial pros- 
theses, many of the early failures 
were traceable to dehiscence of the 


seam or some other local fault. It is- 


regretable that we do not have spe- 
cific information regarding the pros- 
thesis in the report by Cook and asso- 


ciates. We assume that the authors 


have communicated the details of the 


two proven and one suspected graft 


failure to the manufacturer, hope- 
fully providing some of the material 
for laboratory testing of tensile 
strength. It is difficult to contemplate 
how a 3-cm vertical rent could occur 
in knitted fabric, just as it is puzzling 
how extensive dilation of the second 
replacement occurred. With a record 
of literally thousands of prostheses 
used without incident throughout the 
United States each year, the occur- 
rence of three failures within months 
after implantation in one surgical 
clinic suggests a defect of production 
rather than surgical fault. However, 
late bleeding has been reported on oc- 


casion from the site of cross-clamping 


of prostheses when toothed or crush- 
ing instruments were used. 

Once again, we make a plea to have 
all graft failures reported with iden- 
tifying details of material and con- 
struction and, hopefully, some critical 
evaluation of the causative factors. 
Some will undoubtedly relate to com- 
mercial production, while others may 
well relate to surgical procedure. 
With such accumulated information, 
we should be able to eliminate future 
similar difficulties. 

RALPH A. DETERLING, JR., MD 

New England Medical Center 
Hospitals 

171 Harrison Ave 

Boston 02111 
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eee P this issue (see page 57) Cohn 
ae and his associates have described 
bia. an interesting derangement in the 
3 plasma volume of patients with se- 
uaa vere angina pectoris and normal left 
= ventricular function. These patients 
~. have been shown by isotopic dilution 
= techniques to have an abnormally low 
_ plasma volume. Red blood cell volume, 
| although also low, was more nearly 
| oi normal. Plasma volume. deficits ob- 
a fy _ served averaged 700 ml with deficits 
| a as large as 1,200 ml. Moreover, these 
authors show that this plasma volume 
pa deficit is present four to six months 
ES after adequate myocardial revascu- 
z larization. 
zA A j = This study has important implica- 
oa in tions to the surgeon who operates on 






=T. S. Eliot said it: “Tradition can- 
not be inherited, and if you want it 
= you must obtain it by great labor.” 
. The Annals of Surgery has the long- 
~ est tradition of the American general 
surgical journals. It has, by dint of 
_ the labor of a series of distinguished 
editors, lived up to its tradition of ex- 
—cellence for over 88 years. As the 
aeara changes again in 1974, readers 
of the surgical literature will applaud 
the appointment of David C. Sabis- 
ton, MD, Chairman. of the Depart- 
ment of Surgery at Duke, as the new 
Chief Editor. Dr. Sabiston, trained 
under Alfred Blalock at Johns Hop- 
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Plasma Bats 


pe 
ees 


ahd Angina Pectoris 


patients with angina pectoris. The 
data indicate that hypovolemia must 
be suspected in the angina patient 
with intraoperative hypotension. In- 
discriminate vasopressor or inotropic 
therapy may further upset the critical 
balance between myocardial oxygen 
supply and demand in these precar- 
ious patients, resulting in intraop- 
erative myocardial infarction. The 
work of Cohn and his associates sug- 
gests that colloid should be adminis- 


‘tered without hesitation to relieve the 


plasma volume deficit, thereby in- 
creasing cardiac output and restoring 
the blood pressure to normal levels. 
Central venous pressure monitoring 
must serve as a guide to establish- 
ment of an adequate circulatory blood 


kins and called to the post at Duke in 
1965, has shown his editorial talents 
in his own scholarly writings and in 
his editorship of the newest edition of 
Christopher’s Textbook of Surgery. 
John Mulholland, then editor, noted 
in 1959 at the 75th birthday of the 
Annals, that until then the journal 
had retained the same size and shape. 
He wrote further of the “recurring 
unsuccessful appeals by the ever- 
present egregious editorial board 
member to pep up the journal with 
features, symposia, questions and an- 
swers, and other counterparts of the 
comic strip.” The size changed three 





volume. Similarly, blood volume re- 
placement following aortocoronary 
bypass grafting must be based on 
cardiac filling pressures rather than 
on restoration of preoperative blood 
volume. 

The current surge of interest in an- 
gina pectoris has, in part, been trig- 
gered by the apparently effective op- 
erative treatment now available. 
Studies such as those of Cohn and his 
associates will lead to a better under- 


standing of the pathophysiology of | 


angina pectoris. 
JOHN A. WALDHAUSEN, MD 
Department of Surgery 
The Pennsylvania State University 
M.S. Hershey Medical Center 
Hershey, PA 17033 


- New Editor of the Annals of Surgery 


years ago. It will be interesting to see 
if the new chief editor will hold the 
line against the pressures of the 
“comic strip” faction. Whatever hap- 
pens, we can anticipate further 
strides towards high papier 
quality. 

The Annals and American sur- 
geons can consider themselves fortu- 
nate in the appointment. The Ar- 
chives of Surgery salutes the 
challenge of continued competition 
for excellence that it will provide. 

RICHARD WARREN, MD 
319 Longwood Ave 
Boston, MA 02115 
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Simple 
drops of water 
help make 


COLACE the 


-* — most widely used 
iy stool softener. 


TE 
R COLACE works by stool-softening action alone, free from laxative 
stimulation. Simply by letting natural intestinal water permeate stools, 
COLACE helps to eliminate the hard, dry stools common to constipation. 


dioctyl sodium sulfosuccinate COLACE works to prevent pain and straining at stool with minimum 
chance of griping or cramps, particularly in patients with delicate 
anorectal disorders. COLACE is safe and non-habit forming in short- or 
long-term therapy. COLACE—the simple water way to ease constipation 
from infancy to old age. Capsules, syrup or liquid. 
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Special Panel 


| ee is another Panel by Corre- 


spondence in a series being pub- 


_ lished by the ArcuIves. Three recog- 
nized experts on gastroesophageal re- 
flux were asked to participate, and 
with their help ten questions were 
= composed; each expert was then 
asked to answer them independently. 


Since it is not possible to have direct 
discussion of any differences of opin- 
ion that may be expressed in this type 


of panel among the panelists them- 
-~ selves, an editorial comment appears 


at the end which attempts to summa- 
rize the major points. The ARCHIVES is 


grateful to the distinguished sur- 
geons who have agreed to participate. 


in this panel on “Gastroesophageal 
Reflux.” 


Question 1: What, in your opinion, 
are the normal mechanisms that main- 
tain competence of the cardia and pre- 
vent esophageal reflux? When reflux oc- 
curs, is a hiatal hernia always present? 
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Gastroesophageal Reflux 


A Panel by Correspondence 


Dr. Hitt: The most important 
mechanism in the prevention of re- 
flux is the lower esophageal sphincter. 
This has been well documented by 
manometric and pH determinations 
as well as by roentgenographic meth- 
ods. This lower esophageal sphincter 
is assisted by peristaltic or swallow 
waves in the lower part of the esoph- 
agus. When reflux occurs, even in the 
normal subject, these waves rapidly 
cleanse the terminal esophagus of 
acid and the normal esophageal pH in 
the 5 to 7 range is restored. Another 
factor that has been cited in compe- 
tence of the gastroesophageal junc- 
tion is the angle of insertion of the 
esophagus into the stomach (angle of 
His) creating a flap valve mechanism 
which closes with increasing intra- 
gastric pressure. The importance of 
this angle, however, has been chal- 
lenged. The sphincter mechanism 
may remain competent even though 
this angle is lost in large hiatal her- 
nias. The role of the diaphragm and 
the liver tunnel in the prevention of 
reflux have been questioned on the 
same ground. 

In a small number of patients with 
no demonstrated hiatal hernia, either 
by roentgenogram or at operation, re- 
flux may be severe. Measurement of 
the lower esophageal sphincter pres- 
sure in such patients may show that 
the pressure is low (below 10 mm Hg), 
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again indicating that the sphincter 
mechanism is the single most impor- 
tant factor in the prevention of 
reflux. 

Dr. SKINNER: The mechanisms 
maintaining competency of the car- 
dia in normal human beings are not 
thoroughly understood. Of the several 
factors that appear to contribute to 
normal competence, an intra-abdomi- 
nal segment of esophagus, com- 
pressed by the greater than atmo- 
spheric pressure present in the 
abdomen, is probably the most impor- 
tant one. Manometric studies demon- 
strate a high pressure zone at the 
gastroesophageal junction. The am- 
plitude of this increase correlates sta- 
tistically with the presence or absence 
of reflux, but the correlation is not an 
exact one. This high pressure zone, in 
turn, is thought to reflect a combina- 
tion of intrinsic smooth muscle action 
of the distal part of the esophagus, 
commonly referred to as the lower 
esophageal sphincter, and the extrin- 
sic pressure applied to the intra-ab- 
dominal segment of esophagus. Most 
investigators agree that these two 
factors are important in the control 
of reflux. An acute esophagogastric 
angle or flap valve does not appear to 
play a role in normal humans. Neither 
does the action of the diaphragmatic 
hiatus appear to be important. 

In approximately 20% of the pa- 
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tients whom we have treated surgi- 
cally for gastroesophageal reflux and 
its complications, no hiatal hernia 
has been demonstrable by roentgen- 
ographic techniques. In many of 
these, no hiatal hernia could be dem- 
onstrated anatomically at the time 
of surgical repair. Patients may con- 
tinue to have free reflux after an ana- 
tomical repair of a hiatal hernia when 
it can be demonstrated by roentgen- 
ographic studies and subsequent re- 
operation that no hiatal hernia is 
present. Gastroesophageal reflux and 
hiatal hernia must be regarded as 
separate and distinct conditions. 

Dr. Woopwarp: The only impor- 
tant mechanism that maintains com- 
petence of the cardia and prevents 
gastroesophageal reflux is the intrin- 
sic lower esophageal sphincter. Our 
studies in preoperative and postoper- 
ative patients indicate clearly that 
this sphincter is more effective when 
in the abdominal location. Gastrin is 
important in maintaining the normal 
tone of the sphincter. Almost all pa- 
tients with clinically significant re- 
flux have a sliding hiatal hernia; how- 
ever, sphincter failure with severe 
reflux esophagitis does oceur in the 
occasional patient without a hiatal 
hernia (probably less than 5%). Con- 
versely, however, most people with a 
sliding hiatal hernia maintain a com- 
petent lower esophageal sphincter 
and do not develop reflux escphagitis. 


Question 2; What are the usual symp- 
tom patterns associated with esophageal 
reflux and with peptic esophagitis? May 
a hiatal hernia alone produce these 
symptoms, or do they indicate reflux or 
peptic esophagitis? May peptic esoph- 
agitis produce a truly “short esoph- 
agus”? i 


Dr. HILL: The usual symptom asso- 
ciated with esophageal. reflux and 
peptic esophagitis is “heartburn.” 
This is a burning sensation which 
may be entirely epigastric, as it is 
with peptic ulceration of the stomach 
or duodenum, or may radiate upward 
for varying distances and even later- 
ally to the mastoid processes. The pa- 
tient may also have substernal pain, 
quite like that seen with angina pec- 
toris. Reflux of sour-tasting liquid 
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into the mouth may occur. 

A large hiatal hernia without re- 
flux may give pressure symptoms. A 
classic example of this is the large 
paraesophageal hernia with most or 
all of the stomach in the chest and 
substernal pressure and shortness of 
breath, particularly following a heavy 
meal, but without reflux. 

We have not seen peptic esoph- 
agitis produce the so-called “short 
esophagus,” nor has its length been 
objectively measured to our knowl- 
edge. This is an important point, 
since patients are subjected to re- 
sectional or replacement procedures 
as a result of the erroneous concept 
that the esophagus is shortened when 
a stricture is seen high in the thoracic 
esophagus. We have been able to 
demonstrate, by careful manometric 
determinations, that in these patients 
the sphincter mechanism is low 
enough so that the esophagogastric 
junction can be brought below the di- 
aphragm. When reflux is corrected, 
strictures with complete obstruction 
will heal with surprising rapidity. The 
stricture itself is often mistaken for 
the esophagogastric junction because 
the esophagus below the stricture is 
lined by gastric eipthelium which 
may even contain parietal cells. Until 
the existence of a “short esophagus” 
is established by objective determina- 
tions, the term should be abandoned 
since it may lead the unexperienced 
surgeon to recommend an esophageal 
resection or replacement for benign 
disease when this is not necessary. 

Dr. SKINNER: The typical symptoms 
caused by gastroesophageal reflux are 
heartburn and regurgitation related 
to posture. If the patient develops 
heartburn and a sour or bilious regur- 
gitation when stooping or lying flat, 


and is relieved by standing erect, the © 


diagnosis is almost certainly gastro- 
esophageal reflux. 

Atypical symptoms that may be 
caused by reflux but that can be 
caused by other conditions as well in- 
clude pressing chest pain similar to 
true angina pectoris, a sensation of 
choking or an abnormality in the 
throat often diagnosed as globus 
hystericus, hoarseness from vocal 
cord irritation by aspirated sub- 
stances, chronic cough and respira- 


tory symptoms from aspiration, and 
other vague symptoms including epi- 
gastric distress. 

There are no specific symptoms as- 
sociated with peptic esophagitis. 
There is no correlation of the severity 
of heartburn and the likelihood of 
peptic esophagitis as determined by 
esophagoscopic observation and 
biopsy. When peptic esophagitis is 
present, there is greater likelihood 
that the patient will notice dys- 
phagia, and a pain between the scap- 
ulae particularly associated with 
drinking alcohol or hot or cold liquids. 
Hematamesis, melena, or anemia 
may occur from esophagitis. Dys- 
phagia may be caused by esophageal 
reflux and spasm in patients without 
esophagitis. Other patients may de- 
velop stricture without having symp- 
toms severe enough to seek medical 
attention until the dysphagia has be- 
come marked. 

A hiatal hernia alone, without re- 
flux, does not produce the symptoms 
of heartburn and regurgitation or the 


other atypical symptoms described 


above. Hiatal hernia alone may occa- 


sionally cause vague indigestion or — 


epigastric distress. The large, type II, 


parahiatal, or rolling hiatal her- 


nia may cause dysphagia, a bloating 
sensation, shortness of breath, or 
vomiting because of its mechanical 
characteristics without causing gas- 
troesophageal reflux. 

Dr. Woopwarp: The most com- 
mon symptom associated with peptic 
esophagitis is “heartburn,” a burning 
substernal distress. The quality of 
distress is often similar to that in 
gastric or duodenal ulcer, and it is 
similarly intermittent in nature. The 
distress comes on after meals, and 
there is often correlation between the 
size of the meal and the severity and 
duration of distress. It is aggravated 
by increased intra-abdominal pres- 
sure as in pregnancy, gain in body 
weight, lifting, or straining. It is ag- 
gravated when gravity tends to pro- 
mote gastroesophageal reflux as, for 
example, when stooping or lying 
down. The distress is relieved by ant- 
acids or even by swallowing water or 
salivary secretions. It is often re- 
lieved by adopting the upright posi- 
tion. It may be accompanied by “wa- 
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ter brash,” the regurgitation of bitter 
or sour-tasting fluid into the back of 
the mouth. Esophagitis may cause a 
motility disturbance in the esophagus 


- so the occasional patient will have 


difficulty and/or pain in swallowing. 
The dysphagia associated with stric- 
ture development is obvious. 

The occasional patient will have 
symptoms related to airway aspira- 
tion. This may vary from mild attacks 


of “asthma” to full-blown aspiration 


pneumonitis and even lung abscess. 
The elderly patient, particularly, may 
have this complication in the absence 
of other symptoms of reflux esoph- 
agitis. 

Hiatal hernia alone will not produce 
these symptoms, and they always in- 
dicate reflux peptic esophagitis. Pep- 


_ tic esophagitis will produce a truly 


“short esophagus,” but this is uncom- 
mon and, in my experience, always 
associated with advanced stricture. 
Congenital short esophagus is an ex- 


= ceedingly rare condition. 


- Question 3: If esophageal reflux is 


suspected, in your personal experience, 

which of the following diagnostic proce- 
dures are most useful in establishing the 
_ diagnosis: (a) barium roentgenographic 
studies, including acid barium swallow, 


(b) gastric acid studies, (c) endoscopy, 
(d) intraluminal pressure readings, (e) 
pH determinations, (f) acid clearing, (g) 
acid perfusion (Bernstein) test, (h) po- 
tential difference measurements, (i) 
other? 


Dr. HıLL: The single most impor- 
tant study in our experience in sus- 
pected esophageal reflux has been 


= combined pH and pressure studies. 


This combines all the advantages of 
manometric studies disclosing the 
esophageal sphincter pressure, esoph- 


= ageal motility, location of the sphinc- 


ter, and the presence or absence of 
hiatal hernia. Coupled with this is the 
advantage that the pH electrode will 
detect even the slightest amount of 
reflux in careful studies. While it is 
true that there are about 5% false- 
negative tests in the presence of re- 
flux, we have found this test to be 
more accurate than the barium stud- 
ies or manometric studies alone. The 
number of false-negatives will vary 
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with the care with which the study is 


done. To be complete, however, bar- 


ium study and endoscopy should be 
added to the pH and pressure studies 
in patients where the diagnosis is in 
doubt. The Bernstein test is used in- 
frequently when the pH and pressure 
determinations are equivocal. Poten- 
difference measurements are 
helpful in those patients in whom the 
lower part of the esophagus is lined 
with gastric tissue and in whom the 


squamocolumnar junction is well 
above the diaphragm. 
Dr. SKINNER: Roentgenographic 


studies are the standard means for 
diagnosing hiatal hernia, but are less 
accurate than other methods in diag- 
nosing gastroesophageal reflux. 
Among patients proving ultimately 
to have abnormal reflux, experienced 
radiologists are able to detect this 
during a barium swallow examination 
in about 40%. Determination of gas- 
tric acidity is of no value in diagnos- 
ing gastroesophageal reflux or the 
likelihood of esophagitis. A high gas- 
tric acid level is of no consequence if 
the gastric acid cannot regurgitate 
into the esophagus. 

Esophagoscopy is the primary 
method for diagnosing esophagitis, 
but is not an acceptable means of 
judging the amount of reflux as an 
objective assessment of competency 
of the cardia. We do not rely on 
esophagoscopy to diagnose reflux. 

Manometric studies are useful in 
patients being evaluated for gastro- 
esophageal reflux and hiatal hernia, 
but are not diagnostic of either condi- 
tion. They will exclude other diag- 
noses such as scleroderma, achalasia, 
and esophageal spasm. The pH reflux 
test provides the most accurate defi- 
nition of an incompetent cardia and 
is a standard means of making this 
determination. The acid-clearing test 
provides information as to the ability 
of the esophagus to empty itself of re- 
gurgitated gastric material. Nor- 
mally this will occur in ten swallows 
or less, but is. generally more pro- 
longed in the presence of free reflux 
and esophagitis. The acid perfusion 
(Bernstein) test is useful in patients 
with atypical symptoms of uncertain 
origin. The potential difference test 
does not help in the diagnosis of re- 
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flux, but does provide information 
concerning an abnormality of the 
esophageal lining which should be 
further investigated by esophagos- 
copy. 

Dr. Woopwarp: The only impor- 
tant diagnostic procedure to confirm 
the clinical history is fiberoptic endos- 
copy. An upper gastrointestinal tract 
roentgenographic study should be 
performed first so that the endosco- 
pist will be aware of the anatomy and 
will be prewarned of the existence of 
stricture. Gastric acid studies are im- 
portant only in patients with duode- 
nal ulcer where ancillary surgery is 
being contemplated for this lesion. 
The acid perfusion (Bernstein) test is 
useful in cases where the cause of 
substernal pain is unclear. Despite its 
subjective end point, it is a remark- 
ably reliable test in the few eases 
where it is needed. All other studies 
listed are important research tools in 
studying the processes and diseases 
of the lower esophageal sphincter. 
They are not necessary for optimal 
care of the patient with reflux esoph- 


agitis. 


Question 4: What pathologic changes 
are produced by peptic esophagitis? Are 
these changes reversible? What compli- 
cations may occur? 


Dr. HILL: The earliest changes pro- 
duced by peptic esophagitis, as out- 
lined by Ismail-Beigi et al,' are thick- 
ening of the basal layer from a 
normal zone of two to four cells to one 
of six and eight cells in thickness, 
coupled with elongation of the dermal 
pegs, which in advanced cases may 
reach all the way to the luminal sur- 
face, exposing the dermal pegs to the 
luminal contents. The exposure of the 
dermal pegs may explain chemical 
sensitivity to acid infusion into the 
esophagus, according to Ismail-Beigi 
et al. Polymorphonuclear leukocytes 
are uncommon in the mucosa of the 
esophagus in symptomatic individ- 
uals, being found in only 20% of pa- 
tients. Following these early changes, 
the esophageal lining may show ad- 
vanced changes of ulceration with 
complete denudation of the squamous 
epithelium with either diffuse or dis- 
crete ulceration, which is usually cir- 
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cumferential and fairly short in 
length along the esophagus. If ulcera- 
tion continues, the squamous epithe- 
lium is usually- replaced by columnar 
epithelium, and the ulceration may 
continue in a cephalad direction up as 
far as the aortic arch with the 
squamous mucosa being replaced by a 
process of creeping substitution by 
epithelium that may contain nearly 
all elements of gastric epithelium, in- 
cluding parietal cells. The early 
changes of esophageal irritation are 
entirely reversible. The late changes, 
consisting of gastric replacement of 
the squamous epithelium, appear to 
be permanent in our experience, al- 
though Ismail-Beigi et al have a 
single patient in whom reversion 
back to squamous epithelium appears 
to be taking place. 

The complication of the advanced 
changes of esophagitis are ulceration, 
stricture, and obstruction. Bleeding 
may be chronic with profound anemia 
or, rarely, it may be acute and mas- 
sive. Perforation of the esophagus has 
been rare in our experience. As indi- 
cated above, even strictures with 

complete obstruction will heal with 
surprising rapidity once reflux is 
corrected. 

Dr. SKINNER: The earliest patho- 
logic changes produced by reflux are a 
thinning of the stratified squamous 
layer of the esophageal mucosa and a 
decrease in the distance from the rete 
pegs and basal cell layer to the sur- 
face of the epithelium. This occurs in 
the absence of inflammatory cell reac- 
tion, and pathologists debate whether 
this can be called true esophagitis. 
Nevertheless, these changes are 
noted with frequency in patients 
complaining of heartburn. The thin- 
ness of the mucosa may account for 
the reddening seen in the distal 
esophagus in these patients, even 
though an inflammatory response is 
not present. 

Subsequent changes from more 
prolonged exposure to reflux include 
the breakdown of mucosa with shal- 
low ulcerations and sloughing of the 
squamous epithelium followed by 
frank ulcer formation. This may pro- 
gress to penetration of the submucosa 
and muscle layers with subsequent fi- 
brosis and stricture. 
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The changes of superficial esoph- 
agitis are clearly reversible. When 
the esophageal damage has pene- 
trated through the submucosa and 
into the muscularis, healing occurs by 
fibrosis. At this point some changes 
are irreversible, although the mucosal 
surface may be restored by regenera- 
tion of columnar epithelium. 

The complications of esophagitis 
include hemorrhage from penetrating 
ulcers or from diffuse bleeding from 
the thinned esophageal mucosa. Pene- 
trations of ulcers into the peri- 
cardium, pleura, or mediastinum have 
been described. Stricture is the most 
common complication of long-stand- 
ing esophagitis and results from the 
cycle of esophageal breakdown, ul- 
ceration, fibrosis, and healing. 

Dr. Woopwarp: Reflux peptic 
esophagitis is an erosive process, and 
punched-out craters such as are seen 
in the stomach and duodenum are 
rare, except when Barrett? mucosa is 
present. The erosions tend to be lin- 
ear along the longitudinal folds of 
the distal esophagus, with the early 
changes consisting of erythema, fria- 
bility, and easy contact bleeding. In 
more severe cases, there is patchy ne- 
crosis in these linear areas, which we 
refer to as “fibrinous exudate.” In ac- 
tuality this represents dead mucosa, 
and when teased away with the biop- 
sy forceps, freely-bleeding granula- 


tions are observed. In many cases - 


these changes are completely rever- 
sible when gastroesophageal reflux is 
prevented. In severe cases, there is a 
residual cobblestone appearance to 
the mucosa of the distal esophagus. 

The most common complication is 
stricture. This may be mucosal only, 
the so-called Schatzki ring. In more 
extensive lesions the fibrosis becomes 
transmural, involving the submucosal 
and muscular coats. Hemorrhage may 
also occur, although acute bleeding is 
uncommon. Chronic blood loss anemia 
is more likely, but is still relatively 
uncommon. 


Question 5: In your experience, what 
is the most effective medical program 
for the control of reflux esophagitis? 


Dr. Hitt: The medical program 
that has been employed in the treat- 


ment of esophagitis has been the fol- 
lowing: (1) raising the head of the bed 
by inserting 20-cm blocks under the 
legs of the bed, (2) hourly adminis- 
tration of antacids in the advanced 
cases or administration of antacids as 
necessary in less advanced cases, (3) 
an ulcer-type diet, consisting of bland 
foods and frequent small feedings, (4) 
avoidance of eating prior to retiring 
in order to avoid nocturnal reflux, 
and (5) weight loss and avoidance of 
heavy lifting, as well as the avoidance 
of tight garments. 

Dr. SKINNER: The medical program 
should include elevation of the head 
of the bed, ingestion of antacids ap- 
proximately one hour after meals and 
before retiring, and avoidance of 
cigarette smoking. Anticholinergic 
drugs and tranquilizers may increase 
the amount of reflux and are not gen- 
erally advocated. 

Dr. Woopwarp: The most effective 
medical program for control of reflux 
esophagitis consists of the following 
items: (1) elevation of the head of the 
bed to minimize nocturnal reflux, (2) 
interprandial antacids, (3) three 
smaller, equal meals instead of the 
traditional large evening meal, and 
(4) weight reduction (in the obese pa- 


tient, this measure alone may com- 


pletely reverse the process). Anti- 
cholinergic drugs are contraindicated 
since they promote gastric retention 
and tend to accentuate gastroesopha- 
geal reflux. 


Question 6: What are the indications 
for surgical intervention? 


Dr. Hit: The obvious indications 
for surgical intervention are stric- 
ture, ulceration, obstruction, and con- 
tinued bleeding. A common situation, 
however, which requires judgement 
on the part of the internist and the 
surgeon, is found in those patients 
who are termed “refractory to medi- 
cal management.” In these patients, 
medical management should be under 
the supervision of an experienced 
physician or gastroenterologist who, 
after a careful trial with all medical 
measures, believes that the patient is 
incapacitated by the symptoms of 
esophagitis, leaving surgical inter- 
vention as the only solution to the 
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problem. 

An important but often overlooked 
indication for surgical intervention 
is nocturnal overflow, with pulmo- 
nary symptoms that may vary from 
chronic obstructive pulmonary dis- 
ease to lung abscess. Thirty percent 
of our patients have had significant 
pulmonary symptoms that are re- 
lieved by an antireflux procedure. 

Dr. SKINNER: There are three major 
categories of indications for surgical 
intervention. These include the com- 
plications of reflux, failure of medical 
therapy to control symptoms, and the 


_ presence of a large, type II, para- 


esophageal hiatal hernia. When frank 
ulceration of the lower esophagus, 
bleeding from esophagitis, stricture 
development, or documented aspira- 
tion of regurgitated contents into the 
lung are present, these serve as defi- 
nite indications for surgical interven- 
tion to control reflux. Patients with 
milder degrees of esophagitis or no 
esophagitis are all treated medically 
in an effort to control symptoms. If 
control of symptoms is not achieved 
during an intensive initial period of 
therapy and maintained during a 
subsequent six-month period of medi- 
cal management, then patients may 
be accepted for operation to control 
symptoms of heartburn and regurgi- 
tation. Great care must be taken in 
these patients to verify that the 


- — symptoms do in fact come from reflux 


and not some other source. 

All large type II hiatal hernias 
should be repaired, even if they are 
asymptomatic, because of the hazards 
of obstruction, strangulation, torsion, 
acute intrathoracic gastric dilata- 


_ tion, or bleeding from gastric ulcer. 


These mechanical complications have 
no medical therapy and should be 


= avoided by surgical treatment of the 
hernia itself. 


Dr. WOODWARD: (1) Stricture: Even 
early, easily dilated strictures indi- 
cate the basic severity of the process 
and, in my opinion, indicate surgery 
unless there is some medical contrain- 
dication; (2) Chronic blood loss ane- 
mia: Medical measures seldom control 
this, in my experience, and surgery is 
almost always necessary. I have had 
to operate on only one patient for 
acute hemorrhage from esophagitis; 
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(3) By far the most common indica- 
tion for surgery is failure of medical 
therapy. Since the physician can do 
little or nothing to strengthen the 
lower esophageal sphincter, the medi- 
eal failure rate is rather high; I sus- 
pect some 20% or 30% of patients with 
clinically significant reflux esoph- 
agitis eventually come to elective 


surgery. 


Question 7: Successful correction of 
reflux esophagitis is reported by a vari- 
ety of surgical techniques. Do you rec- 
ognize certain basic common denomina- 
tors which must be present in any 
successful procedure? Is it necessary to 
reduce the gastric acid production by va- 
gotomy and pyloroplasty or some sim- 
ilar method? 


Dr. Hii: The basic common de- 
nominator in antireflux procedures is 
the changing of the abnormally low, 
lower esophageal sphincter pressure 
to one within the normal range of 15 
mm Hg or better. Unless the lower 
esophageal sphincter pressure is 
strengthened, an antireflux procedure 
will fail in a high percentage of cases. 
In addition to elevating the lower 
esophageal sphincter pressure, other 
factors that are important are the 
creation of an intra-abdominal seg- 
ment of esophagus, the secure anchor- 
ing of the gastroesophageal junction 
to the preaortic fascia and median ar- 
cuate ligament, and the recreation of 
the angle of His, which may assist the 
sphincter mechanism in the preven- 
tion of reflux. 

If reflux is prevented and recurrent 
herniation is likewise prevented, the 
addition of a vagotomy and pyloro- 
plasty adds nothing to the procedure. 
The primary objectives in surgery for 
hiatal hernia are prevention of reflux 
and recurrent herniation. If these two 
objectives are accomplished, the addi- 
tion of vagotomy and pyloroplasty 
simply adds the complication of an- 
other operation without benefit to the 
patient. On the other hand, if there is 
a duodenal ulcer or gastric outlet ob- 
struction, a vagotomy and _ pyloro- 
plasty are essential. 

Dr. SKINNER: A simple anatomical 
repair of a hiatal hernia is not suffi- 
cient to correct reflux. A specific anti- 


reflux operation must be done. 

It is now recognized that the sev- 
eral types of operations that have 
been successful in controlling reflux 
and reversing esophagitis employ 
common principles. 

The principles include the restora- 
tion of a 4-cm or longer segment of 
intra-abdominal esophagus, appli- 
cation of the gastric wall around the 
intra-abdominal segment of esoph- 
agus to create compression and a type 
of flap valve, loose closure of the 
hiatus when it is widely dilated to 
prevent this reconstruction from her- 
niating back into the chest, preserva- 
tion of the vagus nerves to avoid dis- 
abling side effects, care in handling 
the distal esophageal muscle seg- 
ments so that their intrinsic role is 
preserved, and verification of the 
adequacy of the gastric outlet. 

Vagotomy and pyloroplasty are not 
useful in the treatment of gastro- 
esophageal reflux and may be harm- 
ful. This procedure should be 
employed only in patients with docu- 
mented duodenal ulcer disease who 
meet standard criteria for gastric 
surgery for the ulcer. 

Dr. Woopwarp: The objective of all 
surgical operations, regardless of the 
specific technique employed, is the 
correction of gastroesophageal reflux. 
The single most important common 
denominator in my experience is the 
restoration of a significant segment 
of intra-abdominal esophagus. The 
valvuloplastic methods** are useful in 
the rare cases where this cannot be 
accomplished, since they will reduce 
or prevent gastroesophageal reflux 
even in the thoracic position. 

So little acid pepsin is needed to 
produce peptic esophagitis that acid- 
reducing procedures on the stomach 
do not have any effect on reflux 
esophagitis and play no role whatever 
in its treatment. On the other hand, a 
significant number of patients with 
the worst peptic esophagitis also have 
severe duodenal ulcers, and in these 
few patients ancillary gastric surgery 
should probably be used. At the pres- 
ent time we would advocate parietal 
cell vagotomy without pyloroplasty. 


Question 8: What is your personal 
choice of operation for correction of 


Gastroesophageal Reflux/Bartlett 


Nut 


this condition? May your choice vary 
with the individual patient’s problem 
and, if so, what are your alternate 
choices? 


Dr. HILL: Our personal choice of op- 
eration is a median arcuate posterior 
gastropexy, which consists of anchor- 
ing the gastroesophageal junction to 
the preaortic fascia and median ar- 
cuate ligament and calibrating the 
cardia carefully to increase the lower 
esophageal sphincter pressure. This 
procedure is varied according to the 
findings at surgery. If the cardia is 
lax and admits three or four fingers 
all the way into the esophagus, the 
calibration of the cardia must be done 
carefully and meticulously if the 
lower esophageal sphincter pressure 
is to be increased. If the sphincter 
pressure is fairly good despite the 
presence of a hernia prior to oper- 
ation, the calibration of the cardia 
may not be required. In the latter 
group of patients, the anchoring of 
the gastroesophageal junction is the 
most important factor in allowing the 
sphincter to resume its normal activ- 
ity and in the prevention of recurrent 


herniation. If there is gastric outlet 


obstruction or a duodenal ulcer, a va- 
gotomy and pyloroplasty should be 
added to the procedure, but only for 
correction of duodenal ulceration or 
poor gastric drainage. 

Dr. SKINNER: At various times I 
have employed the Collis posterior 
gastropexy procedure, the Hill poste- 
rior gastropexy operation, the Baue 
and Belsey Mark IV procedure,’ and 
the Nissen “fundoplication” oper- 
ation.* At the present time, I prefer 
the Baue and Belsey Mark IV proce- 
dure for patients requiring operation 
through a thoracotomy incision and 
the Hill posterior gastropexy proce- 
dure for patients operated on through 
a laparotomy incision. The choice of 
approach is cictated by several fac- 
tors. Patients with severe esophagitis 
should be treated transthoracically to 
facilitate wide mobilization of the 
esophagus and to aid in the judgment 
as to whether an ancillary procedure 
such as a gastroplasty or esophageal 
resection may be necessary to provide 
control of reflux. Obese patients, pa- 
tients with a recurrent hiatal hernia, 
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and patients with coexistent pulmo- 
nary disease may best be treated 
through a thoracic approach. 

The abdominal approach is selected 
in patients with concurrent biliary, 
peptic ulcer or pancreatic disease, or 
some other intra-abdominal problem 
which is symptomatic and requires 
treatment. 

In my practice, approximately 40% 
of patients are operated on trans- 
abdominally and 60% transthoraci- 
cally. 

Dr. Woopwarp: In the uncompli- 
cated case being operated on for the 
first time, I prefer the method de- 
scribed by Dr. Hill, consisting of re- 
duction of the hernia, closure of the 
esophageal hiatus posteriorly, and 
fixation of the esophagogastric junc- 
tion to the median arcuate ligament. 


Question 9: How is your treatment of 
peptic esophagitis modified by the pres- 
ence of a stricture of the lower esoph- 
agus? 


Dr. HILL: Our treatment of peptic 
esophagitis with stricture formation 
is modified only in that blunt dis- 
section and occasionally sharp dis- 
section around the esophagus to re- 
lieve the paraesophageal adhesions 
may be essential to obtain enough 
length of intra-abdominal esophagus 
to anchor the gastroesophageal junc- 
tion to the median arcuate ligament. 
Rarely, a counter incision in the chest 
is required to accomplish this. Even if 
a counter incision is required, how- 
ever, we believe that it is better to 
leave the patient with his own esoph- 
agus than to replace it with a colon or 
jejunum for benign disease. In the 
presence of stricture, the cardia is 
usually very lax and the calibration of 
the cardia is the key to success in our 
experience. Careful calibration of the 
lumen of the esophagus down to 
where only a tip of a finger can be 
placed alongside a Levin tube in the 
lumen of the esophagus is mandatory 
to increase the lower esophageal 
sphincter pressure to the point where 
the reflux will be corrected. It is the 
failure to calibrate the cardia that so 
often leads to disappointment with a 
simplified procedure in the presence 
of stricture. We now have 91 patients 
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treated by this method with stricture 
in which reoperation was required in 
only one instance, and the correction 
of reflux was achieved in all but 6% of 
the patients. This 6% consisted of pa- 
tients treated early in the series. In 
the last 41 patients, there has been 
correction of reflux in all but 2% of 
patients. 

Dr. SKINNER: The treatment of 
esophageal stricture complicating re- 
flux esophagitis is varied in individual 


patients according to their general - 


condition and the specific nature of 
the stricture. We have been able to 
treat patients with short strictures lo- 
cated precisely at the gastroesopha- 
geal junction by dilation and a stan- 
dard antireflux operation. In patients 
with esophageal shortening from 
spasm and fibrosis, it is necessary 
to lengthen the esophageal tube to 
create the vital intra-abdominal seg- 
ment of esophagus. We have used the 
Collis’ gastroplasty technique for this 
when the stricture has been easily di- 


lated preoperatively and at the time 


of surgery. In this procedure, the 
esophageal tube is lengthened by cut- 
ting a tube from the lesser curvature 
of the stomach and creating a new 
gastroesophageal junction, usually 6 
cm or more distally. This gastric tube 
is then used as if it were esophagus, 
and a standard Baue and Belsey 
Mark IV repair’ is performed around 
the new tube. It may be necessary to 
continue dilation of some of these pa- 
tients postoperatively. 

When the destruction to the esoph- 
ageal wall is full-thickness through 
the muscle layer or when multiple 
previous operations have been at- 
tempted and failed, I prefer an esoph- 
ageal resection and reconstruction by 
an interposition of a short segment of 
descending colon. I have employed 
this operation 19 times in patients 
with benign strictures, with no oper- 
ative mortality and with excellent 
functional results. No patients have 
had recurrent stricture or regurgita- 
tion. These colon segments function 
actively and empty by peristalsis. 
Acid in the colon segment is a partic- 
ularly effective stimulus for peri- 
stalsis, so the interposition should be 
used in an isoperistaltic direction. 

Dr. Woopwarp: In patients with 
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recurrent hiatal hernia and esoph- 
agitis and in patients with a readily 
dilatable stricture I prefer a Nissen 
fundoplication,’ usually by the trans- 
abdominal approach. In patients with 
nondilatable stricture and acquired 
short esophagus, I prefer the trans- 
thoracic Thal’ patch repair of the 
stricture complemented by a Nissen 
fundoplication? to prevent further 
gastroesophageal reflux and recur- 


rent esophagitis and stricture. 


Question 10: How would you treat a 
patient with peristent reflux esophagitis 
and a recurrent hiatal hernia following 
a previous unsuccessful repair? How 
would this be modified by the nature of 
the previous repair? 


Dr. HILL: Patients with recurrent 
hiatal hernia and reflux esophagitis 


~- are treated as outlined in the answer 
= to the previous question. This varies, 


of course, since the procedure previ- 


_ ously employed must be taken down 
_ prior to a definitive antireflux oper- 
-~ ation. In an earlier report,’ the types 


of procedures that had been corrected 
were reported. This experience now 


includes 92 patients. Some had been | 


operated on as many as four times, 


both transthoracically and trans- 


abdominally. The dissection must be 
done with the utmost care, or perfora- 
tion of the esophagus will result. If 
this does occur, it must be recognized 
and closed immediately. If the sphinc- 
ter mechanism has been largely de- 
stroyed by the previous operation, 
calibration of the cardia by meticu- 
lous imbrication of the lesser curva- 
ture is extremely important if the 
weakened lower esophageal sphincter 
is to be strengthened sufficiently to 
prevent reflux. 

Dr. SKINNER: In such patients, the 
choice of procedure is dictated by 
whether a stricture is present. 

Wide mobilization of the lower part 
of the esophagus and proximal stom- 
ach is essential so the transthoracic 
approach is preferred. If the esoph- 
ageal length is normal, a Baue and 
Belsey Mark IV reconstruction’ is the 
procedure of choice. If there is short- 
ening from periesophageal fibrosis, or 
stricture, then a Collis gastroplasty* 


may be necessary to restore the 
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intra-abdominal segment of esoph- 
agus for the antireflux maneuvers. 

If there have been multiple oper- 
ations and the lower esophageal seg- 
ment is badly destroyed by surgical 
trauma and esophagitis, a resection 
and interposition procedure may be 
necessary. 

In patients who have undergone 
previous gastric resections as part of 
the treatment for their peptic ulcer 
disease or as misguided therapy for 
reflux, it is very difficult to perform a 
Nissen fundoplication‘ because of the 
small amount of stomach remaining, 
and in fact it may be difficult to per- 
form the Mark IV procedure.’ In such 
cases, the Hill posterior gastropexy’ 
may be employed through a combined 


thoracoabdominal approach. 


Dr. WOODWARD: As noted above, I 
prefer the Nissen fundoplication‘ in 
treating patients with recurrent re- 
flux esophagitis and recurrent hiatal 
hernia. Most recurrences we see have 
had either an Allison? or Hill® repair 
primarily. In the slender patient, we 
can usually accomplish this by the 
transabdominal approach, but in case 
of doubt will use a left thoracotomy. 
In patients whose first procedure was 
a Baue and Belsey repair,’ we use the 
thoracic approach and convert the 
Baue and Belsey repair into a com- 
plete Nissen wraparound.‘ In patients 
with recurrence after Nissen fundop- 
lication, we repeat the Nissen repair 
if it has disintegrated, or make the 
Nissen wrap more extensive over a 
longer segment of esophagus. 

EDITORIAL COMMENT BY DR. BART- 
LETT: In the answers to the questions 
by the panelists, it is quite evident 
that there is substantial agreement 
on most of the major points, but some 
variation, as would be expected, in 
evaluation of the relative importance 
of some of the factors involved. There 
are some differences in the various 
diagnostic measures employed and 
some in the choice of operative proce- 
dures. However, the objective of pre- 
venting further reflux of gastric con- 
tent into the lower part of the 
esophagus and of correcting, when 
necessary, damage from previous 
esophagitis is clear. Except in the 
presence of duodenal ulcer disease, 
the level of gastric acidity is not im- 


portant and there is no indication to 
add anything to the operative proce- 
dure in an effort to lower it. 

The pressure in the lower esoph- 
agus resulting from a combination of 
the action of the lower esophageal 
sphincter and the normal intra-ab- 
dominal pressure is the single most 
important factor in preventing gas- 
troesophageal reflux. The angle of in- 
sertion of the esophagus into the 
stomach (angle of His) and the action 
of the diaphragmatic hiatus are rela- 
tively unimportant factors. A hiatus 
hernia is usually present, but of itself 
this does not cause reflux. Occasion- 
ally, hernias large enough to cause 
pressure symptoms may be found 
without evidence of reflux. Con- 
versely, severe reflux may occur in 
the absence of any demonstrable 
hernia. 

The symptoms produced by gas- 
troesophageal reflux are usually suffi- 
ciently typical so that the diagnosis 
will be suspected and appropriate 
studies instituted. Epigastric or sub- 
sternal heartburn is the most com- 
mon complaint. 

In diagnosis, an upper gastroin- 
testinal tract series should be done 
to demonstrate the anatomy and to 
show any evidence of other disease, 
particularly duodenal ulcer. This will 
also detect the presence of a hiatus 
hernia with some accuracy, but is not 
a good means of evaluating reflux or 
esophagitis unless the latter has 
progressed to stricture formation. 
Esophagoscopy is the primary means 
of diagnosing esophagitis, and pH 
studies will give additional informa- 
tion about the competence of the car- 
dia and the amount of reflux. Dr. Hill 
routinely combines these with pres- 
sure studies. The other diagnostic 
techniques are usually reserved for 
patients with unusual or atypical 
problems. The acid perfusion (Bern- 
stein) test is particularly useful in 
this regard. 

In its early stages, esophagitis 
shows microscopic changes in the 
esophageal mucosa with thinning of 
the squamous epithelium and thick- 
ening of the basal layers. There is 
usually a surprising absence of in- 
flammatory cell reaction. The process 
progresses to superficial erosion and 
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ulceration, and may eventually in- 
volve the full-thickness of the 
esophageal wall. Stricture formation 
may develop and lead to obstruction. 
Perforation is rare, and bleeding rela- 


tively so. When bleeding does occur, it 


is ‘usually chronic, rarely acute or 
massive. 

The early changes of esophagitis 
are clearly reversible. When suff- 
cient scarring of the muscular layers 
has occurred, permanent changes are 
present; but even after significant 
stricture formation, remarkable im- 
provement is possible when reflux is 
eliminated. 

Many patients with esophagitis can 
be managed on a medical program. 
The mechanical factors producing re- 
flux can be reduced by avoiding pro- 
longed heavy lifting, bending, or 
stoeping; elevating the head of the 
bed; and weight reduction. More fre- 
quent and smaller meals of bland 
foods sheuld be eaten and antacids 
taken between meals. Anticholiner- 
gic drugs may lead to gastric reten- 
tion and should not be used. 

Failure of the patient to respond 
satisfactorily to such a program con- 
stitutes the most common indication 
for surgical intervention, and in this 
deeision clinical judgment becomes 
the all-important factor, as it does 
with peptic ulcer disease. Also, it is 
these patients with uncontrolled re- 
flux and esophagitis who may pro- 
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gress to stricture formation with 
increasing obstruction or who may 
bleed or even perforate. These are all 
clear indications for operation. An 
additional reason for operation is 
present when nocturnal aspiration of 
gastric content has led to pulmonary 
damage. 

In attempting to identify the prin- 
ciples that the several successful op- 
erations for correcting reflux have in 
common, it is clear that a simple re- 
pair of the hiatus hernia is not suffi- 
cient. The aim should also be to get an 
adequate segment of the lower esoph- 
agus anchored below the diaphragm 
to allow better function of the lower 
esophageal sphincter and to take ad- 
vantage of the normal intra-abdomi- 
nal pressure. The result is improved 
by application of the gastric wall 
around the intra-abdominal esoph- 
agus which may be done by the meth- 
ods advocated by Hill Baue and 
Belsey,? or Nissen.t The Nissen 
wraparound procedure will usually 
control reflux even when it is not pos- 
sible to reduce the esophagogastric 
junction below the diaphragm. 

When there has been extensive 
scarring around the lower esophagus 
from esophagitis or previous surgery, 
making reduction of the esophago- 
gastric junction below the diaphragm 
difficult or unsatisfactery, or when a 
tight stricture has formed, other op- 
tions are available. Additional length 


may be obtained by a Collis’ gastro- 
plasty or an extensively damaged and 
strictured segment may be treated by 
a Thal’ patch repair, complemented 
by a Nissen fundoplication or by an 
interposition procedure. Both of these 
methods give satisfactory control of 
further reflux. 

The presence of other intra-abdom- 
inal disease which requires evaluation 
or treatment will often influence the 
choice of an abdominal or trans- 
thoracic approach, as will other fac- 
tors such as previous unsuccessful re- 
pairs, obesity, and pulmonary disease, 
as well as the personal preference of 
the surgeon. 
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The Results of Nylon Darn Repair 
for Inguinal Hernia 


A study has been undertaken of patients 
having a nylon darn for inguinal hernia at St. 
Thomas’s Hospital with a follow-up of 5 to 
12 years and a comparison made with the re- 
sults of other methods of repair previously 
studied at the hospital. One hundred and 
eighty-six repairs were performed with an 
overall recurrence rate of 7.5%. The recur- 
rence rate for oblique hernia was 4.2% and 
for direct hernia 13.2%. 

The use of the nylon repair has produced 
an improvement on methods previously in 
use at this hospital. 

An analysis of the type of recurrence was 
made and some suggestions have been 
made to improve technique and subsequent 
results. 


Shear agreement is never 
reached about the treatment of 
the very common condition of ingui- 
nal hernia. Published series are usu- 
ally not comparable for various rea- 
sons. Sometimes the length of follow- 
up varies too much and in some series 
it may be as short as one year with 
correspondingly “better” results. The 
composition of the series may. vary 
with different types of hernias in- 
cluded or there may be other differ- 
ences to prevent fair comparison. The 
results of an individual series re- 
ported by a surgeon who may have 
done all or most of the operations 
himself and taken a particular inter- 
est in the problem naturally tend to 
be better than collective series. The 
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operations in the latter have often 
been done by a number of surgeons of 
varying seniority, perhaps some in 
training or with no special interest in 
the problem. The series studied here 
have all been of this collective 
type and should therefore show what 
might be expected of a particular sur- 
gical operation when put into wide- 
spread practice. 

The use of monofilament nylon 
arose spontaneously as soon as the 
material became available, because it 
has obvious advantages over mate- 
rials previously used. Moloney’? was 
probably the first to study it carefully 
and to report his results. He reported 
a recurrence rate of less than 1% of 
253 personal cases which had nylon 
darn repairs followed up for more 
than five years. 

There have been a number of series 
from St. Thomas’s in the past. In 1934 
Max Page’ published the results of a 
series studied by Barrett. The oper- 
ations done were chiefly Bassini or 
Foster repairs. Max Page also re- 
ported a series in 1948* (studied by 
Arthur G. McPherson) in which Gallie 
fascial repairs and herniotomies were 
done. In 1960 Shuttleworth and 
Davies? reported results from St. 
Thomas’s but the hernia repairs were 
of different types and the series is 
therefore less comparable than the 
others. They found that nylon darn 
gave the best results. 

The present series consists of pa- 
tients operated on in the routine 
practice of the hospital by surgeons of 
varying seniority. They have been 
followed up for a minimum period of 
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five years and have all had nylon darn 
repairs for inguinal hernia. 


Behavior of Implanted Materials 


Douglas’ tested the tensile 


strength of sutures after implanta- 


tion in living tissue and found that 
organic suture material such as silk, 
cotton, or linen lost tensile strength 
rapidly after the second month. By 
six months these materials had either 
disintegrated or were so weak as to 
have little power of reinforcing a de- 
fect. In contrast, nylon, stainless 
steel, tantalum, and silver were, on 
the whole, as strong at six months as 
they were when inserted. Moloney’ 
showed that the thicker grades of 
single-stranded nylon still had had at 
least two thirds of their original 
strength after ten years in the tis- 
sues. 

Another advantage of single- 
strand material, such as monofila- 
ment nylon or stainless steel, is the 
diminished incidence of perpetuating 
infection, should it occur. Moloney? 
found that in only four out of 19 cases 
where infection occurred in the pres- 
ence of a nylon darn was it necessary 
to remove sutures for a sinus to heal. 


Technical Points 


The patients studied here have all 
had conventional groin incisions, usu- 
ally above and parallel to the inguinal 
ligament. The external oblique apo- 
neurosis has been incised in the line 
of its fibers and the sac found, freed, 
and ligated at its neck in the usual 
way. Repair of the transversalis fas- 
cia, particularly at its lateral end just 
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medial to the exit of the spermatic 
cord, has been done with fine sutures 
of silk or nylon. This part of the oper- 
ation has been considered important 
but has probably been more meticu- 
lously done by the more experienced 
surgeons. The nylon darn itself has 
been done between the conjoined ten- 
don and the inguinal ligament. Mono- 
filament nylon, 0 or 1 (the latter 
being favored on grounds of better 
endurance), has been used. The darn 
is made without any tension, on the 
precept that it is unphysiological to 
_ attempt to hold the conjoined tendon 
forcibly down on the inguinal liga- 
ment, as in the conventional Bassini 
operation. Sutures placed in such a 
way almost certainly pull out in many 
instances. Other operations, such as 
the Gallie repair which used strips of 
fascia lata, did reinforce the posterior 
wall of the inguinal canal without 
tension but the material used was 
awkward and time-consuming to 
work with and by its thickness often 
damaged and split the structures 
through which it was stitched. Mono- 
filament nylon passes easily through 
the tissues. It has obvious advantages 
over woven materials should infection 
occur. [ts slippery smooth surface is a 
minor disadvantage in knotting but 
easily overcome by placing two or 
three extra “throws” on the knots. 
The repair has usually been started at 
the medial end of the inguinal canal 
with care taken to make a strong 
reinforcement of the posterior wall 
where it lies behind the external ring. 
The first series of darns or stitches 
are placed to lie obliquely downward 
and outward from the conjoined ten- 
don to the inguinal ligament. They 
are carried well up on the conjoined 
tendon to guard against direct recur- 
rence. Each stitch should preferably 
be locked with a half-hitch as it 
passes through the conjoined tendon. 
The first row of stitches is carried 
well laterally, behind the cord which 
is retracted outward, and securely 
knotted. Horizontal darns, usually 
only three in number, are then car- 
ried from the conjoined tendon and 
internal oblique aponeurosis and 
muscle laterally to the insertion of 
the conjoined tendon medially. These 
pick up and pass through the initial 
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vertical layer on their way. All should 
just fill the area without tension. The 
cord is then replaced in the inguinal 
canal, which is reconstituted by re- 
pairing the external oblique aponeu- 
rosis in front of it with fine inter- 
rupted stitches. 


Patient Selection and Methods 


Patients in the review were those who 
had a darn with monofilament nylon for 
primary oblique or direct hernias. Those 
whose operations were for recurrent her- 
nias were excluded, as were those in the 
early years where braided nylon was used, 
or where there was any form of relieving 
incision such as the “Tanner slice.” For 
ease of follow-up, only those patients who 
lived in the London area were included. 

The majority of patients were examined 
personally in the follow-up clinic. A few 
were also included who were unable to at- 
tend but were examined by their general 
practitioner or sent letters of reply, which 
were felt to be sufficiently reliable. 

In those patients who had developed a 
recurrent hernia and subsequently had a 
further operation, operative details were 
noted. Where necessary these were ob- 
tained by writing to surgeons at other hos- 
pitals. 


Results 


There were 186 primary hernia re- 
pairs performed in 167 patients, 84 on 
the right, 64 on the left, and 19 bilat- 
erally. One hundred and sixty-three 
were men and four were women, with 
an age range of 23 to 79 years (aver- 
age 52 years). 

The interval between operation 
and follow-up was 5 to 12 years. 
There was a total of 14 recurrent her- 
nias (7.5%), and symptoms of recur- 
rence were first noticed from three 
months to nine years after operation, 
with an average of 3% years. 

Oblique Hernia.—The total number 
of nylon darn repairs performed for 
oblique hernias was 118. There were 
five recurrent hernias (4.2%). One 
hundred and three patients were ex- 
amined in the clinic. 

All five patients with recurrences 
had further repairs performed. Four 
of these patients were found to have 
recurrent oblique hernias, and one a 
direct hernia. In one of the four with 
recurrent oblique hernias, it has been 
noted at the original operation that 
no hernial sac could be found, though 





this was found a few months later at 
the operation for “recurrence.” Three 
of the patients with an oblique recur- 
rence did not have reinforcement of 
the deep ring by plicating the trans- 
versalis fascia at the original oper- 
ation. In the fourth patient this was 
done at the original operation, using 
thread to plicate the fascia in addi- 
tion to a nylon darn, but at his subse- 
quent operation for recurrence it was 
noted that there was no nylon within 
an inch of the deep ring. 

Direct Hernia.—The total number of 
nylon darn repairs for direct hernias 
was 68. There were nine recurrent 
hernias (13.2%). Fifty-five patients 
were examined in the clinic. 

Eight of the nine patients with re- 
currences had further operations per- 
formed, and one was on the waiting 
list for a further operation. Of these 
eight, all had a direct recurrent her- 
nia. In five cases the recurrence was 
medial to the darn, just above the pu- 
bie tubercle; in two the recurrence 
was through muscle or conjoined ten- 
don above the repair; and in one the 
recurrence was through the darn. 

Postoperative Complications.—Four 
patients developed a hematoma fol- 
lowing operation (2.2%) one of whom 
subsequently developed a recurrent 
hernia. Wound infection occurred in 
three patients (1.6%) of whom one 
subsequently developed a recurrent 
hernia. The infection resolved in all 
three without requiring removal of 
the nylon. 

Experience of the Surgeon.—Only 
five of the operations were performed 
by consultants, with no recurrences. 
Sixty-two were performed by senior 
registrars with three recurrences 
(4.8%), 94 by registrars with eight re- 
currences (8.5%), and 19 by house sur- 
geons with three recurrences (15.8%). 
It is interesting to note that six of 
the operations performed by house 
surgeons were for direct hernias, and 
two of these patients developed re- 
currences (33.3%). 


Comment 


These results with a nylon darn 
compare favorably with previously 
reported series at St. Thomas’s Hospi- 
tal when a variety of techniques of 
repair have been used (Table). In 
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these series the lengths of Zollow-up 
were comparable: 1934: 5 to 9 years’; 
1943: 4 to 10 years‘; 1960: 4 to 12 years’; 
1972: 5 to 12 years. However, these re- 
sults are not as good as those of other 
series where a nylon repair was used. 
For example, Moloney? reported a re- 
currence rate of 0.8% and Leacock and 
Rowley* had a failure rate of 2.3%. 
This indicates that in some cases of 
the series the technique was faulty 
and the analysis of the details of 
those patients with a recurrent her- 
nia is helpful in trying to improve 
technique. 

In the case of the oblique hernias 
we feel it is wise to reinforce the deep 
ring on the medial side by plication of 
the transversalis fascia. In this hospi- 
tal silk or linen thread has mainly 
been used for this, but it might be 
wiser to use nylon, since it retains its 
tensile strength. In particular, the 
nylon darn repair should reinforce the 
deep ring in operations for oblique 
hernia. 

The case in which no sac was found 
at the first operation is an example of 
what is called a “missed” hernia, 
rather than a recurrence. Direct and 
indirect hernias may coexist and 
when operating for one, an examina- 
tion should be made for the other and 
for a femoral hernia, by inserting a 
finger through the sac when it has 
been opened. 

In the case of direct hernias it is ob- 
viously important to ensure that the 
darn extends medially as this was the 
commonest site of recurrence. Per- 
haps less widely realized is the possi- 
bility of the hernia recurring above 
the darn, and it is obviously wise to 
extend the darn superiorly on te the con- 
joined tendon and internal oblique 
muscle, rather than just covering the 
posterior wall of the inguinal canal. It 
is also important to keep the spaces in 
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Percentage of Recurrent Hernia 
in Successive Series 
at St. Thomas’s Hospital 


Series 
Oblique 
hernia 20 12 14 4 
Direct 

hernia 25 35 18,112 
All inguinal 

hernia Sai 15 15 7.5 


1934 1943 1960 1972 





the darn small, and Moloney’ advised 
that these should be no bigger than 
an eighth to a quarter of an inch. In 
addition it is wise to use a locking 
stitch, so that the spaces in the darn 
will not enlarge. 

Comparison With Previous Collective 
Series.—Comparison with other collec- 
tive series is more valid than those of 
individual master surgeons. We have 
not found in recent literature any 
similar reviews of comparable collec- 
tive series done by a variety of work- 
ing surgeons and we therefore limit 
our comparison to follow-up studies 
done at St. Thomas’s through the 
years. It must be emphasized once 
again that these are operations done 
by surgeons of very mixed experi- 
ence, ability, and interest, including 
the most junior undergoing training. 
They cannot be compared to the re- 
sults of skilled, individual enthu- 
siasts. They represent what might be 
expected in general widespread prac- 
tical surgery. 

The results of previous collective 
series studied at St. Thomas’s are 
compared in the Table. The methods 
chiefly used in the older series up to 
1934 were the Foster or Bassini her- 
niotomy’*; to 1943, herniotomy or Gal- 
lie repair‘; and to 1960, herniotomy 
(Bassini type) and nylon darn.’ Shut- 
tleworth and Davies, in reviewing 
the 1960 series, noted better results 


with a nylon darn but the number of 
cases, less than a fifth of the total, did 
not allow a really firm conclusion to 
be drawn. 
The results are better in the pres- 
ent (1972) series. We think that this is 
chiefly due to the improved operative 
method but there are undoubtedly 
other factors. Improved anesthesia 
has facilitated the repair and reduced 
the stresses caused by straining, vom- 
iting, and coughing. The size of the 
hernias has also been in general 
smaller in the latter series due to pa- 
tients seeking surgical advice at an 


earlier stage in the disease. These, 


however, are of minor importance 
and do not affect our main conclusion 
that the nylon darn operation repre- 
sents a real advance in technique and 
results in everyday, routine surgical 
practice. 


Some of the patients included in this study had 
been under the care of the surgical professorial 
unit. We thank the surgeons in charge of the 


other units at St. Thomas’s for permission to 


study their patients. 
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Lederle Laboratories presents 
EXPLORATIONS IN ANTIMICROBIAL THERAPY 





DISCOVER 


microbial specificity in a wide range of 
hospital infections due to susceptible 
pathogens* 





MINOCYCLINE HCI 
INTRAVENOUS 100 mg/vial 


Meets bacterial 
challenges 
in the hospital 










MINOCIN Minocycline HCI 
Intravenous administered 
in dosages identical to 
the usual oral regimen of 
MINOCIN, 200 mg 
initially, 100 mg q.12 h., 
provides prompt 
antimicrobialserum 
levels to control in- 
fections caused by 
susceptible patho- - 
gens in the hospital 


importance, such as 
susceptible Bacteroides sp., 
Clostridium sp. and Mima- 
Herellea sp., implicated 
in postsurgical G.I. and 
G.U. infections; and 
against populations of 
ecognized importance 
such as E. coli and 
Klebsiella sp. (See 
Table IlI.) 


MINOCIN I.V. used 


MINOCIN can be as recommended 
effective in the rarely results in 
treatment of pneu- thrombophlebitis. 
monia, skin and If MINOCIN I.V. is 
soft tissue infec- given over pro- 
tions, bacteremia longed periods, 


however, throm- 
bophlebitis may 


and septicemia. In 
hospital infections, 


it can be useful occur. In all appli- 
against populations cable cases, oral 
of pathogens MINOCIN should be 


instituted as soon as 
possible. 


assuming increasing 


*When bacteriologic testing indicates appropriate 
susceptibility to MINOCIN Minocycline HCI. 





MINOCIN minocycline HCI TOODE k 7 
penetration levels after oral administration: S 
respiratory, G.I., G.U. and other tissues/fluids 7 


TABLE | 





















AVERAGE CON- AVERAGE CON- 
TISSUE OR NUMBER OF CENTRATION CENTRATION | 
BODY FLUID SPECIMENS mcg/gm OR mi mcg/gm OR ml a 
APPENDIX . 
BILE | 
BLADDER ; 
BREASTS P PONA E ea RECTUM $ 
COLON SALIVA | 
SINUS (MUCOUS 
FALLOPIAN TUBE SKIN 5 
GALLBLADDER OE PE a a | 
> | JEJUNUM ) 
KIDNEY | 
LIVER : 
LUNG ! 
The major part of the data in humans was derived from the pharmacologic trial in patients scheduled for various types of surgery. 
They were given the MINOCIN loading dose of 200 mg initially followed by 100 mg at 12-hour intervals for four days. At the time of 
surgery, a blood sample was drawn and a two-gram specimen of excised tissue was reserved for analysis. 
TABLE Il 
OVERCOME SUSEESTIBLE HOSPITAL PATHOGENS: AGAINST 421 STRAINS OF VARIOUS BACTERIA. 
INCLUDING PATHOGENS AND NONPATHOGENS?++ 
NUMBER OF 
SITES OF SURGERY/INFECTION 
PATHOGEN” (NOT INCLUSIVE) ORGANISM TESTED MISI 
« Bacteroides sp. Gallbladder 
Lower G.I. Tract 
Female G.U. Tract Staphylococcus aureus 56 56 
Diplococcus pneumoniae 35 31 
Clostridium sp. _ Gallbladder Streptococcus, group A 63 57 
: Streptococcus, group B 12 6 i : : 
E. coli Prostate a 
Gl Tract Streptococcus, group C 3 3 
G.U. Tract Streptococcus, group G 3 3 
Streptococcus viridans 31 30 
Klebsiella sp. Respiratory Tract Enterococcus 36 6 f 
G.U. Tract Neisseria gonorrhoeae 25 21 
f a ai Hemophilus influenzae 15 1 
. pneumoniae + A Escherichia coli 48 32 
Proteus sp. 34 . 
Enterobacter G.I. Tract ; Bait k Ad 
(Aerobacter) G.U. Tract Klebsiella 17 9 = 
4 Enterobacter aerogenes 3 3 y 
H. influenzae Respiratory Tract - Enterobacter cloacae vi 3 
Serratia 4 4 
Enterococcus Lower Bowel Herellea 7 7 
G.I. Tract : 
Mima polymorpha 1 1 
Pseudomona ] tT 15 
Mima-Herellea sp. Urethra ign oh dw z 
Vaginal Tract 
Staphylococcus aureus*** Skin and Soft Tissue 
_ *When bacteriologic testing indicates appropriate susceptibility to + No direct correlation should be inferred eon in vitro and 
MINOCIN Minocycline HČI. in vivo activity. 
=- **MINOCIN not active against Proteus sp. or Pseudomonas. +f No approved clinical indication for MINOCIN therapy in infections 
a ***Tetracyclines are not the drug of choice in the treatment of any type of due to Proteus sp., Pseudomonas. Fai 
staphylococcal infections. MINOCIN is indicated for treatment of +++ Includes two strains of P. morganii and P. rettgeri and 32 of 
Staphylococcus aureus in skin and soft tissue infections only when P. mirabilis. . 


bacteriologic tests indicate appropriate susceptibility to the drug. 


Before prescribing MINOCIN, please refer to the prescribing information for full description 
l Lederle } of adverse effects and precautions, a copy of which is on the last page of this advertisement. - 
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DISCOVER 


the meaning of microbial specificity with 








MINOCYCLINE HCI 


semisynthetic tetracycline 
for office and hospital 


MINOCIN provides 
effective therapy with 
relatively few problems 


® Penetrates tissues of respiratory, G.I. and 
G.U. tracts, skin and muscle. 


® No photosensitivity to date. 


® Well absorbed even with food, dairy 
products or colas. 


® Enamel hypoplasia/tooth staining can 
occur in children under eight. 


® if renal impairment exists, lower than 
usual doses are indicated. (See WARNING 
in Package Insert.) 


® Lightheadedness that may occur is tran- 
sient, disappearing during therapy or always 
after therapy is completed. 


® Dosage form flexibility: supplied as 50 mg 
and 100 mg capsules, 50 mg/5 cc syrup, and 
100 mg/vial intravenous. 





Lederle Laboratories 
ederle A Division of American Cyanamid Company 
Pearl River, N.Y. 10965 


NEW 
50 mg 
CAPSULE 


_.if more 
frequent doses 
are preferred 







et. Te 


MINOCIN’ Minocycline Hydrochloride 


Oral and Intravenous 


DESCRIPTION: MINOCIN minocycline hydrochlo- 
ride is a semi-synthetic derivative of tetracycline. 
7-dimethylamino-6-deoxy-6-demethyltetracycline 
hydrochloride. 


Intravenous: Each vial, dried by cryodesiccation, 
containssterile Minocycline Hydrochloride equiva- 
lent to 100 mg. Minocycline. When reconstituted 
with 5 cc. of Sterile Water For Injection the pH 
ranges from 2.0to2.8 


ACTIONS: Microbiology. The tetracyclines are pri- 
marily bacteriostatic and are thought to exert their 
antimicrobial effect by the inhibition of protein syn- 
thesis. Minocycline HCI is a tetracycline with anti- 
bacterial activity comparable to other tetracyclines 
with activity against a wide range of gram-negative 
and gram-positive organisms. 

Tube dilution testing: Microorganisms may be 
considered susceptible (likely to respond to mino- 
cycline therapy) if the minimum inhibitory concen- 
tration (M.1.C.) is not more than 4.0 mcg./mi. Micro- 
organisms may be considered intermediate 
(harboring partial resistance) if the M.1.C. is 4.0 to 
12.5meceg./ml. and resistant (not likely to respond to 
minocycline therapy) if the M.I-C. is greater than 
12.5 meg./mi. 

Susceptibility plate testing: If the Kirby-Bauer 
method of susceptibility testing (using a 30 mca. 
tetracycline disc) gives'a zone of 18 mm. or greater, 
the bacterial strain is considered to be susceptible 
to any tetracycline. Minocycline shows moderate 
in vitro- activity against certain strains of 
staphylococci which have been found resistant to 
other tetracyclines. For such strains minocycline 
susceptibility powder may be used for additional 
susceptibility testing. 


INDICATIONS. MINOCIN minocycline HC! is indi- 
cated in infections caused by the following micro- 
organisms: 

Rickettsiae: (Rocky Mountain spotted fever, ty- 

phus fever and the typhus group. Q fever. rickett- 

sialpox, tick fevers.) 

Mycoplasma pneumoniae (PPLO, Eaton agent). 

Agents of psittacosis and ornithosis. Agents of 

lymphogranuloma venereum and granuloma in- 

guinale. The spirochetal agent of relapsing fever 

(Borrelia recurrentis). The following gram-nega- 

tive micro-organisms: Hemophilus ducreyi 

(chancroid), Pasteurella pestis and Pasteurella 

tularensis, Bartonella bacilliformis, Bacteroides 

species. Vibrio comma and Vibrio fetus. Brucella 
species (in conjunction with streptomycin). 

Because many strains of the following groups of 
micro-organisms have been shown to be resistant 
to tetracyclines, culture and susceptibility testing 
are recommended. 

MINOCIN minocycline HCI is indicated for treat- 
ment of infections caused by the following gram- 
negative micro-organisms, when bacteriologic test- 
ing indicates appropriate susceptibility to the drug: 

Escherichia coli, Enterobacter aerogenes (for- 

merly Aerobacter aerogenes). Shigella species, 

Mima species and Herel/ea species, Haemo- 

philus influenzae (respiratory infections), Kleb- 

siella species (respiratory and urinary infections). 

MINOCIN is indicated for treatment of infections 

caused by the following gram-positive micro-or- 
ganisms when bacteriologic testing indicates ap- 
propriate susceptibility to the drug: 
Streptococcus species: Up to 44 percent of strains 
of Streptococcus pyogenes and 74 percent of 
Streptococcus faecalis have been found to be re- 
sistant to tetracycline drugs. Therefore, tetracy- 
clines should not be used for streptococcal disease 
unless the organism has been demonstrated to be 
sensitive. 

For upper-respiratory infections due to group A 
beta-hemolytic streptococci, penicillin is the usual 
drug of choice, including prophylaxis of rheumatic 


fever. \ 
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-= ADULT DOSAGE PEDIATRIC DOSAGE Er 
. (GENERAL) (GENERAL) HOW SUPPLIED 
MINOCIN IV. 
100 mg/Vial 
lca 200 mg initially, 4 mg/kg initially, 1 Vial 100 mg 
< = 100 mg q. 12 h. 2 mg/kg q. 12 h. Box of 100 Vials 


MINOCIN Capsules 200 mg initially, 


4 mg/kg initially, Bottles of 50's and 100's; 
1am 100 mga. 12h. 2 mg/kg q. 12 h. Unit dose 10 x 10's. 
z MINOCIN Capsules 100 mg or 200 mg ai hess 
i DA gp aas 4 mg/kg initially, , 
50 mg | 3 als 50 mg 2 ma/kaa. 12 h, Bottles of 100's 


MINOCIN Syrup 
50 mg/5 cc 


2 teaspoonfuls 
(100 mg) initially, 
1 teaspoonful 
(50 mg) q.i.d. 


4 mg/kg initially. 


2 mg/kg q. 12 h. 2-fluidounce Bottles 


Diplococcus pneumoniae, 

Staphylococcus aureus, skin and soft tissue infec- 
tions. Tetracyclines are not the drug af choice in the 
treatment of any type of staphylococcal nfection. 

When penicillin is contraindicated. tetracyclines 
ae alternative drugs in the treatment of infections 

ue to: 

Neisseria gonorrhoeae, Treponema pallidum and 

Treponema pertenue (syphilis and yaws), Listeria 

monocytogenes, Clostridium species, Bacillus 

anthracis, Fusobacterium fusiforme (Vincent's 
infection), Actinomyces species. 

In acute intestinal amebiasis, the tetracyclines 
may be a useful adjunct to amebicides. 

MINOCIN is indicated in the treatment of tracho- 
ma, although the infectious agent ts not always 
eliminated, as judged by immunofluorescence. In- 
clusion conjunctivitis may be treated with oral tetra- 
cyclines or with a combination of oral and tcpical 
agents. 


Oral only: In severe acne, the tetracyclines may 
be useful adjunctive therapy. Minocycline is indi- 
cated in the treatment of asymptométic zarriers of 
N. meningitidis to eliminate meningococsi from the 
nasopharynx. 

In order to preserve the usefulness of MINOCIN 


minocycline HC! in the treatment of asymptomatic _ 


meningococcal carriers, diagnostic laboratory pro- 
cedures, including serotyping and susceptibility 
testing, should be performedto establish the carrier 
state and the correct treatment. It is recammended 
that the drug be reserved for situations in which the 
risk of Meningococcal meningitis is high. 

Minocycline is not indicated for the treatment of 
meningococcal infection. 


CONTRAINDICATIONS. This drug is contraindi- 
cated in persons who have shown hypersensitivity 
to any of the tetracyclines. 


WARNINGS. In the presence of renal dysfunction, 
particularly in pregnancy, intravenous tetracycline’ 
therapy in daily doses exceeding 2 grams has been 
associated with deaths through liver failure. 

When theneed for intensive treatment outweighs 
its potential dangers (mostly during pregnancy or in 
individuals with known or suspected renal or liver 
impairment), itis advisable to perform renal andliver 
function tests before and during therapy. Also tetra- 
cycline serum concentrations should be ‘ollowed. 

if renal impairment exists. even usual cral or par- 
enteral doses may lead to excessive systemic accu- 
mulation of the drug and possible liver toxicity. 
Under such conditions, lower than usual total doses 
are indicated, and if therapy is prolonged, serum 
level determinations of the drug may be advisable. 
This hazardis of particular importance in the paren- 
teral administration of tetracyclines te pregnant or 
post-partum patients with pyelonephritis. When 
used under these circumstances, the blood level 
should not exceed 15 micrograms/ml. and liver 
function tests should be made at frequent intervals. 
Other potentially hepatotoxic drugs should not be 
prescribed concomitantly. 

The use of tetracyclines during taoth develop- 
ment (last half of pregnancy, infancy, and childhood 
to the age of 8 years) may cause permanent dis- 
coloration of the teeth (yellow-gray-browr ). This ad- 
verse reaction is more common during tong-term 
use of the drugs but has been observed following 
repeated short-term courses. Enamel hypoplasia 
has also been reported. Tetracyclines, therefore, 


should not be used in this age group unless other 


drugs are not likely to be effective or are contra- 
indicated. 

Photosensitivity manifested by an exeggerated 
sunburn reaction has been observed in some indi- 
viduals taking tetracyclines. Patients apt to be ex- 
posed to direct sunlight or ultraviolet lignt should 
be advised that this reaction can occur with tetra- 


cycline drugs, and treatment should be discontin- 


ued at the first evidence of skin erythema. Studies 
todate indicate that photosensitivity dees not occur 


with MINOCIN minocycline HCI. 
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The antianabolic action of the tetracyclines may 
cause an increase in BUN. While this is not a prob- 
lem in those with normal renal function, in patients 
with significantly impaired function, higher serum 
levels of tetracycline may lead to azotemia, hyper- 
phosphatemia, and acidosis. 

CNS side effects including lightheadedness, diz- 
ziness or vertigo have been reported. Patients who 
experience these symptoms should be cautioned 
about driving vehicles or using hazardous machin- 
ery while on minocycline therapy. These symptoms 
may disappear during therapy and always dis- 
appear rapidly when the drug is discontinued. 


Usage in Pregnancy. (See above Warnings about 
use during tooth development.) 

Results of animal studies indicate that tetracy- 
clines cross the placenta, are found in fetal tissues 
and can have toxic effects on the developing fetus 
(often related to retardation of skeletal develop- 
ment). Evidence of embryotoxicity has also been 
noted in animals treated early in pregnancy. 


Usage in newborns, infants, and children. (See 
nets “Warnings about use during tooth develop- 
ment. 

Alltetracyclines form a stable calcium complex in 
any bone forming tissue. A decrease in the fibula 
growth rate has been observed in prematures given 
oral tetracycline in doses of 25 mg./kg. every 6 
hours. This reaction was shown to be reversible 
when the drug was discontinued. 

Tetracyclines are present in the milk of lactating 
women who are taking a drug in this class. 


PRECAUTIONS. As with other antibiotics prepara- 
tions, use of this drug may result in overgrowth of 
nonsusceptible organisms, including fungi. If super- 
infection occurs. the antibiotic should be discon- 
tinued and appropriatetherapy should be instituted. 

In venereal diseases when coexistent syphilis is 
suspected, darkfield examination should be done 
before treatment is started and the blood serology 
repeated monthly for at least 4 months. 

Because tetracyclines have been shown to de- 
press plasma prothrombin activity, patients who are 
on anticoagulant therapy may require downward 
adjustment of their anticoagulant dosage. 

In long-term therapy, periodic laboratory evalua- 
tion of organ systems, including hematopoietic, 
renal and hepatic studies should be performed. 

All infections due to Group A beta-hemolytic 
streptococci should be treated for at least 10 days. 

Since bacteriostatic drugs may interfere with the 
bactericidal action of penicillin, it is advisable to 
“oe giving tetracycline in conjunction with peni- 
cillin. 


ADVERSE REACTIONS. Gastrointestinal: Ano- 
rexia, nausea, vomiting, diarrhea, glossitis, dys- 
phagia, enterocolitis, and inflammatory lesions 
(with monilial overgrowth) in the anogenital region. 

These reactions have been caused by both the 
oral and parenteral administration of tetracyclines. 
Skin: Maculopapular and erythematous rashes. 
Exfoliative dermatitis has been reported but is un- 
common. Photosensitivity is discussed above. (See 


“Warnings.’) Renal toxicity: Rise in BUN has been 


reported and is apparently dose related. (See 
“Warnings.’) Hypersensitivity reactions: Urticaria, 
angioneurotic edema, anaphylaxis. anaphylactoid 
purpura, pericarditis and exacerbation of systemic 
lupus erythematosus. Bulging fontanels have been 
reported in young infants following full therapeutic 
dosage. This sign disappeared rapidly when the 
drug was discontinued. Blood: Hemolytic anemia. 
thrombocytopenia, neutropenia and eosinophilia 
have been reported. CNS: (See ’ Warnings.) When 
given over prolonged periods, tetracyclines have 
been reportedto produce brown-black microscopic 
discoloration of thyroid glands. No abnormalities 
of thyroid function studies are known to occur. 


DOSAGE ANDADMINISTRATION: ORAL.Therapy | 


should be continued for at least 24-48 hours after 





symptoms and fever have subsided. 7 

Concomitant therapy: Antacids containing 
aluminum. calcium. or magnesium impair absorp- 
tion and should not be given to patients taking oral 
tetracycline. i 

Studiesfodatehaveindicated thatthe absorption — 
of MINOCIN is not notably influenced by foods and 
dairy products 

In patients with renal impairment: (See “Warn- 
ings.) Total dosage should be decreased by reduc- 
tion of recommended individual doses and/or by 
extending time intervals between doses. 

In the treatment of streptococcal infections. a 


therapeutic dose of tetracycline should be adminis- A a 


tered for at least 10 days 

ADULTS: The usual dosage of MINOCIN minocy- 
cline HCI is 200 mg. initially followed by 100 mg. 
every 12hours: Alternatively. if more frequent doses 
are._preferred. two or four 50 mg. capsules may be 
given initially followed by one 50 mg. capsule four 
times daily. Á 

CHILDREN: The usual dosage of MINOCIN mino- 
cycline HCI is 4 mg_/Kg. initially followed by 2 mg / 
Kg. every 12 hours. 

Fortreatment of syphilis. the usual dosage of 
MINOCIN should be administered over a period of 
10-15 days. Close followup. including laboratory. 
tests. is recommended. 


Gonorrhea patients sensitive to penicillin maybe  —__ 3 


treated with MINOCIN. administered as 200 mg. 
initially followed by 100 mg. every twelve hours for 
a minimum of 4 days. with post-therapy cultures 
within 2-3 days 

In the treatment of meningococcal carrier state 
recommended dose is 100 mg every 12 hours for — 
five days. 


DOSAGE AND ADMINISTRATION: INTRAVE- 
NOUS. Note: Rapid administration is to be avoided — 


Parenteral therapy is indicated only when oral 


therapy is not adequate or tolerated Oral therapy 
should be instituted as soon as possible. If intrave- 
nous therapy is given over prolonged periods of 
time. thrombophlebitis may result 

ADULTS: Usual adult dose: 200 mg. followed by 
100 mg. every 12 hours and should not exceed 


400 mg. in 24 hours The drug should be initially dis- 


solvedand then further diluted to 500-1,000cc.with - 
either Sodium Chloride Injection USP, Dextrose 
Injection USP, Dextrose and Sodium Chloride In- | 
jection USP. Ringers Injection USP, or Lactated — 
Ringers Injection USP but not in other solution | 
containing calcium (a precipitate may form). mg 

The reconstituted solutions are stable at room 
temperature for 24 hours without significant loss of ~ 
potency. Any unused portions must be discarded 
after that period. The final dilution for administration > 
should be administered immediately 

CHILDREN: Usual pediatric dose: 4 mg/kg. fol- 
lowed by 2 mg./kg. every 12 hours i 
Io pares with renal impairment: (See “Warn- 
ings. 

Total dosage should be decreased by reduction of 
recommended individual doses and/or by extend- 
ing time intervals between doses. 


HOW SUPPLIED. Capsules— Minocycline Hydro- 


chloride equivalent to 100 mg. Minocycline. Hard- 


shell purple and orange. Bottles of 50 and 100; Unit 
Dose 10 x 10's. Product No: 5301. 

Minocycline Hydrochloride equivalent to 50 mg. 
Minocycline. Hardshell orange. Bottles of 100 and 
Unit Dose 10 x 10's. Product No. 5300. 

Syrup — Minocycline Hydrochloride equivalent 
to 50 mg. Minocycline per teaspoonful (5 cc). Pre- 
served with propylparaben 0.10%and butylparaben 
0.06% with Alcohol USP 5% v/v. Custard-flavored in 
bottles of 2 fl.oz. Product No. 5313 

Intravenous—100 mg. vials of sterile cryodesic- 
cated powder. Product No. 5305. (Combined 5/73) 


MILITARY FSN 6505-149-0574 100mg I.V. 
MILITARY FSN 6505-003-5112 
VA FSN 6505-003-5112A } 100 mg capsules (50s) 
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Oral Elemental Diet 


A New Bowel Preparation 


CDR Willard C. Johnson, MC, USNR, Chelsea, Mass 


Fourteen patients were prepared for co- 
lonic surgery with an oral elemental diet 
over a period of four to five days prior to sur- 
gery. These patients were compared to 17 
similar patients conventionally prepared 
with antibiotics and mechanical cleansing 


with regard to incidence of infection. There 


was no enterocolitis in either group, and the 
incidence of wound infection was the same. 
Additional advantages of the oral elemental 
diet as a bowel preparation are discussed. 


he widespread use of antibiotic 
agents in patients undergoing 
colonic surgery has significantly 
affected postoperative morbidity 
and mortality. In general these 
agents have been beneficial, but in 
several aspects they have been unde- 
sirable and occasionally dangerous. 
Moreover, the selection, dosage, and 
usefulness of antibiotics has become 
controversial in recent years.’ 

The marked reduction in mortality 
after colonic surgical procedures 
which followed the introduction of 
sulfonamides, penicillin, and the 
broad-spectrum antibiotics had fre- 
quently been attributed to their anti- 
bacterial effectiveness alone. It must 
be kept in mind, however, that ad- 
vances in surgical technique and an- 
esthesia, and the availability of blood 
transfusions and other supportive 
therapy, have also contributed signif- 
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icantly to the improvement in surgi- 
cal results since the onset of anti- 
biotic therapy. 

There are a few drawbacks to the 
conventional methods of preparing 
the bowel. Patients frequently arrive 
on the day of surgery in a catabolic 
state, having been without adequate 
caloric intake for several days. The 
effects of such mild malnutrition 
imposed upon preoperative surgical 
patients is difficult to quantitate. 
However, hypoproteinemia leads to 
delayed “opening” of an anastomotic 
stoma;? wound dehiscence is encoun- 
tered more often in protein-depleted 
states;? and impaired antibody pro- 
duction’ and decreased resistance to 
infections*® are known to occur in the 
presence of hypoproteinemia. Pa- 
tients are also frequently dehydrated, 
secondary to fluid restriction and the 
effects of cathartics over a period of 
several days. This dehydration and 
associated hypovolemia may pre- 
dispose to intraoperative hypotension 
and associated complications of myo- 
cardial ischemia, renal tubular injury, 
and cerebral vascular ischemia. 

Despite the use of an antibiotic 
preparation, the incidence of wound 
infection is still quite high, varying 
between 10% to 30% in different re- 
ported series.’-'’ The risk of enteroco- 
litis associated with intraluminal an- 
tibiotics is something that is not too 
often emphasized, although occurring 
in up to 2% of patients so treated." 
However, enterocolitis has in one 
series accounted for 25% of the oper- 
ative mortality in patients who un- 
derwent colonic surgery.’ 

An oral elemental diet, Vivonex, 
has recently been introduced, the 
composition of which is presented in 
Table 1. It contains twice the daily 
minimal requirements of essential 
amino acids; the daily requirements 


of vitamins, minerals, and fats; and 
approximately 1,470 calories of glu- 
cose. This diet was administered to a 
group of inmates in California for a 
period of six months, during which 
time the metabolic effects were stud- 
ied. The inmates maintained an 
anabolic state. If they were over- 
weight, their weight tended to de- 
crease to a more normal weight; if 
they were underweight, their weight 
increased to a more normal level. Se- 
rum albumin level remained normal; 
serum blood urea nitrogen level de- 
creased, as did the serum cholesterol 
level. There were also decreases in the 
pancreatic and biliary secretions. 
There was a marked reduction in fe- 
cal bulk, from an average of 160 
gm/day to approximately 50 gm/day 
(usually resulting in a bowel move- 
ment only every four to seven days). 

Even more noteworthy is the reduc- 
tion of intestinal flora.” The most 
frequent organisms, the coliforms, 
bacteroides, and enterococci (Figure) 
showed a reduction from about 10° to 
approximately 10° after five days ona 
regimen of Vivonex. The less fre- 
quent organisms of Bacillus subtilis, 
lactobacilli, clostridia, and yeasts es- 
sentially disappeared after this pe- 
riod of time. The absence of over- 
growth of pathologic bacteria, ie, no 
Staphylococcus overgrowth, may be 
even more important. Altemeier et al, 
studying patients who had undergone 
neomycin sulfate colonic bowel prepa- 
ration for five days, have noted that 
pathologic staphylococci could be colo- 
nized from the stool as frequently as 
80% of the time.'’*'* The mechanism 
for the reduction in bacteria with an 
elemental diet preparation (ie, Vivo- 
nex) is thought to be twofold: (1) 
starvation of colonic bacteria, as all 
nutrients are absorbed in the small 
intestine and (2) reduction in resident 
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sites for bacterial colonization with 
the reduction in bulk of fecal mate- 
rial. 


Clinical Study 


The potentially beneficial effects of an 
elemental diet upon the colon prompted 
this investigation to evaluate the effi- 
cieney of this agent in preparing patients 
prior to elective colonic surgery. 

Fourteen patients were treated with 
Vivonex (1,800 calories per day) during a 
four to five day preoperative period. On 
the day of admission, after a normal 
breakfast, these patients were placed on a 
regimen of 80 gm Vivonex mixed in 266 ml 
of water, which was repeated every four to 
six hours throughout the preoperative pe- 
riod. A cleansing enema was given the 
morning after admission and another the 
evening prior to surgery. Administration 
of Vivonex was discontinued the night be- 
fore surgery, after which the patients 
were kept on nothing by mouth. 

This group was compared, by a retro- 
spective analysis, to 17 comparable pa- 
tients who had been conventionally 
prepared with neomycin and _ phthalyl- 
sulfathiazole, mechanical cleansing, and, 
infrequently, systemic antibioties. 


Results 


The data (Table 2) show that in 
comparing the two groups there are 
essentially no statistical differences 
between them. No enterocolitis was 
experienced in either group. The 
incidence of deep wound infection 
was essentially the same in each 
group. There was one death among 
the conventionally treated patients. 
A 32-year-old man with granula- 
matous enteritis who had had a previ- 
ous ileoproctostomy was readmitted 
for recurrent disease in his residual 
rectum. He was scheduled for elective 
rectal excision with bowel prepara- 
tion by mechanical cleansing and sys- 
temic antibiotics. Postoperatively, he 
had a very difficult course associated 
with Pseudomonas infection, which fi- 
nally lead to his death from sepsis 
and renal failure. 

Vivonex was uniformly unappeal- 
ing in taste to all patients. It was 
considered medicinal rather than food 
to relish; however, it was not refused 
by any patient. In itself a hypertonic 
solution, Vivonex led to mild nausea 
in some patients, but this was reme- 
died by diluting the solution. The cost 
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No. of Bacteria per Gram Wet Feces Log Count 


A = Coliforms 

B = Bacteroides 

C = Enterococci 

D = Bacillus subtilis 
E = Lactobacilli 

F = Clostridia 


G = Yeasts 


3 4 
Days on Vivonex 


Depression in colonic bacteria while injesting an oral 


elemental diet Vivonex. (Data from Winitz et al”) 


Table 1.—Composition of Vivonex 
(for each 1,800 cal) 


L-Lysine X HCI 2.32 
L-Leucine 2.55 
L-Isoleucine 1.62 
L-Valine 1.78 
L-Phenylalanine 1.16 
L-Arginine X HCI 1.72 
L-Histidine X HCL X H20 1.06 
L-Methionine 1.16 
L-Alanine 172 


Amino Acids, gm 


Sodium L-aspartate 
L-Threonine 

L-Proline 

Glycine 

L-Serine 

L-Tyrosine ethyl! ester X HCI 
L-Tryptophan 

L-Glutamine 

L-Cysteine ethyl ester X HCI 


Water-Soluble Vitamins, mg 


Thiamine X HCI 0.67 
Riboflavin 1.0 

Pyridoxine X HCI 1.10 
Niacinamide 6.67 
Inositol 0.55 
d-Calcium pantothenate 5:55 


Potassium iodide .167 mg 


Manganous acetate X 4H20 12.2 
Zinc benzoate 1.88 
Cupric acetate X H20 A E T 
Cobaltous acetate X 4H2 O 1.10 
Sodium glycerophosphate 

X 514H20 3.50 


Glucose 370.0 


mg 
mg 
mg 
mg 


gm 


d-Biotin 

Folic acid 

Ascorbic acid 
Cyanocobalamin 
p-Aminobenzoic acid 
Choline bitartrate 


Salts 
Potassium hydroxide 
Magnesium oxide 
Sodium chloride 
Ferrous gluconate 
Calcium chloride X 2H20 
Sodium benzoate 
Ammonium molybdate X 4H20 


Carbohydrates 


Glucono-ô-lactone 


Fats and Fat-Soluble Vitamins 


Ethyl linoleate 1.33 


gm 


a-Tocopherol acetate 


Vitamin A acetate 2.44 mg Menadione 
Vitamin D 0.038 mg 
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Conventional Bowel Preparation 
Wound Infections* 


No. of 
Operation Patients 


Colostomy closure 8 
Right colectomy SDS 
Left colectomy 


Abdominal perineal 
resection 


Total colectomy 
Total 


Super- 
ficial 


* Wound infections are defined as follows: superficial, infection confined to skin and <1 cm 
cutaneous tissue and skin; deep, extended beneath anterior fascia. 


was approximately $7 a day for about 
1,800 calories. 


Comment 


Patients in our small series ap- 
peared to do as well with regard to in- 
fection as those conventionally pre- 
pared. We found no enterocolitis in 
either group, and the incidence of 
wound infection was similar. A much 
larger series is needed for statistical 
confirmation, and, if indeed an oral 
elemental diet does offer the same 


protection to infection with the ad- 


vantage of maintaining an -anabolic 
state, this method of bowel prepara- 
tion may supersede antibiotic prepa- 
ration. A method of preparation that 
can be extended indefinitely without 
the usual concern of Staphylococcus 
overgrowth is particularly desirable 
in instances of surgical postpone- 
ment. Vivonex may even be given to 
patients with obstructing colonic le- 
sions since the diet is essentially ab- 
sorbed proximal to the lesion. The 
stool is similar to that of the new- 
born, and is capable of passing all but 


the most complete obstructions. 


_ Several newer oral elemental diets 
have been introduced'*® which re- 
portedly have improved palatability 
and lower costs. While our study was 


-= conducted with Vivonex, we would 


expect similar efficacy with those 


diets. 
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Subcu- 
taneous 


No. of 
Deaths Patients 


0) 4 
3 
4 


Entero- 


Deep colitis 


This investigation was supported by US Navy 
clinical investigation grant CICC202103. 
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Table 2.—Complications of Elective Colonic Surgery: Retrospective Study 


Vivonex Bowel Preparation 
Wound Infections* 

Subcu- Entero- 
taneous Deep colitis 
0 0 
1 
0 


Deaths 


1 
0 
2 
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Comment 


The authors present a new method of 
preparation of large bowel resection. Its 
advantages are the maintenance of an 
anabolic state, its ability to be used in the 
presence of mild obstruction, and its free- 
dom from a limit of time. Its (not unimpor- 
tant) disadvantage is its lack of palatabil- 
ity. Future experience will tell us where 
the method will rank on the list of choices 
for preparation of colonic cancer patients. 

RICHARD WARREN, MD 
Boston 
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En Bloc Transplantation 


of Pediatric Kidneys 
Into Adult Patients 


Olaf S. Andersen, MB, ChB; Olga Jonasson, MD; 


Frederick K. Merkel, MD, Chicago 


A technique is described for en bloc trans- 
plantation of both kidneys from pediatric ca- 
daver donors into adult recipients whereby 
donor aorta is interposed into recipient ex- 
ternal iliac artery. Three cases utilizing this 
technique are reported and two of these pa- 
tients currently survive with normal renal 
function. The operation is simple to perform, 
adaptable to a variety of situations, and can 
increase the pool of cadaver donors by mak- 
ing small pediatric donors available for adult 
recipients. 


Bassas renal allografts ob- 
tained from young children can 
maintain excellent function, show an 
increase in size, and adequately sup- 
port life in adult hosts.’* In most of 
the cases reported, only one kidney 
was transplanted. En bloc transplan- 
tation of both kidneys attached to 
aorta and vana cava insures ease of 
vascular anastomosis and a nephron 
mass that more nearly approximates 
the needs of the recipient. 

Previous reports of en bloc trans- 
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plantation in the human®* describe 
an end-to-side anastomosis between 
donor and recipient vessels. This 
approach, however, has frequently 
ended in early failure, apparently be- 
cause the donor aorta forms a cul-de- 
sac which predisposes to thrombosis. 
We report here three cases of en bloc 
renal transplantation utilizing a vas- 
cular anastomosis which we believe 

avoids this problem. 


Technique 


The pediatric cadaver donor kidneys are 
approached through a generous midline 
abdominal incision and removed en bloc 
with ureters, aorta, and vena cava.” Both 
ureters are mobilized along with the kid- 
neys and are divided near the bladder. The 
common iliac vessels are transected and 
the aorta is freed proximally to the level of 
the diaphragm, clamping all lumbar and 
splanchnic vessels with vascular clips. Sim- 
ilarly, the vena cava is isolated for a dis- 
tance of 2 cm above and below the renal 
veins, again clipping all lumbar and 
splanchnic branches. At no time is dis- 
section of the renal vasculature carried 
out. The entire specimen is then rapidly 
excised, immersed in iced saline, and per- 
fused with intracellular type perfusion so- 
lution through one of the iliac arteries with 
the cephalad cuff of the aorta clamped or 
ligated. All previously clipped vessels are 
carefully ligated flush with aorta and vena 
cava. 
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The right external iliac vessels of the re- 
cipient are exposed extraperitoneally. A 
short segment of the external iliac artery 
is removed and the donor aorta interposed 
to fill the defect. The donor aorta above the 
renal vessels is anastomosed to the proxi- 
mal end of the cut external iliac artery, 
and the distal donor aorta is anastomosed 
to the distal external iliac artery. The do- 
nor vena cava is split longitudinally to 
form a patch which is sutured end-to-side 
into a similar shaped defect created in the 
external iliac vein. Blood flow to the kidney 
is then established. The ureters are im- 
planted as two separate ureteroneocys- 
tostomies by a standard submucosal tun- 
neling technique.” Details of the procedure 
are shown in Fig 1. 


Posterior Surface 


Report of Cases 


Case 1.—On May 22, 1971, a 51-year-old 
man was admitted to the Chicago Veterans 
Administration Research Hospital for re- 
nal transplantation. The patient had 
chronic glomerulonephritis and end-stage 
renal failure. He had been on chronic he- 
modialysis for nine months. 

An 18-month-old donor dying of brain 
injury became available, and en bloc trans- 
plantation of both kidneys was performed 
Anterior Surface using the technique described. There was a 
total of ten minutes warm ischemia, six 
hours of cold ischemia during trans- 
portation, and 17 hours perfusion time on 
the kidney perfusion apparatus. The pres- 
sure on the kidney perfusion apparatus 
was 54/18 mm Hg and the flow was 65 
ml/min. 

Creatinine and blood urea nitrogen lev- 

Fig 1.—Details of revascularization procedure. A, En bloc removal of donor kid- els fell to 1.8 mg/100 ml and 40 mg/100 ml, 
neys; B, vertical splitting of vena cava to form patch; C, completed anastomosis. respectively, by the tenth day following 
transplantation. The patient subsequently 
died of rejection and pneumonia with sep- 
sis on the 66th postoperative day. At au- 
Fig 2.-Completed en bloc transplanta- topsy, the vascular anastomosis and renal 


tion (case 2). Note recipient's external iliac vessels were patent. 
vessels between the two kidneys. Fig 3.—Renal arteriogram (case 3). Case 2.—On July 26, 1972, a 55-year-old 
a i ; ats Ss PEPE man was admitted to the University of Il- 


linois Hospital for renal transplantation. A 
diagnosis of membranous glomerulone- 
phritis had been made three years earlier 
and a trial of steroid treatment had been 
unsuccessful. Over the preceding six 
months, his renal function had deteri- 
orated and he was placed on hemodialysis. 

The donor was a 9-month-old girl dying 
of a subarachnoid hemorrhage. After re- 
moval, the kidneys were placed on a kidney 
preservation apparatus for 20 hours. Flow 
was 63 ml/min with a diastolic pressure of 
22 mm Hg. Transplantation of both kid- 
neys was carried out with the technique 
described (Fig 2). 

Following revascularization, both donor 
kidneys functioned well with a urine out- 
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put of 6.3 liters during the first 24 hours. A 
technetium 99 perfusion study and iodo- 
hippurate sodium 131 nephregram ob- 
tained 24 hours postoperatively showed ex- 
cellent function. Over the next several 
days, the serum creatinine level fell rap- 
idly and the creatinine clearance level rose 
to 113 ml/min by 13 weeks postoperatively. 
The patient continues to do well ten 
months after transplantation. 

Case 3.—On Dec 22, 1972, a 40-year-old 
man was admitted to Rush-Presbyterian- 
St. Luke’s Medical Center for renal trans- 
plantation. He had been receiving chronic 
hemodialysis for seven months following 
renal failure probably caused dy chronic 
glomerulonephritis. 

The donor was a 2%-year-old boy dying 
of brain injury. The kidneys were excised 
en bloc and preserved on the kidney perfu- 
sion apparatus for 20 hours. The flow was 
112 ml/min, with a diastolic pressure of 20 
mm Hg. Transplantation was carried out 
by the method described. An immediate di- 
uresis occurred, with a urine output of 
3,800 ml during the first 24 hours. The se- 
rum creatinine level rapidly fell to 1.4 
mg/100 ml by the sixth postoperative day. 

An intravenous pyelogram performed on 
the sixth postoperative day was normal, 
and an arteriogram on the 27th postopera- 
tive day demonstrated normal vasculariza- 
tion in both kidneys (Fig 3). The serum 
creatinine level on the 38rd postoperative 
day was 0.7 mg/100 ml and creatinine 
clearance 89 ml/min. Despite steroid-in- 
duced diabetes, he continues to do well. 


Comment 


En bloc transplantation of paired 
donor kidneys was originally de- 
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scribed by Carrel," and was used in 
some of the early xenografting ex- 
periments. In recent years, this 
method has been used clinically in a 
few instances of pediatric- kidney 
transplantation, but always with an 
end-to-side anastomosis of the proxi- 


_ mal donor aorta to the recipient iliac 


artery or aorta. 

The frequent renal arterial throm- 
bosis that has occurred with this tech- 
nique, or with end-to-side transplan- 
tation of single tiny renal arteries to 
the iliac artery, may be due to the re- 
duced blood flow during episodes of 
rejection. When an end-to-side 
anastomosis between donor aorta and 
recipient iliac artery is used, the 
graft forms a cul-de-sac predisposing 
to thrombosis. The only outflow from 
this cul-de-sac is to the kidneys, and 
during periods of rejection with de- 
creased renal blood flow, thrombosis 
is likely. When donor aorta and vena 
cava are interposed into the external 
iliac artery and vein, respectively, 
blood flow characteristics are im- 
proved, and thrombosis is less likely. 
Merkel et al used this principle in seg- 
mental canine pancreatic allografts 
in 1967 with routine technical suc- 
cess.” Baden et al have recently used 
a similar technique in transplanting 
puppy kidneys into adult dogs with 
uniformly good results.’ 

Since the excised segment of iliac 
artery is quite short (2 cm or less), 
end-to-end anastomosis of the proxi- 
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mal and distal portions could proba- 
bly be easily achieved if graft 


nephrectomy was necessary. Alter- 


natively, the donor aorta could be left 
in place as a homograft, or a vein or 
synthetic graft interposed in the ex- 
cised segment. While the defect in 
the external iliac artery after graft 
nephrectomy constitutes a theoretical 
disadvantage of the technique, many 
practical solutions to the problem are 
available. 

The ureters must be implanted as 
two separate ureteroneocystostomies. 
A bladder trigone patch technique 
might seem easier and was used by 
Carrel in his pioneering work.“ Ana- 
tomical studies, however, have dem- 
onstrated that the trigone and distal 
ureters receive their blood supply ex- 
clusively from the bladder, and a tri- 
gone patch will undergo ischemic ne- 
crosis. 

Our results have shown that pediat- 
ric kidneys can support life in an 
adult host. Neither allotransplanta- 
tion nor immunosuppression seem to 
have affected the normal maturation 
of renal function, hypertrophy, he- 
modynamics, glomerular filtration, or 
tubular function. 
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indications: Santy! Ointment is indicated for d 
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Debilitated patients should be closely monitore 
systemic bacterial infections because of the the 
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lesion in order to avoid the risk of irritation or n 
ation of normal skin. 
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surrounding tissue particularly when the enzyme 
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ily controlled by protecting the healthy skin w 
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Overdose: Action of the enzyme may be stc 
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“it may prove to be the drug 
of choice for wound 
debridement.” 


Varma A O et al: Surg. Gynec. Obstet. 136:281, 
Feb, 1973. 
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Myocardial revascularization procedures 
were performed on 38 patients who had had 
a previous major heart operation. Thirty-two 
patients underwent aortocoronary vein by- 
pass graft as a second procedure, three had 
a Vineberg operation plus vein graft, and 
three had some other procedure. There were 
six deaths, a mortality of 16%. A satisfactory 
postoperative result was obtained in 25 
(70%). 

With the possibility of helping 70% of 
these revascularization failures, the reopera- 
tion challenge should be accepted by cardiac 
surgeons attempting to revascularize the is- 
chemic myocardium. 
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Re-revascularization 


of the Ischemic Myocardium 


Study of 38 Reoperations 
for Coronary Insufficiency 


James S. Benedict, MD; Thomas L. Buhl, MD; 


R. Peter Henney, MD, Long Beach, Calif 


he recent widespread use of 
saphenous vein bypass graft sur- 
gery in coronary artery insufficiency 
as well as the previous use of Vine- 
berg internal mammary artery im- 
plantation procedures has resulted in 
some instances of graft or implant 
failure. Reports indicate a 30% to 35% 
failure rate of internal mammary ar- 
tery implants’ and a 20% rate of vein 
graft occlusion.? These results have 
shown the necessity of studying 
causes of revascularization failure 
and of finding possible solutions to 
the occlusion problem. In an effort to 
do this at St. Mary’s Long Beach Hos- 
pital, we have studied a group of 38 
patients who underwent reoperation 
for coronary insufficiency. 


Case Selection 


All Vineberg internal mammary artery- 
myocardial implants and all aortocoronary 
vein bypass revascularization operations 
performed at St. Mary’s Long Beach Hos- 
pital through October 1972 were reviewed. 
There were 175 Vineberg operations and 
557 aortocoronary vein graft operations. 
From this group, we performed a second 
revascularization procedure on 35 patients 
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and added three more patients who had 
undergone previous major cardiac oper- 
ations. 

Criteria for patient selection for the sec- 
ond operation included recurrence of an- 
gina pectoris, documented progression of 
arteriosclerotic lesions, development of 
significant new occlusive disease, occlusion 
of previous vein grafts, or failure of inter- 
nal mammary artery implant revasculari- 
zation. 

There were 31 men and seven women 
ranging in age from 35 to 67 years. Two 
patients were younger than 40 years, 29 
between 40 and 60 years, and seven were 
over 60 years. Symptoms at the time of re- 
operation included angina pectoris in 36 
patients and congestive heart failure in 
two patients. Nineteen patients had had 
previous myocardial infarction. Two pa- 
tients were asymptomatic but had positive 
exercise tolerance electrocardiograms with 
occluded vein grafts. 

Associated disease among these 38 pa- 
tients included hyperlipidemia (seven pa- 
tients), diabetes mellitus (three patients), 
and miscellaneous conditions (three pa- 
tients) including gout, cardiac arrhyth- 
mias, aortic stenosis, and atrial septal de- 
fect. Sixteen patients had had a Vineberg 
operation as the primary procedure and 19 
patients had had an aortocoronary vein by- 
pass graft as the initial operation. Three 
additional patients are included in whom 
the initial operation was neither of the 
Vineberg nor the aortocoronary bypass 
type but had involved major cardiac sur- 
gery (Beck I operation, attempted closure 
of atrial septal defect with aortic dis- 


section, and interruption of the His bundle 


with pacemaker implantation). 
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At the time of reoperation, 11 of the 16 
Vineberg patients had angiographic evi- 
dence of patent internal mammary artery 
implants with significant myocardial blush 
and coronary sinus filling, or direct coro- 
nary artery filling from the injection of the 
internal mammary artery. Left ventricu- 
lar ejection fractions (LVEF) were calcu- 
lated in all but five patients. None had an 
LVEF below 30%, 14 patients had LVEF 
between 30% and 60%, and 19 had normal 
LVEFs of greater than 60%. 


Among the 38 reoperations, 32 were 


aortocoronary artery vein bypass proce- 
dures and three were combined vein by- 
pass and Vineberg implants. The three re- 
maining procedures included a vein bypass 
combined with closure of an atrial septal 
defect, a revision of a vein graft-coronary 
artery anastomosis with a patch graft, and 
laceration of the right ventricle during me- 
dian sternotomy with death. Coronary ar- 
tery endarterectomy was combined with 
vein grafting in three patients. Endar- 
terectomy had been used only twice in the 
38 patients at the primary operation. 
This group of 38 reoperations required 
long operating times. Thirteen operations 
were less than six hours, 22 required 6 to 12 
hours, and three operations lasted more 
than 12 hours. By comparison, the mean 
operating time required for 446 uncompli- 
cated vein graft operations was five hours. 
Technical problems included (1) difficult 
identification of coronary arteries, (2) 
dense pericardial adhesions, (3) lack of 
suitable vein graft material, (4) poor can- 
nulation sites, (5) adherence of the myocar- 
dium to previous sternotomy incisions, (6) 
marked intraoperative and postoperative 
bleeding, (7) small coronary vessels with 
poor runoff, and (8) poor left ventricular 
function with frequent arrhythmias. 


Results 


The total number of vein grafts 
placed was 61; blood flow was mea- 
sured in 54. Eleven grafts had mean 
flows below 30 ml/min, 21 grafts were 
between 30 and 60 ml/min, and 22 
grafts had flows greater than 60 
ml/min. The flows obtained were sim- 
ilar to measurements made on these 
patients at the primary operation. 

Postoperative complications in- 
cluded bleeding (five), infection (six), 
low cardiac output syndrome (five), 
arrhythmias (three), wound dehis- 
cence (two), and miscellaneous (six). 
The frequency and distribution of 
complications is comparable to that 
seen in this same group of patients 
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Complication 
Bleeding 
Infection 
Pericarditis 
Myocardial infarction 
Psychosis 
Arrhythmias 
Low cardiac output syndrome 
Wound dehiscence 
Congestive heart failure 
Hepatitis - 
Pulmonary insufficiency 
Cerebral vascular accident 
Severe anemia 
Ulnar nerve paresis 


Possible Factor 
IVEF 
30% to 60% 
Over 60% 
Unknown 
Proximal coronary artery stenosis 
50% to 75% 
75%to 90% 
Occluded ž - 


Mean graft flows 
Less than 30 ml/min 


30 to 60 ml/min 

Over 60 ml/min 

Not measured 
Postoperative complications 
Endarterectomy plus graft 


* Study group of 27 patients with 48 grafts. 


following their primary operations 
(Table 1). 

Following reoperation there were 
six deaths, for a mortality of 16%. 
Three deaths occurred either in the 
operating room or within 12 hours of 
operation. Two deaths occurred be- 
tween 12 hours and 30 days, and one 
late death occurred after 30 days. 

Complete relief of symptoms oc- 
curred in 17 patients (45%), and 
symptoms were markedly improved 
in 8 (21%). Four patients were not im- 
proved and three were made worse 
(18% poor result). 


Factors Influencing Graft Patency 


_ We examined the possible causes of 
vein graft failure in 27 patients in 
whom the outcome of the grafting 





Table 1.—Incidence of Postoperative Complications 
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determined either by coronary angio- 
grams (23 patients) or autopsy stud- 
ies (four patients). We found that 32 
grafts were occluded in this study 
group (66%) and only 16 were patent 
(33%). 

The following list of possible occlu- 
sive factors were then selected and 
studied in relationship to each graft: 
(1) LVEF, (2) degree of proximal cor- 
onary artery stenosis, (8) measured 


blood flows in each graft at time of — 


operation, (4) incidence of postopera- 
tive complications, and (5) use of en- 
darterectomy in conjunction with a 
vein graft (Table 2). 

The LVEF appeared to have no in- 
fluence on graft closure. Twenty-nine 
of the 32 occluded grafts occurred in 
severely stenotic or completely oc- 
cluded proximal coronary arteries, 
whereas ten of 16 patent grafts were 
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in vessels with 50% to 75% proximal 
coronary artery lesions. The two most 
important factors found were mea- 
sured flow rates and the incidence of 
postoperative complications. Twenty- 
two of 32 occluded grafts (70%) had 
mean flow rates below 30 ml/min, 
while there were no patent grafts in 
this low flow rate category. Postoper- 
ative complications were significant 
in 19 of the 32 occluded grafts (60%), 
while only four of 16 patent grafts 
(25%) had serious postoperative prob- 
lems. There were no instances of pat- 
ent grafts in the endarterectomy 


group. 
Comment 


The selection of patients for reop- 
eration for severe coronary artery in- 
sufficiency is difficult. Those with poor 
distal coronary vessels, poor myocar- 
dial function, and serious associated 
diseases should not be considered. 
Marked obesity, hypertension, diabe- 
tes, and progressive diffuse arterio- 
sclerotic disease associated with hy- 
perlipidemia are, likewise, relative 
contraindications to reoperation.’ 

The incidence of serious postopera- 
tive complications is the same follow- 
ing reoperation as it was following 
primary operation (Table 1). Wound 
infections, postoperative hemorrhage, 
wound dehiscences, myocardial in- 
farction, low cardiac output syn- 
dromes, strokes, and psychoses make 
the postoperative care prolonged and 
very trying for both the patient and 
the physician. More important, how- 
ever, is the correlation between post- 
operative complications and vein 
graft failure. In those patients with 
serious postoperative complications, 
the occlusion rate was 60% (19 of 32 
grafts). 

An equally important finding in 
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this study was the correlation of low 
blood flows in the graft with subse- 
quent closure. Low values below 30 
ml/min mean were present in 22 of 
the 32 occluded grafts. All patent 
grafts studied had mean flows above 
30 ml/min. 

Complete occlusion of the proximal 
coronary artery was, likewise, more 
frequent in the occluded graft group 
(15 of 32—50%) than in the patent 
grafts studied (four of 16-25%). The 
LVEFs had little influence on graft 
closure. All studied instances of en- 
darterectomy plus graft were oc- 
cluded. 

Certain local factors probably in- 
fluence graft patency and, therefore, 
attention is paid to the handling of 
the vein graft at the time of suturing 
and testing for leaks. After systemic 
administration of heparin sodium, the 
vein is removed from the leg just 
prior to implantation. It is checked 
with buffered physiological electro- 
lyte solution. Care is taken to reverse 
the vein graft and anastomoses are 
made away from areas of valve inser- 
tion. Electrical fibrillation and loop 
occlusions of the coronary vessels are 
used to control bleeding at the anas- 
tomotic site and prevent myocardial 
anoxia during graft suturing. In ves- 
sels with low flows, papaverine hydro- 
chloride solution has been injected in 
the vein graft to check hyperemic re- 
sponse and runoff in the distal coro- 
nary bed. In later cases the grafts 
have been made longer to prevent 
coronary artery “tenting” and care is 
also taken not to produce any kinking 
of the elongated graft. Vein necrosis 
due to lack of local blood supply fol- 
lowing transplantation has not been 
demonstrated. A 5% incidence of inti- 
mal hyperplasia has been found in 
veins examined microscopically be- 


fore implantation so the role of this 
pathologic finding is not clear either. 
Care is taken not to have the peri- 
cardium too tight over the grafts at 
the time of chest closure as pressure 
on the veins has caused decreased 
fiows at times. There is liberal use of 
corticosteroids postoperatively in the 
presence of a friction rub, electrocar- 
diographic evidence of pericarditis, or 
in. significant pericardial effusions. 
The value of anticoagulants in this 
study has not been conclusive, al- 
though most cardiologists adminis- 
tered warfarin sodium (Coumadin) 
for three to six months. 

The difficult technical problems of 
reoperation resulted in prolonged op- 
erating times in two thirds of the 
cases. The 16% mortality seems exces- 
sive when compared with a 1.5% mor- 
tality in 446 patients who had only 
vein bypass grafts during the same 
period. However, many of these pa- 
tients have desperate clinical and so- 
cial problems. Frequently they are 
addicted to narcotics for relief of 
their angina, they are repeatedly ad- 
mitted to the hospital with possible 
myocardial infarctions, and most of 
them are unable to carry on useful 
lives. With the hope of helping 70% of 
them, we probably should accept the 
challenge such unfortunate patients 
present and attempt revasculariza- 
tion of the ischemic myocardium. 
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Grip strength— measured in millimeters of Inflammation index—arrived at by ascribing 
mercury using a rolled sohygmomanometer cuff values of 1 to 4 to degree of pain, redness, swelling, 


tenderness, and presence of joint fluid; then 
totalling five parameters 
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Ascriptin will be, too. the Maalox®-protected aspirin 
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Pathophysiology of the 


Respiratory Distress Syndrome 


F. William Blaisdell, MD, San Francisco 


The sequential pathological changes of 
the respiratory distress syndrome have been 
assessed in 200 lung biopsies and autopsy 
specimens over the past ten years. The ini- 
tial microscopic changes consisted of throm- 
boemboli in pulmonary arterioles. These 
were followed by congestion and interstitial 
edema and hemorrhage over the next 24 
hours. Intra-alveolar hemorrhage next be- 
came evident and reached a peak at 72 
hours. Following this, hyaline membranes 
became the predominant lesion. Bron- 
chopneumonia may be superimposed on 
these changes at any point from this time 
on. If the patient survived for a matter of 
weeks or months prior to death, pulmonary 
fibrosis was the terminal lesion. The variable 
combination of these pathological changes 
explains the clinical manifestations of the 
respiratory distress syndrome. 


any different types of respira- 

tory failure develop in a pa- 
tient who is critically ill following ma- 
jor trauma and severe hemorrhagic 
shock. These include aspiration pneu- 
monia, atelectasis due to mucous 
plugs or blood—with or without chest 
wall injury, pulmonary contusion, 
pneumonia, and pulmonary edema 
due to cardiac failure or to over- 
enthusiastic fluid therapy. In addi- 
tion, we believe that there is a spe- 
cific syndrome that often occurs in 
combination with the above. This 
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same syndrome may follow not only 
the severe-shock state, but other con- 
ditions such as burns, major surgery, 
trauma, massive transfusions, sepsis, 
vascular disease, and cardio- 
pulmonary bypass. It has been re- 


ferred to by a variety of names. The 


respiratory distress syndrome ap- 
pears the most widely used and gen- 
erally applicable. 

In its pure form it can be defined as 
a specific entity. This is the respira- 
tory failure that develops following a 
major clinical insult. Its initial mani- 
festation is tachypnea, with increased 
respiratory effort. The lungs are dry 
to auscultation and secretions are 
minimal. Specific studies show a fall 
in arterial blood gas tension with evi- 
dence of arteriovenous shunting. 
Compliance is decreased and there is 
evidence of decreased lung volume. A 
chest x-ray film shows a gradual de- 


Fig 1.—Initial changes in chest x-ray film 
consist of reticular infiltrate. 





velopment of reticular infiltrates over 
24 hours following the clinical insult 
(Fig 1). These may progress to a 
dense consolidation (Fig 2). 

This fully developed syndrome is 
relatively rare in our experience and 
occurs only once or twice a month on 
our major trauma service, in which 
there are approximately 1,500 trauma 
patient admissions per year. It is 
probably true that, given good cir- 
culatory and respiratory care, the in- 
cidence of this entity will be minimal. 
It appears to have progressively de- 
creased in incidence in our hospital 
during the last five or six years, de- 
spite the fact that we are seeing more 
critically ill patients with massive 
shock and trauma.’ 

The respiratory distress syndrome 
has been recognized following many 
types of illness. It almost universally 
follows major surgery that results in 


Fig 2.—Later changes consist of progres- 
sion of infiltrate until dense consolidation 


results. 
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Fig 3.—Confluence of petechial hemor- 
rhage results in progressive hemorrhagic 
consolidation of lungs proceeding from 
bases toward apex. 


Fig 6.—Intra-alveolar hemorrhage devel- 
ops and increases progressively after 24 
hours. 
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Fig 4.—Initial microscopic changes in 
lung are negligible and consist of fibrin and 
platelet microemboli in small arterioles. 


Fig 7.—Hyaline membranes become 
prominent lesion after three days; hemor- 
rhage, congestion, and edema are less 
prominent. 


Fig 5.—By 16 to 18 hours, microscopic 
sections reveal vascular congestion and 
periarterial hemorrhage. 


Fig 8.—Bronchopneumonia appears any 
time in evolution of changes and is seen 
uniformly five days following clinical insult. 
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massive diffuse bleeding (consump- 
tion coagulopathy).* It was a frequent 
phenomenon in the early days of car- 
diopulmonary bypass.*° We first rec- 
ognized the problem following surgi- 
cal treatment of ruptured aneurysms 
and later as one that followed acute 
arterial ischemia involving the lower 
extremities.’ We see this syndrome 
following burns, sepsis, mesenteric 
infarction, and now most frequently 
following massive trauma.** 

_ For the past eight years patholog- 
ical material has been collected and 
reviewed on more than 200 patients 
with the respiratory distress syn- 
drome. This paper presents the patho- 
logical findings accumulated from 
these surgical biopsies and autopsies 
and uses this material to explain the 
physiologic derangements encoun- 
tered in this entity. 


Pathological Findings 


The gross changes in the lungs seen 
at thoracotomy or postmortem exami- 
nation depend on the duration of time 
that has elapsed following the clinical 
insult. They vary also with the ther- 
apy instituted. The changes have 
been considerably modified since the 
advent of positive pressure ventila- 
tion treatment. Generally, the follow- 
ing gross and microscopic findings 
are evident. 

In the first few hours the lungs 
may appear grossly normal, even 


though there had been clinical evi- 


dence of severe respiratory distress. 
Within hours, scattered petechial 
hemorrhages may be evident over the 
surface of the lungs; the lungs are 
heavier than normal and on cut sec- 
tion may appear slightly edematous. 
By 24 to 48 hours the petechial hemor- 
rhages have become confluent, start- 
ing initially in the basilar segments; 
the lungs are deep red and appear 
congested and hemorrhagic (Fig 3). 
After three to four days the lungs ap- 
pear even darker and resemble liver. 

The findings from this point are 
variable. Some lungs will continue to 
remain dark and hemorrhagic; others 
show residual liemorrhage at the base 
and posteriorly but are gray and ede- 
matous anteriorly; some have fibri- 
nous exudate on the pleural surface, 
and on cut section demonstrate gross 
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abscesses and purulent bronchial se- 
cretions. 

Microscopic changes are easier to 
characterize as the pathological speci- 
mens remain available for review. In 
the first 12 hours the microscopic ap- 
pearance of the lung may be rela- 
tively normal except for variable 
numbers of fibrin and platelet micro- 
emboli which fill pulmonary arterioles 
25u to 250u in diameter (Fig 4). At 16 to 
18 hours there is vascular congestion 
and periarterial hemorrhage (Fig 5). 
This is followed at 12 to 24 hours by 
severe congestion, interstitial and in- 
tra-alveolar edema, and later by in- 
tra-alveglar hemorrhage (Fig 6), 
which reaches a peak at 72 hours. By 
this point in time, microemboli, which 
were commonly seen previously, are 
rare. After 72 hours, hyaline mem- 
branes become the predominant le- 
sion, while the changes of hemor- 
rhage and congestion decrease in 
prominence (Fig 7). Changes consist- 
ent with bronchopneumonia are super- 
imposed on the hyaline membranes 
after this time and _ bronchopneu- 
monia is the predominant lesion seen 
in patients who survive more than 
five days (Fig 8). If the patient sur- 
vives for weeks or months after the 
clinical insult, diffuse pulmonary fi- 
brosis may be evident (Fig 9). 


Comment 


There has been considerable confu- 
sion concerning the cause of the lung 
changes following shock. It has been 
felt that the lung abnormalities are 
the result of lack of lung perfusion 
during the shock period. This is not 
supported by experience with cardio- 
pulmonary bypass, which has demon- 
strated that perfusion of lungs is not 
necessary and probably not advisable; 
the lungs can tolerate low perfusion 
for prolonged periods.’ This was con- 
firmed by Willwerth who produced 
hemorrhagic shock and simultane- 
ously occluded the circulation of one 
lung. Immediately following correc- 
tion of shock, the lung demonstrating 
most of the damage was the lung that 
was perfused during the shock period, 
while the opposite occluded lung dem- 
onstrated few changes.’ 

Overenthusiastic fluid adminis- 
tration has been incriminated as the 


cause of this syndrome.” It is hard to 
conceive why fluid overload in trauma 
patients should be so much more re- 
fractory to treatment than pulmo- 
nary edema of cardiac origin or why 
permeability changes develop in the 
lung capillaries sufficient to permit 
red blood extravasation. 

We have developed a shock model 
that does not deprive the lung of 
blood flow and does not require anti- 
coagulation. This consists of pro- 
longed cross-clamping of the infra- 
renal. aorta sufficient to produce 
severe ischemia of the lower limbs. 
Respiratory insufficiency develops 
and is fatal at 24 hours.” This prepa- 
ration demonstrates that remote tis- 
sue damage can produce respiratory 
failure of the type seen in the respira- 
tory distress syndrome. Following 
reestablishment of flow to the is- 
chemic areas, platelet masses can be 
identified in the vena cava and com- 
ing from the damaged tissues, and 
microemboli are found distributed 
through lung arterioles. If flow from 
the shock area is directed through one 
lung and the remaining systemic flow 
through the opposite lung, the pri- 
mary changes occur in the former. Di- 
version of caval flow through the liver 
before it reaches the lung protects the 
lung completely.’ 

Gross pulmonary embolism of the 
classic type is due to lodgment of or- 
ganized clot in large and medium- 
sized pulmonary arteries, and pro- 
duces a syndrome that is primarily 
obstructive in nature. If the clots 
which embolize to the lung are fresh, 
no matter what their size, they tend 
to break up and lodge in the smaller 
pulmonary arteries. At this point 
they may be added to by thrombosis 
or further platelet aggregation. This 
type of thromboembolism produces an 
entirely different clinical syndrome 
because of the nature of pulmonary 
artery anatomy. | 

Krahl describes the terminal pul- 
monary vessels as long, tapering ar- 
teries which vary from 300» down to 
25u in size. All of these vessels give 
off capillaries throughout their length 
at right angles to the main arteriole 
which provide abundant anastomos- 
ing collateral pathways” (Fig 10). It 
is possible, therefore, to obstruct mul- 
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Fig 9.—Should a patient survive for a 
number of weeks, diffuse pulmonary fibro- 
sis may be evident. 


tiple small pulmonary vessels without 
affecting pulmonary flow or pulmo- 
nary vascular resistance (Fig 11). 
Knisely likens these arterioles to 
“eatch traps”; his direct studies of the 
living lung through a chest wall win- 
dow have demonstrated that emboli 
arrest in these small tapering ves- 
sels.'* Blood can continue to flow up 
against the embolic material, out the 
radial capillaries, across the alveolar 
membrane, and into the pulmonary 
veins (Fig 12). This permits lytic en- 
zymes or additional clot material, or 
both, to be brought to the site. Thus, 
the anatomy permits the removal of some 
embolic materials during life, with min- 
imal interference with respiration or the 
anatomy facilitates a rapid propagation of 
clot with progressive capillary thrombosis, 
depending on the circumstances." 


Once thromboemboli are deposited 
in the lung, any of the following 
events may occur. One, the throm- 
boemboli may lyse promptly and dis- 
appear with little or no residual. 
Two, the thromboemboli may release 
bronchoconstrieting substances which 
result in closure of adjaeent lung 
units. Three, the thromboemboli may 
obstruct a sufficient number of arte- 
rioles so as to produce high pressure 
flow through the few remaining 


Arch Surg/Vol 108, Jan 1974 





Fig 10.—Diagrammatic representation of 
distal pulmonary anatomy. Larger artery di- 
vides into four arterioles. Each gives off a 
number of branching capillaries which sur- 
round terminal airway and reconstitute to 
form pulmonary vein. Arterioles and termi- 
nal bronchioles are intimately related in 
center of lobule; venules course in the pe- 
riphery. 


nonobstructed lung microvessels with 
resultant edema. Four, the throm- 
boemboli may produce local damage 
to the arteriolar wall and cause ab- 
normal permeability, leading to ex- 
travasation of serum proteins and 
cellular elements. Five, the throm- 
boemboli can interfere with nutrition 
of lung units supplied by the ob- 
structing arteriole and compromise 
the viability of endothelial or alveolar 
lining cells or produce actual micro- 
infarction with disruption of lung ar- 
chitecture. 

A potent clotting stimulus such as 
debris from injured tissue plus stasis 
of flow encourages intravascular 
clotting or platelet aggregation or 
both. This would be seen in persistent 
shock, massive tissue injury, sepsis, or 
atelectasis in which there is stasis of 
flow in lung segments. Removal of 
the clotting stimulus or a high rate of 
blood flow or both washes away pro- 
coagulants, neutralizes thrombin, and 
brings lytic enzymes in contact with 
the clot, leading to its lysis and dis- 
appearance (Fig 12). This follows 
prompt resuscitation with fluids, de- 
bridement of damaged or devitalized 
tissues, and control of infection. The 
variable combination of elements of 
the type described above determines 





Fig 11.—Diagram shows how multiple em- 


boli can obstruct pulmonary arterioles with- 


out increasing pulmonary vascular resist- 
ance. High flow may be directed at high 
pressure through few remaining proximal 
capillaries and may produce local edema ag- 
gravating ‘‘shunt."’ 


the extent, severity, and persistence 
of clot in any one instance. 
Aggregating platelets release sero- 
tonin and histamine”; the initial pul- 
monary response to these active 
amines is bronchoconstriction, involving 
adjacent lung units (Fig 10 and 11). 
Vasoactive peptides are also released 
when fibrinogen is converted to fibrin 
and these will add further to the local 
vascular and bronchial constriction.'® 
Edema and venous congestion have 
been difficult to explain as due to mi- 
croembolism. Theoretically, obstruc- 
tion of arterioles would prevent 
edema and congestion peripherally. 
Actually venous dilation occurs distal 
to arteriolar obstruction. It is a well- 
recognized manifestation of retinal 
artery obstruction, for example.” 
This presumably results from local ac- 
cumulation of metabolites. Swenson 
et al have documented the association 
of gross pulmonary embolism and 
pulmonary edema.'* Of relevance are 
studies of high altitude pulmonary 
edema. Hultgren reviewed the patho- 
logical findings following death after 
high altitude pulmonary edema; this 
showed obstruction of arterioles by 
thrombi. He believes that obstruc- 
tion of multiple microvessels directs 
all of the remaining flow through the 
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Fig 12.—Diagram shows abundant anastomosing capillary net- 
work, which takes origin from arteries 300u and smaller. This per- 
mits complete removal of thromboembolic material without residual 
or there can be local arteriolar and capillary damage, which results 


in permeability changes. 


few unobstructed capillaries and pro- 
duces high pressures and resultant 
edema. The high cardiac outputs in 
patients at a high altitude presum- 
ably magnify the problem. The same 
explanation for pulmonary edema 
would also be tenable at sea level, 
given an appropriate increase in arte- 
riolar obstruction (Fig 11). 

Many of the pathological changes 
seen in the lungs are consistent with 
an increase in vascular permeability. 


These are intra-alveolar fibrin deposi- 


tion and interstitial, periarterial, and 
intra-alveolar hemorrhage. The peri- 


A -arterial hemorrhage is presumed to 
develop at the sites of lodgment of 


emboli and results from local damage 
to the arterial wall. There is confir- 
matory evidence that microemboli 
can produce changes in vascular per- 
meability. Petechial hemorrhages oc- 
cur in the skin following subacute 
bacterial endocarditis or fat embo- 
lism; hemorrhages occur in the eye 
grounds following retinal artery em- 
bolism. Hemorrhages may be partic- 
ularly prone to occur following lysis 
of the emboli and resumption of flow 
(Fig 12). Seaman perfused the iso- 
lated bovine eye and when adeno- 
sinediphosphate (ADP) was added to 
the perfusate, masses of platelets ag- 
gregated in the retinal arteries.” 
Retinal hemorrhages resulted. Many 
of these occurred when the platelet 
masses blocking arterioles broke up 
or moved distally. Nachman et al 
have isolated a vascular permeability 
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factor from platelets. This is a cat- 
ionic protein with a molecular weight 
of 30,000. This substance is capable of 
producing permeability changes in 
capillaries within three to four min- 
utes of injection.” 

Interstitial, interalveolar hemor- 
rhage and edema can be produced by 
the same mechanism or by micro- 
infarction, which results from 
thrombi interrupting nutritional flow 
with resulting disruption of lung ar- 
chitecture (Fig 13). Mustard injected 
ADP into coronary arteries of pigs.” 
These animals died of myocardial in- 
farction within 24 hours. Pathologi- 
cal studies carried out at the time of 
death did not reveal coronary artery 
abnormalities. However, if the ani- 
mals were killed within a few hours 
of the ADP injection, masses of plate- 
lets could be seen obstructing most of 
the coronary arterioles. 

It is probable that lesser degrees of 
lung arteriolar obstruction may not 
actually produce infarction. The ob- 
struction, however, may interfere 
sufficiently with nutrition of alveolar 
lining cells so as to impair surfactant 
production or mucous transport. 

With the pathological changes in 
the lung explained, the clinical mani- 
festations of the respiratory distress 
syndrome are more easily understood. 
The characteristic changes in respira- 
tory physiology consist of increased 
respiratory dead space, decreased ar- 
terial oxygen tension with evidence 
of arteriovenous shunting, and de- 





Fig 13.—In certain situations embolic obstruction may result in 
progressive thrombosis proximal and distal to embolic occlusion as 
shown in this diagram. This event may result in microinfarction with 
gross disruption of associated lung architecture. 


creased compliance. 

The increased respiratory dead 
space is the easiest to explain for it is 
accounted for by embolic obstruction 
of multiple vessels with ventilation of 
nonperfused lung units. The variable 
changes just described, however, 
must act to produce perfusion in some 
areas which are not ventilated and 
ventilation of poorly perfused areas. 

Multiple factors combine to produce 
arteriovenous shunting and a de- 
creased arterial blood gas tension. 
These are bronchoconstriction, inter- 
stitial and intra-alveolar edema, and 
hemorrhage and microatelectasis re- 
sulting from decreased surfactant 
production. Damage to alveolar type 
2 cells as a result of impaired nutri- 
tional flow most likely accounts for 
the decrease in compliance. 

Our conclusions are that pulmonary 
microembolism does cause the res- 
piratory distress syndrome seen in 
traumatic shock and many other 
types of critical illness; this is in- 
disputable. The primary question is 
whether or not this is a rare or fre- 
quent cause. If we limit our criteria 
for respiratory failure following 
shock and trauma to those described, 
we believe that pulmonary micro- 
embolism is the primary cause of the 
respiratory distress syndrome. 


This investigation was supported by Public 
Health Service research grant GM18470. 
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* * * * 


.... That the combination of operation and irradiation will prolong the period of relief 
or prevent recurrence is considered more than probable, although a number of years 
must elapse in the cases presented before this forecast can be confirmed. That there has 
g a diagnosis is conclusively illustrated by the preva- 
g in total blindness in one eye in more than 40 per cent 
that better results may be anticipated if the lesion is rec- 
ognized sooner must be admitted. Since Hirsch first proposed the transsphenoidal oper- 
ation in 1910, there has been a continuous reduction 
eration is devoid of serious risk. 

*Frazier CH: Arch Surg 8:39-60, 1924. 
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Management of Inadequately Excised 


Epidermoid Carcinoma 


Robert L. Glass, MD, Carlos M. Perez-Mesa, MD, Columbia, Mo 


Fifteen squamous cell carcinomas of the 
skin, termed inadequately excised by the pa- 
thologist, were aggravated by lack of patient 
cooperation or availability. If there was no 
prophylactic treatment, a recurrence rate of 
about 50% and an ultimate patient mortality 
of about 25% from uncontrolled cancer was 
observed. 

Prophylactic retreatment with reexcision 
or radiotherapy before the appearance of 
clinical recurrence in 24 patients signifi- 
cantly reduced these failures. 


pidermoid carcinoma of the skin 
often has microscopic extension 
as far as 1 cm beyond the gross tumor 
margin.: In our patients, all lesions 
were examined by the pathologist in 
a way to demonstrate microscopic ex- 
tension to the margin of the surgical 
specimen (Fig 1). If cancer extended 
to the margin of the specimen, it was 
termed inadequately excised. 

In 1964, the authors reviewed these 
cancers for the period 1957 to 1964 at 
the Ellis Fischel State Cancer Hospi- 
tal.? Table 1 shows the results of this 
earlier study. 

The recurrence rate for those le- 
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sions inadequate in depth (66% [ten] 
with 15 patients at risk) was lower 
than for those inadequate in width 
(33% [seven] with 21 patients at risk) 
(difference significant at .09 level). 
These lesions were not prophylact- 
ically retreated nor was there an In- 
dia ink coating. This suggested that 
the subcutaneous tissues were falling 
off the specimen during fixation and 
cutting, creating a false surgical mar- 
gin, so we began coating the speci- 
mens with India ink in 1964 (Fig 2), 
which appears to have increased the 
accuracy of our findings: Four pa- 
tients (50%) of eight at risk had recur- 
rences of lesions inadequate in width 
and eight (73%) of 11 patients had re- 
currences of lesions inadequate in 
depth. Four lesions were inadequate 
in both width and depth. The differ- 
ence in the recurrence rates of the le- 
sions that were inadequate in depth, 
between the coated and uncoated le- 
sions, is significant at the .062 level. 

The temporal recurrence pattern of 
inadequately excised epidermoid car- 
cinoma for the period 1957 to 1970 
was as follows: 24 recurrences 0 to 6 
months after treatment, two 7 to 12 
months after treatment, one 13 to 18 
months after treatment, two 19 to 24 
months after treatment, and none 25 
or more months after treatment. All 
but three of the controlled lesions 





Fig 1.—Technique of cutting specimen to 
determine adequacy of excision. Tumor at 
cut edge (X) termed inadequate excision. 


Fig 2.—India ink coating applied to mar- 
gin of specimen prior to processing in order 
to detect loss of tissue during fixation and 
cutting ( X 100). 
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at Risk 


Observed for recurrence 
Prophylactically retreated 





: Difference significant only at 0.216. 


were followed up for more than two 
years, the other three fer ten, thir- 
teen, and fifteen months. 


Material 


In 1964, the policy of propkylactically 
reexcising, or irradiating, microscopically 
inadequately excised epidermoid carci- 
noma of the skin was instituted. Since 
then, 24 lesions were prophylactically re- 
treated, and 15 lesions were net prophy- 
lactically retreated because ef patient re- 
fusal or communieation difficulty. 

The locations of the lesions were as fol- 
lows: external ear (12 patients), lip (7 pa- 
tients), external nose (5 patients), neck (5 
patients), hand (1 patient), and zhe rest of 
the face (9 patients). This propensity for 
exposed skin is true for epidermoid carci- 
nomas generally. Table 2 shows the rela- 
tionship between size of the lesion to fate 
of the patient in the current study. In our 
1964 study, one of 23 lesions smaller than 2 
cm escaped control measures, whereas five 
of 21 lesions larger than 2 cm caused the 
patient’s death. The measurements were 
based on the largest dimension of the le- 
sion at the time of initial treatment. 


Results 


The results of treatment tabulated 
in Table 3 show the advantage of 
prophylactic retreatment, not only in 


The authors demonstrate that squamous 
cancer of the skin recurred rapidly if histo- 
logical examination identified cancer cells 
at the margin of the specimen from local 


excision. When discovered, the authors cor- - 


rectly recommended reexcision. 

Today, with the quality and widespread 
availability of cryostat frozen sections, 
there is little need to wait two or more 
days to obtain a report that demands re- 
medial surgery. Those judgments can and 
should be made routinely during «he initial 
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Recurrences Dead of Cancer 
(%) (%) 
16 (47) 6 (18) 
1 (17) 1 (17) 












Table 2.—Inadequately Excised 
Epidermoid Carcinoma of Skin, 
1964-1970: Size Outcome 
(All Treatments) 














No recurrence 
Recurrence controlled 
Recurrence uncontrolled 








Table 3.—Results of Treatment 1964-1970 


No. 


at Risk 
Prophylactically retreated 24 
Observed for recurrence 15 





* Significant 0.01. 
t Significant 0.18. 


reducing recurrences but in lowering 
mortality. The prophylactic retreat- 
ment was reexcision in 19 cases with 
two recurrences and radiotherapy in 
five cases with one recurrence. The 
radiotherapy was given in doses felt 
to be curative for epidermoid carci- 
noma, usually 4,000 to 5,000 rads. 
These data are insufficient for choos- 
ing one form of prophylactic treat- 
ment over the other, but they tend to 
suggest the use of radiotherapy 
where reexcision would be dis- 
figuring. 


Comment 


Epidermoid carcinoma of the skin, 


which the pathologist terms inade- 


Editorial Comment 


operation. Usually the pathologist can pro- 
vide precise histological information from 
cryostat sections about the presence and 
extent of cancer. 

The pathologist, however, must arrive at 
conservative judgments, and there are cir- 
cumstances when he must wait for the 
nuances of more sophisticated histology. 
The common areas of concern are thyroid 
adenoma vs follicular carcinoma; reactive 
lymphoid hyperplasia vs lymphosarcoma; 
chronic pancreatitis vs pancreatic carci- 


Dead of Cancer 
(%) 
2 (8.3)T 
4 (26.7)t 


Recurrences 
(%) 
3 (12.5)* 
8 (53.3)* 


quately excised because of micro- 
scopic extension to a margin of the 
specimen, should be retreated prophy- 
lactically. This will reduce signifi- 
cantly the recurrence as well as the 
ultimate mortality of these lesions. 
Retreatment should involve reexci- 
sion or curative-dose radiotherapy. 


References 


1. Beirne GA, Beirne CG: Observations 
on the critical margin for complete exci- 
sion of carcinoma of the skin. Arch Der- 
matol 80:344-345, 1959. 

2. Glass RL, Spratt JS, Perez-Mesa C: 
The fate of inadequately excised epider- 
moid carcinoma of the skin. Surg Gynecol 
Obstet 122:245-248, 1966. 


noma; pigmented mole vs melanoma; and 


lobular hyperplasia of the breast vs lobular ~ 


carcinoma. When the differential diagnosis 
embraces any of these alternatives, the 
clinician will avoid embarrassment by ad- 
vising his patient preoperatively that it 
may be several days after biopsy before 
definitive surgery can be accomplished. 
JEROM J. DECossE, MD 
Milwaukee 
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Noninvasive Measurement 


of Systolic Pressure Slope 


A Reliable Index of the Presence 
of Peripheral Arterial Occlusive Disease 


Kenneth W. Johnston, MD, FRCS(C), Toronto, 


Vijay V. Kakkar, FRCSE, FRCS, London 


The arterial pressure wave at the level of 
the ankle was reconstructed from noninva- 
sive data in 48 limbs of patients with normal 
circulation, a minor arterial stenosis, major 
arterial stenosis, and complete occlusion. 
The mean systolic slope of the arterial pres- 
sure wave was calculated. It was an accurate 
index for the detection of arterial stenosis or 
occlusion. This method is noninvasive, easily 
repeatable, and simple. 


he measurement of systolic 

blood pressure at the ankle is 
somewhat useful in the assessment of 
the severity of peripheral arterial oc- 
clusion'*; it clearly separates those 
patients with normal peripheral ar- 
teries from those with total arterial 
occlusion, but in patients with arte- 
rial stenosis, the ankle systolic pres- 
sure may overlap the normal range. 
However, the rate of rise of the sys- 
tolic pressure curve (dP/dt) has been 
observed to be reduced even in the 
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presence of minimal peripheral arte- 
rial disease.’ This study was under- 
taken to see if measurement of the 
systolic pressure slope, obtained by a 
noninvasive method, was capable of 
detecting all grades of arterial dis- 
ease: minor stenosis, major stenosis, 
and occlusion. 


Principle of Noninvasive Measurement 
of the Systolic Pressure Slope 


The arterial pressure wave can be 
accurately reconstructed by a noninva- 
sive method.** A constant reference 
point in the cardiac cycle is obtained 
from the R wave of an electrocardio- 
gram (Fig 1), and the arrival of a 
pulse wave is detected by recording 
the onset of flow by a plethysmo- 
graph or Doppler flow detector,’ by 
the onset of Korotkoff sounds with a 
microphone,*’ or by a piezoelectric 
crystal. If a blood pressure cuff is 
placed immediately proximal to the 
flow detector and inflated above dias- 
tolic pressure, the arrival of the pulse 
wave is delayed relative to the refer- 
ence point in the cardiac cycle (R 
wave). The onset of flow at a given 
cuff pressure depends on the rate of 
rise of arterial pressure; con- 
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sequently, the upstroke of the arterial 
pressure wave can be reconstructed 
by plotting the cuff pressure on the y 
axis against the corresponding time 
delay from the R wave on the x axis 
(Fig 2). Rodbard and his associates*’ 
were the first to use this indirect 
method to calculate the systolic pres- 
sure slope, and Geddes et al* validated 
the accuracy of the technique by com- 
parison with direct intraarterial pres- 
sure measurements in the dog and in 
the upper extremity of man. 


Patients 


Forty-eight limbs of 11 normal subjects 
and 25 patients with peripheral arterial oc- 
clusion were studied. Patients with symp- 
tomatic arteriosclerotic heart disease were 
excluded, as were those with evidence of 
severe peripheral vascular disease (gan- 
grene, rest pain, or night pain). Eleven 
subjects with normal peripheral pulses and 
no symptoms of peripheral vascular is- 


chaemia were selected from ambulant,’ 


age-comparable asymptomatic patients in 
the hospital. Arteriography was not car- 
ried out in this group; however, the nor- 
mality of their peripheral circulation was 
verified by the measurement of other he- 
modynamic indexes: ankle systolic blood 
pressure, resting forefoot blood flow. post- 
ischaemic blood flow, maximum flow ve- 
locity, and pulse wave velocity. 

The patients with peripheral arterial 
disease were classified into three groups by 
arteriography and clinical assessment: (1) 
minor stenosis if the most severe radio- 
logic lesion was less than 50%; (2) major 
stenosis if the most severe radiologic lesion 
was greater than 50%; and (3) complete ar- 
terial occlusion. All the patients with mi- 
nor stenosis were asymptomatic and those 
with major stenosis were symptomatic. 
Two patients with lesions not dearly fit- 
ting into either group were classified into 
the major or minor stenosis group on the 
basis of the presence or absence of symp- 
toms or arterial insufficiency. 


Method 


Subjects were examined while relaxed 
and in the supine position, with the lower 
extremity at heart level, and in a room at 
temperature 20 to 22.2 C. Exercise was not 
allowed for at least 30 minutes prior to ex- 
amination. 

The R wave, recorded from lead II of an 
electrocardiogram, was used as the con- 
stant point in the cardiac cycle from which 
all time measurements were made. The ar- 
rival of the pulse wave was recorded in the 
forefoot, immediately distal to an ankle 
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Fig 1.—Principle of indirect measurement of systolic pressure slope. 


Fig 2.—Reconstruction of systolic pressure slope. Cuff pressure plotted against time after 


R wave when flow begins. 
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pressure cuff by a four-electrode electrical 
impedance plethysmograph (Fig 3). The in- 
ner two recording electrodes were 5 cm 
apart, and the outer two current supplying 
electrodes were 3 cm proximal and distal to 
the recording electrodes. The foot of the 
recorded volume wave was used to signal 
the onset of flow beyond the cuff. A stan- 
dard (13 cm) blood pressure cuff was care- 
fully secured about the ankle, inflated, and 
then lowered by 10 mm Hg increments 
from systolic to below diastolic pressure. 
Five wave forms were recorded per incre- 
ment. The pressure readings from the 


mercury manometer were made visually. 
The ECG and electrical impedance traces 
were recorded at 100 mm/sec. The pulse 
transmission time was calculated from the 
R wave of the ECG to the foot of the vol- 
ume wave. The pressure and transmission 
time data were plotted as in Fig 4, left. 
The best possible straight line was drawn 
to include the points, and this line repre- 
sented the systolic upstroke of the curve 
(Fig 4, center). The points at either ex- 
treme of the sigmoid shape were excluded. 
The slope of this straight line in millime- 
ters of mercury per second is the mean 





Fig 3.—Method used in this study to derive time and pressure data for reconstruction of 
systolic pressure slope (IPG indicates electrical impedance plethysmograph). Foot of 
plethysmograph trace is used to signal the onset of flow. 


Fig 4.—Steps used for calculating systolic pressure slope. 


Cuff Pressure 
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systolic pressure slope (Fig 4, right). The 
accuracy of visually drawing this line was 
verified by linear regression analysis by a 
standard computer technique. 


Results 


Forty-eight limbs of 11 normal sub- 
jects and 25 patients with peripheral 
arterial occlusion were studied. The 
age range was 50 to 82 years and the 
male to female ratio was 33 to 3. The 
severity of the arterial abnormalities 
based on arteriographic and clinical 
evidence was as follows: normal, 11; 
minor stenosis (asymptomatic), 10; 
major stenosis (symptomatic), 4; and 
occlusion, 23. 

The values of the systolic pressure 
slope obtained were as follows: nor- 
mal, 675 + 165 mm Hg/sec (+ 1 SD); 
minor stenosis (asymptomatic), 
402 + 106; major stenosis (sympto- 
matic), 183 +87; and _ occlusion, 


84 + 56 (Fig 5). It is apparent from 


these results that the mean systolic 
pressure slope distinguishes patients 
with minor or major arterial stenosis 
or arterial occlusion from the normal 
group (P<.001). In addition, the val- 
ues for those patients with minor ste- 
nosis were significantly different 
from those with major stenosis 
(.005 > P> .001) and those with major 
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stenosis different from those with ar- 
terial occlusion (.01> P> .005). The 
slopes obtained visually compared fa- 
vorably with those calculated by com- 
puter. The mean differences between 
the visual and computer determina- 
tions expressed as a percentage of the 
computer values were as follows: nor- 
mal, 8%; minor stenosis, 9%; major 
stenosis, 12%; and arterial occlusion, 
28%. Hence, computer analysis is 
probably unnecessary for clinical pur- 
poses. In addition, the 15 to 20 pres- 
sure-time points used to construct the 
systolic slope varied little from a 
straight line (the standard deviations 
for the regression analyses were 5% 
to 10%). Repeat measurements were 
carried out in ten subjects and were 
not significantly different from the 
first recorded values. 7 


Comment 


Noninvasive hemodynamic mea- 
surements play an important role in 
the evaluation of patients with pe- 
ripheral arterial disease: screening 
for the presence of arterial disease, 
augmenting the interpretation of ar- 


teriography, assessing the early and 


late results of arterial surgery, fol- 
lowing the natural history of treated 
and untreated arterial disease, and 
documenting the efficacy of drug ac- 
tion. Unfortunately, the ideal method 
for the noninvasive assessment of 
patients with peripheral arterial oc- 


clusion is not yet available. The com- 


__ monly used methods, such as the mea- 
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surement of calf blood flow or ankle 


systolic bleod pressure, often fail to 
distinguish patients with minor 
asymptomatic occlusion from normal 
subjects and, hence, are of limited 
value for screening or observing the 
results of arterial surgery. Exercise 
improves the discriminating value of 
these tests, but with exercise the 
work load varies from patient to pa- 
tient and, on separate test oecasions, 
in the same patient. Therefore, stress 
tests are of value only if a patient 
does the same amount of work on 
each occasion and can, thus, act as his 
own control.‘ Also, comparison of the 
results of different patients under 
varying degrees of stress is not re- 
liable. 

The measurement of the systolic 
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Fig 5.—Results: systolic pressure slope (mean + SD) in subjects with normal arteries, mi- 
nor and major arterial stenoses, and arterial occlusion. 


pressure slope at the ankle overcomes 
many of the problems plaguing other 
methods. It appears to be capable of 
distinguishing all degrees of arterial 
stenosis, is noninvasive, and is easily 
and quickly repeatable. 

There are a number of hemodynam- 
ic indexes that influence the measure- 
ment of the systolic pressure slope at 
the ankle: cardiac contractility,’ pe- 
ripheral resistance, presence of arte- 
rial narrowing, arterial elasticity,’ 
and others.* In this study, variations 
introduced by abnormalities of car- 
diac contractility were minimized by 
excluding patients with symptomatic 
arteriosclerotic heart disease. Vari- 
ations in peripheral resistance were 
minimized by examining the patient 
at rest, avoiding exercise prior to 


testing, and using a constant room 
temperature. Consequently, the ob- 
served changes of the systolic pres- 
sure slope in this study were con- 
cluded to be due to arterial occlusion, 
stenosis, or the accompanying loss of 
arterial elasticity. 

One possible objection to this tech- 
nique is that the values of the ankle 
systolic pressure slope (dP/dt) 
recorded from patients with normal 
peripheral arteries were somewhat 
lower than the values usually re- 
corded more centrally by direct in- 
traarterial measurement. There are 
several possible explanations. First, 
the pressure cuff may fail to transmit 
the total recorded pressure to the ves- 
sels, and this problem is particularly 
apparent at the ankle level. Second, 
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the value of dP/dt recorded centrally 
by direct intraarterial measurement 
is usually measured as the maximum 
slope (ie, dP/dt max) rather than the 
mean systolic slope. The indirect 
method produces an accurate mean 
systolic pressure slope but is not sen- 
sitive enough to enable calculation of 
dP/dt max. Finally, cuff pressure al- 
ters pulse wave velocity, particularly 
as cuff pressure approaches systolic 
levels, and this in itself delays pulse 
arrival in a nonlinear way and tends 
to reduce the slope. As long as the 
flow detector is close to the cuff, the 
error thus introduced into the calcu- 
lation of the systolic pressure slope is 
minimal. Therefore, the apparent dis- 
crepancy between central dP/dt and 
the mean systolic pressure slope mea- 
sured in this study does not affect the 
accuracy or validity of this technique 
for assessing peripheral arterial dis- 
ease. 

The measurement may have wide 
clinical usefulness because many 
types of equipment can be adapted 
for use. The ECG or other peripheral 
pulse can be used as the reference 
from which to make the time mea- 
surements. The onset of flow may be 
signalled by a plethysmograph as in 
this study, a Doppler ultrasound flow 
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detector, or by detecting the Korot- 
koff sounds with a microphone or 
piezoelectrical crystal. In addition, di- 
rect display of the pressure curve is 
possible using an oscilloscope.®° The x 
axis (horizontal sweep) is triggered 
by the R wave of the ECG, the y axis 
controlled by the cuff pressure by 
means of a transducer, and the Z mod 
(trace brightness) triggered by the 
flow detector. The trace may be pho- 
tographed and the systolic pressure 
slope measured directly. 

The measurement of systolic pres- 
sure slope at the ankle promises to be 
useful for the assessment of the se- 
verity of peripheral arterial occlusion. 
It is noninvasive, easily and quickly 
repeatable, and can be carried out 
with commonly available laboratory 
equipment. Above all, it seems to be 
capable of distinguishing with ac- 
ceptable accuracy not only those pa- 
tients with arterial occlusion but also 
those with major or minor stenosis. 


The Roscoe Graham Foundation and the On- 
tario Department of Health financed research 
fellowships for Dr. Johnston. Surgeons and phy- 
sicians of King’s College Hospital Medical 
School, London, gave permission for the study of 
their patients; Alan Short and Peter Fish as- 
sisted with the electronic and recording proce- 
dures, and Martin B. Clark and Jack Therlwell 
performed statistical calculations. 
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Intrinsic Plasma Volume Deficits in 


Patients With Coronary Artery Disease 


Effects of Myocardial Revascularization 


Lawrence H. Cohn, MD; Peter Klovekorn, MD; Francis D. Moore, MD; 


John J. Collins, Jr., MD, Boston 


Plasma volumes, red blood cell volumes, 
large vessel hematocrit readings, and total 
blood volumes were measured before oper- 
ation, immediately after operation, and four 
to six months later in 12 patients with coro- 
nary artery obstruction, disabling angina, 
and normal left ventricular function. There 
were significant plasma volume deficits in all 
patients before and six months after oper- 
ation despite complete amelioration of 
angina and replenishment of the plasma vol- 
ume immediately after surgery. The impor- 
tance of recognizing possibly significant pre- 
operative oligemia in patients undergoing 
coronary revascularization is emphasized. 


Ja 


U nrecognized preoperative blood 

volume deficits may complicate 
the operative and postoperative 
course of patients undergoing coro- 


For editorial comment see page 14. 


nary revascularization. It has been 
previously noted that the volume re- 
quirements of patients with coronary 
artery disease and normal left ven- 
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tricular function after cardio- 
pulmonary bypass are considerably 
different than those of patients with 
valvular heart disease undergoing 
open-heart surgery.' In fact, patients 
with coronary artery disease and nor- 
mal left ventricular function have 
been demonstrated to have signifi- 
cant preoperative deficits in plasma 
volume.” This study was undertaken 
to provide additional data on the pos- 
sible cause of this abnormality and to 
determine if increasing myocardial 
blood supply by coronary bypass 
grafting could alter the deficit in the 
plasma volume in these patients. 


Method 


Twelve adult patients were studied. The 
11 men and one woman ranged in age from 
36 to 63 years, averaging 45 years. The 
body weight ranged from 62 to 94.5 kg, 
averaging 73 kg. All had chronic, disabling 
angina pectoris and their conditions were 
evaluated by coronary arteriography and 
left ventricular catheterization. All pa- 
tients had normal ventricular function as 
determined by left ventricular end-dias- 
tolic pressure and calculation of the bi- 
plane systolic ejection fraction; left ven- 
tricular end-diastolic pressure was less 
than 14 mm Hg and the ejection fraction 
was greater than 40% in all cases. Significant 
coronary obstruction (> 90%) was demon- 
strated in all patients. Two patients had a 
single coronary lesion, and ten had at least 
two vessels involved. There was no histori- 
cal or physical evidence of left- or right- 


sided congestive heart failure in any pa- 
tient. Seven of the patients had suffered 
prior myocardial infarction, five patients 
had been treated with propranolol hydro- 
chloride in addition to coronary vasodilator 
therapy. Five patients had systemic hyper- 
tension with systolic pressures of 140 mm 
Hg or greater and diastolic pressures of 90 
mm Hg or greater. 

All patients underwent direct coronary 
revascularization with saphenous vein by- 
pass grafts; two patients underwent single 
bypass graft to the left anterior descend- 
ing (LAD), five patients had bypass grafts 
to the right coronary artery (RCA) and 
LAD, and five had bypass grafts to the 
RCA, LAD, and circumflex artery. Oper- 
ations were performed with cardio- 
pulmonary bypass and the use of complete 
hemodilution with priming fluid composed 
of 1,800 ml of lactated Ringer solution, 100 
gm of serum albumin, and 25 gm of glu- 
cose, a mixture to simulate the oncotie 
pressure of human plasma. Cardio- 
pulmonary bypass time ranged from 45 to 
200 minutes, averaging 130 minutes. Re- 
sidual oxygenator blood was centrifuged at 
the conclusion of the bypass period and red 
blood cells (RBC) were given intravenously 
to the patients in the recovery room. 

The patients were monitored for left and 
right atrial pressure, systemic arterial 
pressure, and urine output for 24 hours. 
Packed RBC volume in the first 24 hours 
was maintained at approximately 35% to 
40% by alternating plasma and blood vol- 
ume replacement. Volume replacement 
was monitored by utilizing the filling pres- 
sure from both sides of the heart and the 
blood was administered by a computer- 
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Actual RBC volume, ml/kg 
Predicted RBC volume, ml/kg 


Actual RBC volume/predicted 
RBC volume, % 


Actual PV, ml/kg 

Predicted PV, ml/kg 

Actual PV/predicted PV, % 
Actual BV, ml/kg 

Predicted BV, ml/kg 

Actual BV/predicted BV, % 
Large vessel Hct value, % 















Table 1.—Comparative Preoperative and Postoperative Data With Control Group* 


Preoperative X + SE 


25.37 (19.48 + 0.83 29.47) 19.99 
26.60 (22.99 + 0.46 28.60) 26.60 
95.3 (83.4 £2.6 111.1) IE% 
35.80 (28.80 + 1.17 41.37) 40.46 
43.84 (40.46 + 0.52 46.66) 43.84 
81.6 (64.6 + 2.2 91.8) 90.4 
61.17 (55:51: £1.52 69.21) 60.45 
70.43 (65.27 +0.92 75.26) 70.43 
86.8 (83.7 +1.7 95.5) 83.7 
45.9 (37.6 + 1.3 52.5) 36.6 








* PV signifies plasma volume; BV, blood volume. 


regulated volume infusion pump.’ Red 
blood cell volume, plasma volume (PV), 
total blood volume (TBV), and large ves- 
sel hematocrit (LVH) reading were deter- 
mined in all patients before operation, one 
day after operation, and again four to six 
months later when they were asympto- 
matic and presumably had recovered from 
the effects of surgery. Control values for 
RBC volume, PV, and TBV were obtained 
from measurements in 40 normal volun- 
teers from the surgical research laboratory 
of Peter Bent Brigham Hospital compa- 
rable in both age and body surface area to 
the experimental subjects. 

Patients were in the fasting state for 
the volume determinations. All patients 
were studied preoperatively at least three 
weeks after cardiac catheterization and 
use of all medications was discontinued at 
least two days prior to study. Red blood 
cell volume was determined by tagging of 
autologous RBC with radioactive chro- 
mium.’ Following reinjection of the pa- 
tients, tagged RBC samples were taken at 
10-, 20-, and 40-minute intervals. Plasma 
volume was determined with Evans blue 
with samples taken at 10, 20, and 40 min- 
utes and measured in an Evelyn chroma- 
tometer.‘ Calculation of RBC volume and 
PV were done by standard blood volume 
formulas.’ Total blood volume was deter- 
mined by adding the independently calcu- 
lated RBC and plasma volumes. Large ves- 
sel hematocrit reading was determined 
from a blood sample removed from an an- 
tecubital vein. 

The ratio of the actual RBC volume to 
predicted RBC volume, actual PV to pre- 
dicted PV, and actual to predicted TBV 
were determined: Comparisons of data 
were made between hypertensive and nor- 
motensive patients as well as those treated 
and those not treated with propranolol. 


Results 


Results of the blood volume deter- 
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Actual RBC volume, ml/kg 
Predicted RBC volume, ml/kg 


Actual RBC volume 
predicted RBC volume, % 


Actual PV, ml/kg 
Predicted PV, ml/kg 
Actual/predicted, % 
Actual BV, ml/kg 
Predicted BV, ml/kg 
Actual/predicted, % 
Large vessel Hct value, % 


* See Table 1 footnote. 




















minations and comparisons with val- 
ues of the normal controls before and 
after operation are summarized in 
Table 1. 

Before operation, the hematocrit 
value was 38% to 53%, averaging 46% 
and RBC volume was 25.37 ml/ 
kg + 0.83 (SE). The RBC volume was 
95.2% +2.6% of the predicted value 
for the age, height, and weight. Each 
patient demonstrated a plasma vol- 
ume deficit. Plasma volume ranged 
from 28.80 to 41.87 ml/kg and aver- 
aged 35.80 +1.17 ml/kg. When this 
was compared to the predicted PV for 
age, height, and weight for each pa- 
tient, the ratios ranged from 64.6% 
to 91.8%, averaging 81.6% or nor- 
mal +2.2%. This difference was 
highly significant when compared 
to the predicted plasma volumes 
(P<.01). The total blood volume 
ranged from 55.51 to 69.21 ml/kg, 
averaging 61.17 ml/kg +1.52. The 
average predicted TBV was'70.43 ml/ 
kg + 0.92, giving a ratio of actual to 


Day 1 Postoperative X 


2:36 


6 Month Restudy X + SE 
1.55 25.44 (17.42 + 1.11 31.34) 
0.46 26.70 0.54 
5.6 95.1 (77.1 -£3.1 © 113.5) 
1.33 34.62 (29.35 + 0.83 37.82) 
0.52 44.10 0.51 
3.3 78.6 (69.3 £1.8 90.3) 
60.06 (46.76 + 1.72. 67.50) 
0.92 70.74 0.92 
3.4 85.2 (72.0 =+ 1.9 92.0) 
45.8 (39.7 + 1.0 51.0) 


1.0 





Table 2.—Comparative Data With Hypertensive and 
Normotensive Patients* 


Hypertensive Normotensive 
X + SE (N = 5) x = SE (N=7) 
26.00 + 0.84 24.92 + 1.32 


27.22 + 0.64 





95.7 +£3.9 
34.98 + 2.68 






44.41 + 1.05 43.42 + 0.50 
78.6 +5.0 83.8 +1.5 
60.98 = 3.05 61.31 + 1.68 
71.64 = 1.69 69.58 = 1.00 
85.1 +3.5 88.1 +1.6 


47.1 =£2.2 




















26.15 = 0.62 









95.1 +3.8 
36.39 + 0.86 








45.0 +1.6 





predicted TBV of 86.8% + 1.17%. 

Comparisons of blood volume com- 
ponents were also made between the 
five hypertensive patients and seven 
normotensive patients (Table 2). The 
predicted ratio of actual to predicted 
RBC volume was 95.7% in the hyper- 
tensive group and 95.1% in the nor- 
motensive group; the ratio of actual 
to predicted PV in the hypertensive 
group was 78.6% +3.5% and in the 
normotensive group 83.1% + 1.6%; 
(the difference was not significant: 
P=.33). Large vessel hematocrit 
value averaged 47.1% +2.2% in the 
hypertensive group and 45.0% + 1.6% 
in the normotensive group. There was 
also no difference in values between 
patients treated with propranolol and 
those untreated. 

Measurements were made 24 hours 
postoperatively after adequate vol- 
ume replacement had been accom- 
plished and the hemodynamic condi- 
tion was stable. The ratio of the 
observed RBC volume to predicted 
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Fig 1.—Red blood cell volume, PV, and TBV of patients studied 
preoperatively and four to six months postoperatively. Patients with 
coronary artery disease (cross-hatched bars). Normal control values 
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Fig 2.—Changes with coronary revascularization and return to 
preoperative values four to six months postoperatively. Preoperative 
velues are considered 100%. Note similar values for RBC volume, 





(diagonally lined bars). 


RBC volume equaled 73.7% +5.6%, 
while the ratio of the observed PV to 
predicted PV was 90.4% + 3.3%. 
Eleven patients were restudied be- 
tween four and six months following 
surgery. All had been relieved of their 
angina and were enjoying normal 
physical activity. They were taking 
ne medicatiens. The RBC volume 
ranged from 17.42 to 31.34 ml/kg, 
averaging 25.44 ml/kg +1.11, which 


was 95.1% +3.1% of the predicted 


RBC volume. However, PV ranged 
from 29.35 to 37.82 ml/kg, averaging 
34.62 +0.83 ml/kg and was only 
78.6% of the predicted PV for age, 
height, and weight. There was again 
a significant plasma deficit in every 
patient from 10% to 31%, averaging 
22%. The TBV ranged from 46.76 to 
67.50 ml/kg and averaged 60.05 + 
1.72 ml/kg, which was 85.2% 
+1.9% of the predicted blood vol- 
umes. Hematocrit levels were again 
elevated, ranging from 39% to 51%, 
averaging 45.8% +1.0%. The differ- 
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PY, and BV at restudy period. 


ence between the predicted and ac- 
tual observed PV was highly signifi- 
cant (P<.001). When compared to the 
preoperative values, =here were no 
significant differences in PV or TBV 
(Fig 1 and 2). 

The ratio of whole body hematocrit 
to large vessel hematocrit was deter- 
mined preoperatively and postopera- 
tively in all patients. Whole body 
hematocrit per large vessel hemato- 
crit averaged 0.90 before and after 
operation. This value was within the 
normal range when eompared with 
predicted values for tkis group of pa- 
tients and when compared to calcu- 
lated values in normal human sub- 
jects from this laboratory. 


Comment 


Increasing numbers of patients 
with coronary artery disease and an- 
gina pectoris are being evaluated and 
undergoing coronary revasculariza- 
tion. Careful preoperative and post- 
operative volume management of 


these patients is important to pre- 
vent intraoperative and postopera- 
tive hypotension and myocardial is- 
chemia. We have previously pointed 
out some differences in the dynamics 
of body fluid responses of patients 
with coronary artery disease and val- 
vular heart disease operated on with 
use of blood-primed cardiopulmonary 
bypass.' Patients with coronary ar- 
tery disease and normal ventricular 
function may not show a significant 
increase in extracellular fluid after 
cardiopulmonary bypass as do pa- 
tients with valvular heart disease and 
preoperative congestive heart failure. 
Excessive need for volume replace- 
ment after surgery suggested the 
possibility of preexistent blood vol- 
ume deficits in patients with angina, 
coronary artery disease, and normal 
ventricular function; this observation 
has also been described by Johnson 
and co-workers.’ 

Patients with ischemic heart dis- 
ease have been described as exhib- 
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iting “erythrocytosis” or “relative” 
polycythemia.® Benign polycythemia 
or Gaisbéck syndrome was described 
in 1905’ and has been thought to be 
the result of chronic stress.'*** It 
would now appear that what has been 
previously called “stress poly- 
cythemia” may represent a deficit in 
PV with normal or even slightly de- 
creased RBC volume. The large vessel 
hematocrit reading is above normal 


in most of these patients, but preop- 


erative and postoperative RBC vol- 
ume averaged only 95% of the pre- 
dicted value with a range of 78% to 
115%. Plasma volume deficits were 


found in each patient preoperatively - 


and were almost identical in magni- 
tude when measured four to six 
months postoperatively, despite the 
fact that plasma volume had been 
replenished immediately after sur- 
gery and relief of angina had been 
accomplished as a result of direct cor- 
onary revascularization. 

The mechanism for this plasma vol- 
ume deficit in patients with coronary 
artery disease and normal cardiac he- 
modynamics is obscure. Teleologic 
reasoning would suggest an adaptive 
mechanism to decrease left ventricu- 
lar systolic wall tension, decreasing 
myocardial oxygen consumption, and 
thus decreasing ischemic cardiac 
symptoms in patients with coronary 
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obstructive disease. Clinical observa- 


tions by Parker et al,° Khaja et al," 
and Sanghvi et al have demon- 
strated relief of pacing-induced an- 
gina with phlebotomy, and decreases 
in the anginal threshold with volume 
expansion. After phlebotomy aver- 
aging 276 ml, there was a reduction in 
left ventricular volume and cardiac 
index (9.6%) but no change in brachial 
artery mean pressure, tension time 
index, or maximum raté of increase 
of left ventricular pressure; with rein- 
fusion of blood, angina returned with 
elevation in left ventricular end-dias- 
tolic pressure." It was concluded 
that an increase in left ventricular 
volume is responsible for an increase 
in myocardial oxygen requirements 
and a concomitant decrease in the an- 
ginal threshold.’ Persistent plasma 
deficits in these patients after suc- 
cessful coronary  revascularization 
suggests that myocardial ischemia 
per se is not causally related to the 
plasma volume deficits. 

A second postulated mechanism for 
the PV deficits in these patients is a 
chronically increased sympathetic 
tone. Patients with coronary artery 
disease and angina often have chroni- 
cally increased sympathetic activity. 
The short-term administration of 
catecholamines such as epinephrine or 
angiotensin amide may cause a reduc- 
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tion in the PV" and diminished PV 
is present in patients with elevated 
circulating levels of catecholamines 
due to pheochromocytoma.'* Con- 
versly, PV expansion occurs with gua- 
nethidine sulfate treatment," or ad- 
renergic blockade.*® It has also been 
shown that urinary catecholamine 
levels are increased during acute 
myocardial infarction™™ and in pa- 
tients with angina pectoris after hav- 
ing exercised.” Is it therefore pos- 
sible that these patients have an 
increased overall level of sympathetic 
activity and catecholamine level that 
predisposes to a reduction in PV? Uri- 
nary catecholamines measured in two 
of these patients preoperatively and 
in the late restudy period, however, 
were not elevated to abnormal levels. 
Application of more refined tech- 
niques for measurement of sympa- 
thetic activity in patients with coro- 
nary artery disease may help to 
ascertain the mechanism of the ob- 
served PV deficits. 
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Hereditary Pancreatitis 


Review and Presentation of 
an Additional Kindred 


Michael F. Appel, MD, Houston 


A kindred exhibited hereditary pan- 
creatitis. In this disease, the age of onset is 
generally in the 10- to 15-year range; the dis- 
ease may be any degree of severity. Biliary 
calculi are extremely rare. There has been an 
increased occurrence of malignant pan- 
creatic tumors in the families. Twenty per- 
cent have required operative treatment, and 
study of the families leads to the conclusion 
that surgery in the future should be per- 
formed earlier than in the past. 


nH pancreatitis is a 
form of pancreatitis first de- 


scribed in 1952 by Comfort and Stein- 
berg... The disease is inherited 
through an autosomal dominant gene, 
not sex-linked, and of incomplete 
penetrance. The family members in 
approximately half of the 18 kindreds 
found currently in the literature? 
excrete a cystine-like amino acid in 
the urine, and the other half do not. 
The presence or absence of this ami- 
noaciduria has made no difference in 
the clinical picture in this disease. 
The purpose of this report is to de- 
scribe a kindred of hereditary pan- 
creatitis, with details in two of the 
family members that illustrate some 
of the important features of this type 
of disease. 
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Report of a Kindred 


The present kindred has been traced for 
four generations, and the proband is in the 
third generation (Fig 1). 

The proband, who was 32 years of age 
when seen by us, first developed pan- 
creatitis at age 13, following an episode of 
blunt abdominal trauma treated with sple- 
nectomy and caudal pancreatectomy. Af- 
ter a prolonged period of time during 
which malabsorption and mild diabetes de- 
veloped, chemical and later surgical 
splanchnicectomy were performed. We 
first saw the patient one year after the 
splanchnicectomy when the symptoms of 
abdominal and back pain returned. Physi- 
cal examination findings were remarkable 
for epigastric tenderness without palpable 
mass. Laboratory data disclosed a normal 
blood cell count and amylase and lipase 
levels. Findings from a glucose tolerance 
test revealed a diabetic curve. The urine 
showed no evidence of amino acids. An ab- 
dominal x-ray film showed calcifications 
throughout the pancreas. 

We performed total pancreatectomy 
(Fig 2 and 3), and the patient’s early post- 
operative course was smooth. Subse- 
quently, she had difficulties managing her 
surgically induced diabetes, but was other- 
wise doing well three years following sur- 
gery. Backpain’ was present inter- 
mittently. 

The proband has two daughters, one of 
whom is affected by pancreatitis. At age 8 
years, the child initially had epigastric 
pain and vomiting. She had a mass in the 
right epigastric area. Laboratory data dis- 
closed a normal blood cell count and serum 
amylase level. The urine showed no evi- 
dence of amino acid. At surgery, a 
pseudocyst was present in the head of the 


Pancreatitis/Appel 63 


S 
<or 


F 


( 
axe 


. ok anne 


i (Fe O; E 







NO), Bo tJs Oz 








Omie. O, 





T RP ee 9 Proband 





O Female 

O Male 

@ Pancreatitis by History 
@ Pancreatitis Proven 

N Deceased 


Fig 1.—Genealogical chart of kindred presented. 


pancreas, and this was drained internally 
by cystoduodenostomy. The amylase value 
of the pseudocyst fluid was elevated to 760 
units, and the tissue that was removed for 
biopsy confirmed the clinical impression. 
Further pain necessitated a Puestow pro- 
cedure 1% years later, but she has done 
well one year after that last operation. 
The proband’s brother died at age 27 of 


- rupture of a pancreatic pseudocyst, and his 


two children both have pancreatitis, 
though neither condition has required sur- 
gical intervention. 

Possibly, the proband has one aunt with 
pancreatitis, and one of this aunt’s three 
children is suspected of having pan- 
creatitis (Table). 


Comment 


The clinical picture of hereditary 
pancreatitis that emerges from this 
kindred and from the literature is 
fairly consistent. The age of onset of 
clinical manifestations has been typi- 
cally in the 10- to 15-year age range. 
The traumatic event in the proband 
appears unrelated to the pancreatitis. 
The severity of pancreatitis runs the 
entire spectrum from episodes of mild 


abdominal pain accompanied by ele- 


vation of serum amylase levels to se- 
vere hemorrhagic pancreatitis, with 
all variations between. The develop- 
ment of pseudocysts of the pancreas 
has been noted in these patients. 
There has been a striking absence of 
biliary calculi associated with any of 
these patients. Approximately 20% of 
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patients with clinical forms of pan- 
ereatitis have required surgery, yet 
the literature indicates that the sur- 
gical approach to chronic pancreatitis 
is generally unsatisfactory as re- 
flected by the numerous procedures 
employed. The procedures reported in 
the literature have included cholecys- 
tectomy, cholecystectomy with explo- 
ration of the common bile duct, 


sphincteroplasty, caudal pancrea- 
tectomy, Puestow procedure, total 
pancreatectomy, splanchnic nerve 


section, and various combinations of 
these procedures. 

The role of surgery in the manage- 
ment of hereditary pancreatitis can 
be illustrated by citing some of the 
examples in the literature. Carey “has 
described three members of one kin- 
dred who had hypercalcemia along 
with their clinical pancreatitis. One of 
these three patients had a parathy- 
roid adenoma that was removed, but 
no improvement in the pancreatitis 
ensued. Two other hypercalcemic 
family members had normal results 
from neck explorations, and two addi- 
tional members of this family with 
pancreatitis, who were normocalce- 
mic, had cholecystectomy and sphinc- 
terotomy with no improvement in 
their pancreatitis. 

Other cases, however, indicate more 
positive results from surgery. Robe- 
chek" cites one family in which three 





Fig 2.—Gross photograph of pancreas re- 
veals its short length due to earlier distal 
pancreatectomy. Main duct is opened to 
show calculi contained within. 





Fig 3.—Photomicrograph of pancreas 
shows extensive fibrosis. A major duct is 
shown compressed by fibrotic process. 


members with pancreatitis had hy- 
pertrophic stenosis of the sphincter of 
Oddi, causing obstruction of the bile 
duct, and these three patients were 
all relieved of their pancreatitis with 
sphincteroplasty. These three pa- 
tients were unusual in that they are 
the only ones in the literature who 
had dilated common bile ducts and 
who also improved with sphinctero- 
plasty. 

Whitten and associates’ described 
a mother and daughter with pan- 
creatitis. Their kindred had not been 
completely investigated, but heredi- 
tary pancreatitis seems to be the un- 
derlying cause. The 5-year-old daugh- 
ter had not required surgery, but her 
29-year-old mother had been treated 
by total pancreaticoduodenectomy 
and had been cured of her abdominal 
pain. 
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Probably the most hopefal report in 
the literature regarding the early 
diagnosis and management of heredi- 
tary pancreatitis was made by Ger- 
ber’ in 1963. In this kindred, there 
were six patients with pancreatitis, 
two proven by surgery and four sus- 
pected clinically. The author operated 
on two of the boys, ages 11 and 12, 
and performed side-to-side pan- 
creaticojejunostomies. One of these 
boys had a smooth postoperative time 
with several episodes of only mild ab- 
dominal pain requiring hospitaliza- 
tion. The other boy had no episodes of 
abdominal pain until ar unrecog- 
nized, strangulated intestinal ob- 
struction developed that led to his 
death. 

These two cases appear to demon- 
strate a positive use of the surgical 
approach to the problem of hereditary 
pancreatitis. It is important to note 
that Gerber chose to operate on these 
patients shortly after the onset of 
their disease and to do a definitive op- 
eration. At the time of their surgery, 
neither boy had far-advaneed chronic 
pancreatitis with the typical changes 
of end-stage disease. It would be 
hoped that early definitive surgery 
would prevent the repeated episodes 
of pancreatic inflammazion from 
causing the glandular destruction so 
common to this disease and from 
leading to the pain-narecotics cycle 
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Summary of Present Kindred 





Symptoms 








that so often marks the long-term 
course of patients with pancreatitis. 
These are the only two cases of hered- 
itary pancreatitis treated in this 
manner and reported in the litera- 
ture, and long-term follow-up on the 
surviving patient will be most impor- 
tant. 

There has been a coincidental in- 
creased occurrence of malignant pan- 
creatic tumors in these families with 
hereditary pancreatitis." There are a 
total of eight cases of malignant tu- 
mors reported, the youngest occur- 
ring in a 39-year-old man. The statis- 
tics are not yet large enough to be 
conclusive, but this appears to be a 
higher than expected incidence of 
pancreatic neoplasm in these fam- 
ilies. Seven of the tumors have been 
pancreatic adenocarcinomas, and 
there is one cystadenocarcinoma re- 


ported. Several of the pancreatic tu- 


mors have been in family members 
who did not have clinical pancreatitis. 
There are no five-year cures reported. 
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25]-Fibrinogen Uptake and 
Bilateral Impedance Rheography 


Diagnosis of Postoperative Venous Thrombosis 


Alan B. Gazzaniga, MD; Douglas I. Will; Judy B. Shobe, RN; Robert H. Bartlett, MD; 
Jack I. Eisenman, MD; Mortimer E. Morton, PhD, MD, Irvine, Calif 


The detection of venous thrombosis by 
'5|-fibrinogen uptake and impedance rhe- 
ography was compared in 80 randomly se- 
lected postoperative patients. The **I-fibrin- 
ogen test was positive in ten (12.5%). 
Phlebography in nine of these patients 
showed thromboses in seven and possible 
thromboses in two. The impedance test was 
positive in three patients who also had ab- 
normal results from the ‘*I-fibrinogen test. 
Phlebograms showed clots above the poplit- 
eal vein in these three. The ‘*l-fibrinogen 
method is better for studying the pathogen- 
esis and prevention of thrombosis in a group 
of patients. The impedance method is better 
for studying patients with existing thom- 

bosis. 


mpedance plethysmography (rhe- 
ography) for the diagnosis of deep 
venous thrombosis of the legs was in- 
troduced by Mullick et al’ in 1970. 
Their initial enthusiasm has been 
dampened by Dmochowski et al,’ who 
showed a large number of false-posi- 
tive responses with their method. We 
have documented that false-positive 
response with the impedance method 
can be greatly reduced by alteration 
in the respiratory maneuver.’ How- 
ever, the more important problem of 
false-negative responses has not been 
resolved. A recent report by Steer et 
alt indicated a significant number of 
false-negative results with use of the 
impedance method when compared to 
use of ascending phlebography. The 
i2>]-fibrinogen technique refined by 
Flanc et al? is less invasive and proba- 
bly more accurate than ascending 
phlebography. Unlike phlebography, 
it permits serial measurement. This 
report presents a comparison of ***I- 
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fibrinogen uptake and the bilateral 
impedance method as originally de- 
scribed by us in 1972.5 


Methods 


Eighty patients undergoing surgical 
procedures volunteered for this study. 
There were 47 women and 33 men whose 
ages ranged between 21 and 76 years. 
Women with child-bearing potential and 
patients with a previous history of infec- 
tious hepatitis or allergy to iodide com- 
pounds were excluded from this study. Pa- 
tients were randomly selected, informed of 
the risks and benefits involved, and writ- 
ten permission was obtained. On the day 
prior to operation, 150 mg of sodium iodide 
was injected intravenously and one hour 
later, 100 microcuries of ’*I-fibrinogen was 
injected. At least ten minutes were allowed 
for mixing and the patient’s legs were 
then elevated 10 degrees and scanned with 
a scintillation counter. Readings were ob- 
tained over the thyroid, precordia, and at 
7-em intervals along the anterior medial 
aspect of each leg, starting at the inguinal 
ligament for ten points per leg. Each read- 
ing was taken for at least 1,000 counts and 
the time recorded. The rates were calcu- 
lated and a fractional ‘uptake obtained 
relative to the heart (/H) and either right 
or left inguinal ligament (/T).' After sur- 
gery, scans were obtained approximately 
every other day, beginning on the first 
postoperative day, until discharge from 
the hospital. The relative uptakes obtained 
were converted to relative indexes (RI/H, 
RI/T). If the relative index for a given 
point exceeded the mean relative index of 
the 20 leg readings by +0.25 (about 3 SD), 
the point was considered questionable and 
a second scan was obtained the next day. 
If the same point was elevated for two suc- 
cessive readings, it was considered an ab- 
normal finding and phlebography of that 
leg was performed. 

The conditions of the same patients 
were evaluated preoperatively with a bilat- 
eral impedance rheograph. The original 
rheograph described in our previous report 
has been modified to include a hexapolar 
configuration. That is, there are three elec- 


trodes used on each calf instead of four 
(Fig 1). One electrode is placed just above 
the malleolus and then two voltage-sensing 
electrodes are placed across the calf re- 
gion. These electrodes are connected to a 
bilateral impedance rheograph, which has 
a two-channel heat pen recorder, with au- 
tomatic zeroing. The rheograph is inter- 
nally calibrated and does not need to be re- 
calibrated prior to use. The respiratory 
maneuver has been altered to include a 
Valsalva maneuver, and if the response is 
in a normal range (AR/Ro> .19%), the ma- 
neuver is repeated after saphenous vein 
occlusion with use of thigh tourniquets.* If 
both these maneuvers are normal, the pa- 
tient is considered to have patency of his 
deep venous system. 

If during the postoperative period the 
patient developed an abnormal test result 
with either the fibrinogen or the imped- 
ance method, then the leg in question was 
studied with phlebography. Phlebograms 
were performed as described in a previous 
report® and were interpreted indepen- 
dently by a member of the Radiology De- 
partment (J.I.E.). 

Patients were examined daily for signs 
of deep venous thrombosis or pulmonary 
embolism. None of the patients had clinical 
findings of phlebitis without the ‘**1-fibrin- 
ogen uptake or impedance methods show- 
ing abnormal results. 


Results 


Ten of 80 patients had abnormal 
28]-fibrinogen scans within two to six 
days following surgery. Nine of these 
ten patients underwent phlebogra- 
phy, which confirmed venous throm- 
bosis in seven cases. In two patients 
the phlebograms were equivocal; one 
patient refused phlebographic stud- 
ies. Three of the 80 patients had ab- 
normal impedance rheography find- 
ings. These three patients also had 
abnormal '°I-fibrinogen scans; all had 
abnormal phlebographic results. 

Of 33 men, seven had a positive fi- 
brinogen uptake test. Phlebography 
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Bilateral 
Impedance 


Rheograph 





Fig 1.—Hexapolar configuration with con- 
stant current electrode positioned above 
malleoli. 


Fig 2.—Phlebogram of right leg showing 
thrombus in femoral vein. Patient had ab- 
normal findings from impedance and fibrin- 
ogen upteke tests. 
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Fig 3.—Phlebograms of left leg demon- 
strating venous thrombus in calf vein tribu- 
tary. Fibrinogen uptake test was positive 
but impedance test findings were normal. 


was equivocal in two, showed small 
clots below the popliteal vein in two, 
and clots in the popliteal vein and 
femoral vein in two. The latter two 
patients had abnormal impedance 
test results; all others were normal. 
One patient refused phlebography. 
Five of these seven patients were un- 
dergoing operation for malignant 
neoplasms: lung (three), prostate 
(one), and Hodgkin staging (one). A 
man who underwent jejunoileal by- 
pass for obesity was the only patient 
in the entire group with definite clini- 
cal findings. Anticoagulation was in- 





Detects 

higher 

False-negative 
results 

thrombi 


False-positive 
results 


Advantages 1. Noninvasive 


2. No risk 
3. Easily repeated 


Disadvantages 
popliteal level 


proper Valsalva 





Comparison of !]-Fibrinogen Uptake and impedance Rheography 


Impedance Rheography 
Thrombosis at popliteal level or 


1. All minor thromboses 
2. Chronic & recannalized 


3. Minimized by Valsalva 
& saphenous occlusion 


None with proper Valsalva 


4. May be instituted any time 
5. Best for studying patients 
with clinical findings 


1. False-negative results below 


2. Requires cooperation, 


stituted in this patient and later 
discontinued because of incisional 
bleeding. Major pulmonary embolism 
occurred two days later. 

Of 47 women, three had a positive 
‘1-fibrinogen uptake test. Phlebog- 
raphy showed small clots below the 
popliteal vein in two and clots in the 
femoral vein in one (Fig 2). The latter 
patient was the only woman to have 
an abnormal impedance study result. 
This patient had undergone vaginal 
hysterectomy and was in the lith- 
otomy position for 2% hours. She had 
a previous history of thrombophle- 
bitis. Two of these three patients had 
malignant neoplasms: carcinoma in 
situ of the cervix and carcinoma of 
the breast. An example of venous 
thrombosis in the smaller calf vein, 
which was detected by ‘*I-fibrinogen 
uptake but not by impedance rheog- 
raphy, is shown in Fig 3. No patient 
in this group had clinical findings. 

One patient (mentioned above) de- 
veloped pulmonary emboli confirmed 
by ventilation perfusion lung scan, 
None of the other patients developed 
evidence of thrombophlebitis or pul- 
monary emboli, either in the immedi- 
ate postoperative period or in late fol- 
low-up. Two patients were given 
warfarin sodium for the entire course 
of their disease (six weeks); neither 
experienced complications from anti- 
coagulant therapy. In both situations 
the '**I-fibrinogen uptake and imped- 





'5|-Fibrinogen Uptake 
All thromboses from 
inguinal ligament distally 
Probably none 









Probably none, but 20% have 
equivocal phlebograms 
1. Very sensitive 
2. Good localization 
3. Best for pathogenesis 
studies 











1. Invasive 

2. Radiation risk (minimal) 

3. Must be instituted before 
or while thrombosis is 
occurring (misses 
established clots) 

4. Hepatitis transmission 

possible 
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ance responses returned to normal. 


Comment 


This study indicates that the im- 
pedance method for the diagnosis of 
deep venous thrombosis has a high 
incidence of false-negative results. 
Seven of ten patients with positive 
25]-fibrinogen uptake tests had ve- 
nous thromboses documented by 
phlebography. Impedance results 
were abnormal in three of these pa- 
tients and normal in seven. The im- 
pedance test was never positive when 
the thromboses were confined to the 
small veins of the calf, but always 
positive when clots were identified at 
the popliteal or femoral level. 

The impedance method depends on 
the respiratory maneuver to suffi- 
ciently obstruct venous return and 
produce pooling with alteration in 
limb impedance. In the presence of a 
major venous thrombosis there is 
little alteration in leg venous volume 
during the respiratory maneuver and 
abnormal response is obtained. Iso- 
lated thromboses located within the 
anterior or posterior tibial veins or 
peroneal veins in the calf may not 
significantly reduce the venous vol- 
ume of the leg. An abnormal test re- 
sult might be obtained in the region 
below the popliteal vein if nearly all 
the deep veins were totally occluded. 
In that situation, however, the diag- 
nosis of venous thrombosis should be 
clinically detectable. 

The impedance method, although 
limited to the diagnosis of major 
venous occlusions only, is still quite 
helpful. If the occlusion occurs in the 
popliteal vein, deep femoral vein, or 
iliac vein, the impedance method 
(done as described) will detect it. 
Chronic venous thrombosis may give 
a normal test result because of super- 
ficial venous collateralization. This 
false-negative response can be cor- 
rected by saphenous occlusion. When 
the Valsalva maneuver and saph- 
enous occlusion are used, false-nega- 
tive responses do not occur when the 
thrombosis is located in the popliteal 
vein, femoral vein, or iliac vein.’ 

The impedance test can be done 
without prior preparation in any co- 
operative patient, and is totally non- 
invasive. It is particularly valuable in 
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documenting the patency of the deep 
and superficial venous systems in pa- 
tients with findings suggestive of 
thrombophlebitis or pulmonary embo- 
lism. It can be repeated at will, and 
therefore is the method chosen for 
follow-up of patients with suspected 
or established major thromboses. 

Since the introduction of the I- 
fibrinogen method, there has been 
discussion as to whether it is too sen- 
sitive. It is more sensitive than 
phlebography, if the two equivocal 
phlebograms can be considered evi- 
dence of very small thrombi. Venous 
thrombosis in small calf veins may 
not necessarily be of potential harm 
to the patient; however, one patient 
in this series with small calf vein 
thromboses did develop serious pul- 
monary embolism. Small thromboses 
in these calf veins might propagate 
and thereby lead to larger clots that 
are potentially dangerous. Further 
studies with '*°]-fibrinogen are under- 
way to determine if patients with 
small calf vein thrombosis detected 
by this technique should be treated 
with anticoagulant drugs. Even more 
important is the opportunity afforded 
by the '°I-fibrinogen technique to ob- 
jectively study the pathogenesis and 
prevention of venous thrombosis af- 
ter operation. Previous studies rely- 
ing only on clinical observation are of 
questionable value. Studies with rou- 
tine impedance measurements are 
more accurate, but may miss 60% of 
minor thromboses. 

Some examples of the usefulness of 
the I-fibrinogen technique in estab- 
lishing the pathogenesis of venous 
thrombosis are evident in this series. 
The incidence of thrombosis as seen 
from abnormal '°I-fibrinogen uptake 
study results in the population at risk 
in various age groups was as follows: 
for patients less than 40 years of age, 
three of 26 (12%); for those between 
40 and 60, three of 34 (9%); and for 
those over 60, four of 20 (20%). The in- 
cidence increased after age 60. The 
incidence of thrombosis is related to 
the population by type of disease, 
since patients with cancer (eight of 16 
[50%]) seem much more susceptible to 
thrombosis than those without it (two 
of 64 [3%]) in this series of 80 pa- 
tients. 


The ultimate solution to the prob- 
lem is to prevent venous thrombosis 
from occurring in the first place. To 
this end, various methods such as low- 
dose heparin sodium therapy, intra- 
operative calf stimulation, or com- 
pression have been tried with vari- 
able success.**’ No completely satis- 
factory protocol has been established 
and the need for early diagnosis of 
deep venous thrombosis exists. The 
:25]-fibrinogen uptake method has 
done much to solve the diagnosis 
problem, but it is limited in that it 
cannot distinguish clots in the iliac 
vein or proximal part of the femoral 
vein, does not detect established 
thromboses, and is invasive with pos- 
sible hepatitis transmission. The im- 
pedance method is limited to throm- 
bosis of the deep venous system 
exclusive of the segmental veins in 
the calf. The two methods are com- 
pared in the Table. The combination 
of the two modalities might prove to 
be the best approach for screening 
postoperative patients. 
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Proximal Pain in Carpal Tunnel Syndrome 


Michael Cherington, MD, Denver 


Seventy-two patients (90 limbs) with car- 
pal tunnel syndrome had symptoms proxi- 
mal to the wrist. Of the 49 of these in whom 
surgical correction was performed, 46 expe- 
rienced disappearance of the proximal symp- 
toms. Proximal slowing of median nerve 
conduction velocity occurred in 32 limbs, 
only 22 of which, however, showed proximal 
symptoms. The diagnosis of carpal tunnel 
syndrome should not be excluded because 
proximal symptoms are present. Nerve con- 
duction studies can be helpful in establish- 
ing the correct diagnosis. 


Erion of the median nerve 
at the wrist is the cause of the 
carpal tunnel syndrome. The typical 
symptoms are tingling in the thumb, 
index, third, and half of the fourth 
finger. The symptoms are often worse 
at night and can awaken the patient 
from sleep. Activities that involve 
flexion of the wrist may increase the 
intensity of the discomfort in the 
hand. In time, the patient may de- 
velop atrophy of the lateral thenar 


eminence. The correct diagnosis can . 


be confirmed in most cases by elec- 
tromyography. Surgical decompres- 
sion usually produces dramatic relief. 

The presence of symptoms proxi- 
mal to the wrist might lead the clini- 
cian away from the proper diagnosis. 
It is important to emphasize that 
proximal symptoms are consistent 
with the diagnosis of the carpal tun- 
nel syndreme,' and, as discussed in 
this report, are seen in the majority 
of cases. 

The proximal pain is most often de- 
scribed as dull and aching. It is of 
low-grade discomfort and usually less 
annoying than the numbness in the 
hand. The proximal sites are usually 
in the antecubital region and the lat- 
eral aspect of the shoulder. 


This study was conducted in order > 


to collect data on the frequency of 
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proximal symptoms in patients with 
carpal tunnel syndrome. 


Methods and Results 


Seventy-two patients (50 women 
and 22 men) reported here were seen 
in the electromyography laboratories 
of Colorado General Hospital, Mercy 
Hospital, Presbyterian Hospital, and 
St. Anthony Hospital during the 
months from January 1972 to Janu- 
ary 1973. Patients included were 
those whose nerve conduction studies 
and needle EMG studies were consis- 
tent with carpal tunnel syndrome 
only. For the median nerve, the upper 
limit of normal for the motor distal 
latency is 4.4 msec; the upper limit of 
normal for the sensory distal latency 
is 3.4 msec. In some cases, the sensory 
distal latency is prolonged while the 
motor latency is still within normal 
limits.? Those patients who had elec- 
trical changes in territory outside of 
the median nerve were not included. 

Nerve conduction studies were per- 
formed in the usual manner. Stimu- 
lating electrodes were placed over the 
vicinity of the median nerve at the el- 
bow and at the wrist. Supramaximal 
nerve stimulation was applied each 
time. Recording electrodes were 
placed over the thenar muscle. Sen- 
sory nerve conduction studies were 
obtained by stimulating digital 
branches of the median nerve and 
recording from the vicinity of the me- 
dian nerve just proximal to the pal- 
mar crease at the wrist. Patients who 
had clinical and electrical evidence of 
the carpal tunnel syndrome were 
asked to describe the territory of 
their symptoms. All of them had 
symptoms in their hand involving all 
or part of the median nerve territory 
(21 had symptoms to level of elbow; 36 
to level of shoulder). Some of the pa- 
tients had bilateral carpal tunnel 
symptoms. Ninety limbs were in- 
volved. Three of the patients had as- 
sociated cervical disk disease which 
may have accounted for some of the 
proximal symptoms. One patient had 
signs of thoracic outlet syndrome. 


There appeared to be no significant 
correlation between slowing in the 
proximal part of the median nerve 
and clinical symptoms in the proximal 
part of the arm. 


Comment 


Pain proximal to the wrist is a com- 
mon symptom in patients with carpal 
tunnel syndrome. In this study it oc- 
curred in 57 out of 90 limbs. Surgical 
treatment usually provides dramatic 
improvement, both distally and proxi- 
mally. Of the 49 patients in whom 
surgical correction was performed, 46 
experienced disappearance of the 
proximal symptoms. Slowing of con- 
duction in the median nerve proximal 
to the wrist has been demonstrated 
previously in carpal tunnel syn- 
drome.** In this report, proximal 
slowing is again demonstrated in 
some cases of carpal tunnel syn- 
drome. Perhaps surprisingly, no cer- 
tain correlation was found between 
proximal symptoms and proximal 
slowing. (Proximal slowing occurred 
in 32 limbs, only 22 of which showed 
proximal symptoms.) Proximal slew- 
ing can occur in a patient with no 
proximal pain and vice versa. The de- 
gree of slowing is almost always of a 
moderate degree, rarely below 40 me- 
ters/sec. 

The clinician’s index of suspicion 
regarding carpal tunnel syndrome 
should remain high even in the pres- 
ence of proximal symptoms. Alterna- 
tive diagnoses, such as thoracic outlet 
syndrome, may be incorrect and lead 
to incorrect therapy. Motor and sen- 
sory conduction studies can be useful 
in confirming the correct diagnosis. 
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in Experimental Fat Embolism 


Frederick B. Parker, Jr., MD; Stennis D. Wax, MD; 
Katsuyuki Kusajima, MD; Watts R. Webb, MD, Syracuse, NY 


Hemodynamic, respiratory, and patholog- 
ical changes that occur during experimental 
fat embolism with free fatty acid have been 
evaluated in mongrel dogs. Most important 
were the elevation of pulmonary artery and 
pulmonary artery wedge pressure combined 
with sustained falls in the pulmonary pres- 
sures distal to the pulmonary capillary bed, 
indicating obstruction at the capillary bed. 
Systemic blood pressure fell. Decreasing 
dynamic pulmonary compliance, hypoxemia, 
and metabolic acidosis have also been con- 
sistent. These changes reflect the severe 
damage to the pulmonary capillary bed sec- 
ondary to the fatty acid embolus. Results 
of pathological examination of the lungs 
revealed marked interstitial and alveolar 
edema. As the experiment progressed severe 
erythrocytic clumping and almost complete 
cessation of pulmonary capillary blood flow 
became obvious. The proposal that fatty 
acids are the underlying cause of the find- 
ings in fat embolization has been examined. 


Wit the increase in patients 
with major trauma seen in 


emergency rooms throughout the 
country, fat embolism and its accompa- 
nying sequelae are becoming more 
evident. The difficulties in making an 
early diagnosis along with the lack of 
a definitive treatment have made this 
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entity a topic of much discussion and 
investigation over the past several 
years. 

The high morbidity and mortality 
associated with this state are directly 
related to the degree of pulmonary 
involvement.' Study of the pulmonary 
changes has been greatly facilitated 
with the utilization of the canine oleic 
acid model. The pathological changes 
in the canine lung following a fatty 


' acid insult reveal marked similarity 


to the findings in the human lung fol- 
lowing massive fat embolization. Fol- 
lowing severe trauma in the human, 
there is a marked increase of neutral 
fat in the circulating blood.’ This is 
hydrolyzed in the pulmonary vascular 
bed with the aid of ever-present pul- 
monary lipase. There is little doubt 
that the fatty acid increase, as the re- 
sult of the triglyceride degradation, 
provokes many of the ensuing pulmo- 
nary changes. This project, utilizing 
the canine fatty acid model, studied 
the hemodynamic changes, the venti- 
latory changes, and the pathological 
findings following an experimental 
fat embolus. Also, using a cinemi- 
croscopic technique, we viewed the 
pulmonary microcirculatory changes 
following a fatty acid insult. 

We believe the methods utilized 
in this study have given evidence that 
shows that the hemodynamic and 
pathological defect in experimental 
pulmonary fat embolism is in the 
area of the pulmonary capillary bed. 


Hemodynamic Findings/Parker et al 


Materials and Methods 


Eleven mongrel dogs, weighing from 13 
to 23 kg, were anesthetized intravenously 
with pentobarbital sodium, intubated with 
a cuffed endotracheal tube, and placed in 
the left lateral position. Respiration was 
maintained with a small-animal respirator, 
using room air and an end-expiratory pres- 
sure of 5 em of H,0. The tidal volume was 
determined at 19 ml/kg with 10 to 12 res- 
pirations per minute. Intermittent deep 
sighs were instituted to prevent atelec- 
tasis. The right femoral vein was cannu- 
lated to administer Ringer lactate at 5 
ml/kg/hr. The right femoral artery was 
cannulated for measuring the arterial pres- 
sure through a transducer on a multichan- 
nel recorder. A right thoracotomy was per- 
formed through the fifth intercostal space, 
and the pericardium opened widely. Hepa- 
rin sodium, 3 mg/kg, was given intra- 
venously. The pulmonary arterial wedge 
(PAW) pressure was obtained by advanc- 
ing a No. 8 F catheter by way of the external 
jugular vein to the pulmonary wedge posi- 
tion. The pulmonary artery (PA) and the 
left atrium (LA) were cannulated directly. 
The pulmonary venous wedge (PVW) posi- 
tion was obtained by advancing a catheter 
retrograde threugh the LA. The small pul- 
monary vein (SPV) pressure was obtained 
by first advaneing a catheter through the 
atrium to the pulmonary wedge position 
and then withdrawing slightly into a SPV. 
Catheters placed in this manner com- 
pletely surrounded the pulmonary capil- 
lary bed (Fig 1). Pressures were contin- 
uously monitored and recorded. Pulmonary 
artery blood flow was measured with a 
square-wave magnetic flowmeter of the 
Carolina type A simple measure of 
dynamic compliance was determined by 
monitoring the intertracheal pressure and 
using the known fixed volume of the res- 
pirator. Blood gas, hematocrit, hemoglo- 
bin, and platelet values were obtained 
throughout the experiment. After a suit- 
able set of controls was obtained, a fatty 
acid bolus of 0.07 ml of oleic aeid per kilo- 
gram was injected intravenously through 
the femoral vein. The experiment was de- 
signed to last two to three hours during 
which time the measurements were ob- 
tained every 3® minutes. 

In the second part of the experiment, a 
thoracotomy was performed through the 
fifth intercostal space, and the animal posi- 
tioned so the lung could be viewed through 


a cinemicroscope. Oleic acid, 0.07 ml/kg, | 


was injected intravenously and the pulmo- 
nary microcirculation observed on the su- 
perior and inferior aspect of the exposed 
lungs. This was recorded over a two-hour 
_ period. The animals were then killed. 
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Control 


; PA = PVW 
PAW = SPV $ LA 


_ Fig 1.—Demonstration of catheter place- 
ment to surround pulmonary capillary bed 
just prior to fatty acid insult. Pulmonary ar- 
tery (PA), pulmonary artery wedge (PAW), 
pulmonary venous wedge (PVW), small pul- 
monary vein (SPY), left atrium (LA), pulmo- 
nary vein (PV), and approximates and 
equals (=). 


Results 


After receiving the oleic acid, three 
of the animals died at two hours, and 
the others survived until the experi- 
ment concluded. Those dying early 
developed severe, progressive hypo- 
tension and eventually developed 
ventricular fibrillation. It was our 
belief that these deaths were due to 
severe anoxia and hypovolemia. The 
remainder of the animals were killed 
at three hours. 


Hemodynamic Changes 


Following the fatty acid insult, the 
universal finding was progressive 
hypotension with an average decline 
of 30 mm Hg (P<.01) systemic arte- 
rial pressure in the first hour of the 
experiment. Values of two animals 
returned to the control level by the 
end of the study, but the remainder 
persisted in the hypotensive state 
(Fig 2). Pulmonary blood flow de- 
creased 120 ml/min (P<.20). 

The PA pressure fell initially in 
four of the animals. However, in all 
but one of the animals, the PA pres- 
sure rose slowly 1 to 7 mm Hg (mean, 
2.35 mm) above the control values 
(P<.02) by the end of the experiment 
(Fig 3). The PAW pressure was more 
variable. In five animals, the pressure 
increased between 1 to 5 mm, in one 
there was no change, and in four it 
fell between 1 to 2 mm. The mean 
change was a rise of 1.3 mm (P<.20). 

The PVW pressures continued to 
reflect the PA pressure throughout 


the experiment in the nine animals in 
which it could be recorded (P<.10). 

Small pulmonary vein pressures 
were obtained satisfactorily in only 
five animals and appeared to reflect 
the left atrial pressure. Throughout 
the experiment, the left atrial pres- 
sure showed a consistent fall in seven 
animals, no change in three animals, 
and in one animal a rise of 3 mm (Fig 
4). The mean fall in the left atrial 
pressure was 1.8 mm (P <.05). 

Comparison of the dynamic gra- 
dients between the left and right 
side of the pulmonary capillary bed 
showed more substantial changes. In 
all animals, there was a significant 
increase in the gradient between the 
PAW and the LA pressures (Fig 5). 
The mean change was 3.6 mm (P<.01). 
There was a decrease in the mean 
gradient between the PAW and PVW 
pressures of 1.7 mm Hg (P<.10). No 
gradient developed between the SPV 
and the LA pressures. There was also 
development of a mean gradient be- 
tween the PAW and SPV pressures 
of 2.3 mm (P<.01). 


Respiratory Dynamics 


Over the course of the experiment, 
marked impairment in ventilation de- 
veloped. The oxygen pressure de- 
clined persistently in each animal, the 
fall averaging 26 mm Hg (P<.01). 
The arterial carbon dioxide pressure 
remained fairly constant throughout 
the experiment with a mean rise of 
only 4mm Hg. All animals developed 
a marked metabolic acidosis with a 
mean change of pH from 7.36 to 7.15, 
and the mean base excess changed 
from a -—3 mEdq/liter to —14.7 
mKq/liter (P<.01) (Fig 6). The mean 
compliance rate fell from 74 mm/em 
H,O to 52 ml/em H,O (P<.01) (Fig 7). 


Hematologic Changes 


Each animal showed a persistent 
rise in hematocrit reading throughout 
the procedure, and the mean value 
rose from 38% to 46% (P<.01). Plate- 
let counts were extremely difficult to 
obtain and showed marked variability 
as noticeable clumping developed 
shortly after the fatty acid was 
injected in each experiment. Six ani- 
mals showed a mean rise of 45,000 
platelets per cu mm while four 
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showed a mean fall of 42,000 platelets 
per cu mm. 


Pathological Findings 


Gross pathological findings re- 
vealed markedly congested hemor- 
rhagic lungs with patchy consoli- 
dation throughout. The main bronchi 
contained large amounts of edema- 
tous fluid, and on cross section of the 
lungs, edematous fluid drained from 
the raw surface. 

Microscopie sections of these speci- 
mens portrayed large amounts of 
edematous fluid in the alveoli, marked 
interstitial edema, and patchy areas 
of hemorrhage. In several of the ani- 
mals, there was an increase in poly- 
morphonuclear cells in the interstitial 
planes. Occasionally, fine globules 
were seen in the interstitial tissues 
that were thought to be the injected 
fatty acid (Fig 8). 

The microphotography revealed 
similar changes. As the pathologi- 
cal process progressed, increasing 
amounts of edematous fluid appeared 
in the alveoli and in the interstitial 
tissues. The erythrocytes showed 
marked clumping, and blood flow 
across the pulmonary capillaries 
slowed to almost complete cessation. 
Red blood cells extravasated into the 
_ interstitial tissues. Blood flow con- 
tinued to be markedly impaired and 
completely ceased in some areas. In 
some instances, as the animal recov- 
ered from the insult, blood flow in the 
pulmonary capillaries improved slow- 
ly. The edema, however, appeared to 
persist. 


Comment 


The canine oleic acid model has 
been utilized widely for studying ex- 
perimental fat embolism, since it ap- 
pears that fatty acids and not neutral 
fats cause the destructive pulmonary 
changes. The pathological lesions 
present in the lungs of this experi- 
mental mode! closely resemble those 
found in the lungs of patients dying 
of fat emboli. Jefferson and Necheles® 
first gave varying doses of oleic acid 
to dogs, and their findings from the 
postmortem studies suggested that 
fatty acids may be the inciting factor 
in pulmonary fat embolism. Peltier‘ 
compared the pathological and physi- 
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Fig 8.—Photomicrograph revealing inter- 
stitial edema, slight alveolar edema, and 
leukocytic infiltrate that developed in these 
fatty acid embolized animals. A fatty acid 
globule is represented (arrow) in center in- 
terstitial area. 


ological findings between neutral fats 
and fatty acids after intravenous in- 
jection in rabbits. The results re- 
vealed that death from a neutral fat 
embolus was strictly an obstructive 
process with decreased pulmonary 
blood flow resulting in pale, anemic 
lungs and eventually right ventricu- 
lar failure. Fatty acid injection, on 
the other hand, caused marked hem- 
orrhagic destructive changes within 
the lungs and an early respiratory 
death. Their studies of lipolysis 
showed that injection of neutral fats 
or fatty acids in dogs caused a per- 
sistent elevation in serum lipase lev- 
els over a several-hour period.’ Since 
further studies revealed elevated 
lung lipase levels in rats following a 
neutral fat embolus, it appeared the 
source of the excess serum lipase 
might be the lung itself.’ Neutral fat 
in the lung disappears over a period 
of several days, and, while some in 
phagocytized, the major portion is 
felt to be broken down by the lipolytic 
activity of pulmonary lipase. Sim- 


ilarly, elevated levels of serum lipase 


are usually found in patients with fat 
embolism.’ 

Experimentally, it has been shown 
in dogs that a large amount of neu- 
tral fat is needed to cause substantial 
morbidity (2.20 ml/kg) as compared 
to a much smaller dose of fatty acid 
(0.07 ml/kg).*** 

Ashbaugh and his co-workers,’ 
using a similar dose of commercially 
available oleic acid, found that arte- 


Y re 
a. 


rial blood pressure, heart rate, and 
cardiac index initially decreased but 
eventually returned to normal over a 
two- to three-hour period. The PA 
pressure rose in all of their animals as 
it did in our animals, though not to 
the same levels. Our use of an ele- 
vated end-expiratory ventilatory 
pressure to prevent the atelectasis 
that occurs in anesthetized animals 
may explain the difference. In fact, 
the atelectasis described by Ash- 
baugh in his animals undoubtedly 
contributed to the rising PA pressure. 

It has long been suggested that fat 
embolism provokes changes in the 
pulmonary capillary bed that are the 
underlying causes for the patholog- 
ical condition of this entity. To deter- 
mine if changes actually occur across 
the pulmonary capillary bed in fat 
embolization, the experimental model 
of Murakami et al° was used. This 
entails cannulating both sides of the 
pulmonary capillary bed, including 


the pulmonary artery, the PAW posi- — 


tion, the PVW position, the SPV, and 
the LA, and measuring these pres- 
sures during the experimental period. 
Our data support the theory that the 
hemodynamic changes in experimen- 
tal fat embolism are due to localized 
inflammatory obstruction of the pul- 


monary capillary bed. The progres- — 


sive rise in PA and PAW pressures, 
coupled with increasing pressure 
gradients between the PAW and LA, 
PAW and SPV, and PAW and PVW, 
all point to obstructive changes that 
interfere with blood flow across the 
pulmonary capillary bed. 

The mechanism in this entity ap- 
pears to be quite different from our 


findings in hemorrhagic shock that. 


show that spasm initially occurs in 
the region of the SPV. 

The gradual deterioration of pH 
and oxygen pressure is the usual se- 
quence in clinica] fat embolism, as in 
our animals. The hypoxemia is due to 
a severe perfusion and possibly diffu- 
sion defect at the alveolar capillary 
level. The marked pulmonary edema 
in these animals also suggests there 
is substantial shunting taking place. 
The acidosis is metabolic secondary to 


the sustained hypotension and hypox- — 


emia. 
Clinical fat embolization appears 
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to demonstrate an anemia within the 
first two or three days following the 
initial trauma that apparently is 


| greater than can be explained by 


blood loss from other areas. One com- 
mon factor for this anemia is consid- 
ered to be interstitial pulmonary 
blood extravasation secondary to the 
chemical insult. In our experiment, all 


- animals had a sustained early rise in 
the hematocrit reading undoubtedly 


caused by the marked interstitial 
edema. The vigorous crystalloid re- 
placement ordinarily used following 
most trauma may prevent this hemo- 
concentration in the early phase of 
clinical fat embolization. The inter- 
stitial edema and red blood cell ex- 
travasation may be slower in the de- 
velopment in the clinical state as the 
neutral lipid is changed to free fatty 
acids over a period of several hours to 
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days. Persistent interstitial hemor- 
rhage would then help explain the 
late anemic state. 

The slow but sustained fall in com- 
pliance is no doubt due to a variety of 
factors. Foremost among these are 
the severe interstitial and intrabron- 
chial edema. The chronic respiratory 
insufficiency was quite apparent not 
only in the compliance change but 
also in the variations of the blood gas 
levels. 

Cinephotomicrography has been of 
great value in studying the ongoing 
dynamic changes in the pulmonary 
microcirculation." In this experiment, 
we were able to follow the progres- 
sion of changes through the early 
stages of erythrocyte clumping, in- 
terstitial edema, hemorrhage, and cir- 
culation cessation in the pulmonary 
capillaries. 
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Biochemical Aspects of 


Experimental Hepatic Allotransplantation 
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Fourteen porcine hepatic allografts were 
done using techniques designed for minimal 
damage to the allograft. Successful trans- 
plantation was achieved in ten; technical 
faults caused the four failures. 

Hepatocellular damage reflected by ele- 
vated SGOT levels became evident during 
perfusion and developed slowly after revas- 
cularization. Similar changes in lactic dehy- 
drogenase (LDH) levels were not found. Po- 
tassium efflux during cold perfusion 
appeared to be related not to damage, but 
to reversible changes in membrane poten- 
tial and enzyme activity induced by hypo- 
thermia. 

Interference with hepatic synthesis of 
plasma proteins and cholesterol was ob- 
served. The depression of cholesterol levels 
was short-lived in comparison with that of 
plasma protein. 


here is a divergence in studies 
of hepatic perfusion in vitro and 
of hepatic transplantation. In vitro, 
livers removed following intervals 
varying up to several hours after 
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death,' or perfused with a variety of 
mixtures** have shown continuing 
function which could appear adequate 
when judged by such tests as bile pro- 
duction and bromsulphthalein excre- 
tion,** protein synthesis,*’ and other 
tests.* On the other hand, other au- 
thors have found that such livers will 
not support life when implanted as al- 
lografts, the common causes of death 
of the recipients being hemorrhage?" 
and liver failure, with major contrib- 
uting abnormalities being hypoglyce- 
mia," acidosis,™'? and electrolyte im- 
balance.'* The consensus of these 
studies is that recipient survival could 
be achieved only if strenuous efforts 
were made to minimize allograft 
damage and if expert technique was 
used for implantation.'*® 

The groups reporting clinical and 
experimental hepatic transplantation 
have noted changes in electrolyte and 
enzyme concentrations of fluids used 
for allograft perfusion or of recipient 
serum after transplantation and in 
general, such changes have been as- 
cribed to allograft injury because of 
anoxia. Nevertheless, it has proved 
difficult to assess the exact causes for 
fluid or serum changes, their signifi- 
cance or relevance to the outcome.” 

The objective of the work described 
here was to establish the nature of 


electrolyte and serum enzyme 
changes which occurred when liver 
transplantation was undertaken in 
standardized circumstances aimed at 
minimizing the degree of allograft 
damage. By this means, we hoped to 
establish criteria which would allow 
accurate assessment of different 
methods of preparation of donor allo- 
grafts. 


Methods 


Preparation of Perfusate.—Blood from in- 
dividual pigs was collected in 1-liter vol- 
umes, with citrate as anticoagulant, on the 
day before transplantation. Each liter of 
blood was cross-matched against both do- 
nor and recipient, and incompatibility with 
either was avoided. To facilitate perfusion, 
the hematocrit reading of blood was low- 
ered to 15% to 20% by the addition of 
plasma obtained from other lots of blood 
after partial sedimentation. To each liter 
of this solution, glucose 25%, 10 ml, soluble 
insulin, 10 international units, and a mix- 
ture of tromethamine, sodium chloride, 
and potassium chloride (Tham E), 80 ml 
were added. The last additive buffered the 
pH to approximately 7.0 with a base deficit 
of 15 to 20mEq/liter. 

Two liters of this perfusate were trans- 
ferred to a 3-liter plastic transfusion bag, 
and the remaining space was distended 
with oxygen. Four such bags were made up 
for each transplantation, and stored over- 
night at 4 C. Before commencing donor 
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Table 1.—Duration of Survival and Causes of Death 


Survivors Duration, Days 
R1 72 


R10 
R6 
Failures 


Cause of Death 
Intestinal obstruction 
Lung abscess 
Rejection 
Gastric hemorrhage 
Gastric hemorrhage 
Intestinal obstruction 
Obstructive jaundice 
Rupture of urinary bladder 
Intestinal obstruction 
Pneumonia & pulmonary edema 


R3 Technical difficulties with shunts caused hypotension before revascu- 
larization; cardiac arrest followed revascularization 


R9 Multiple technical difficulties with anesthesia 


R8 Pulmonary edema 


Technical success, but death followed recularization with kanamycin 


after four hours 





Table 2.—Normal and Anhepatic Levels of Blood Constituents * 


Sodium 


Normal 
139.8 + 0.56 


Anhepatic 
138.4 + 0.03 


Liver Temperature.—A needle thermo- 
couple was used to measure the internal 
temperature of the liver at intervals until 
revascularization. - 

Sampling Perfusate and Hepatic Venous 
Effluent.—Samples of the perfusate before 
passage through the liver were taken 
through a tap fitted in the perfusion line 
(Fig 1). Samples of the effluent perfusate 
were taken through the sampling cannula 
in the intrahepatic vena cava. This cannula 
remained in place after revascularization 
for a short period until the infrahepatic 
caval anastomosis was commenced. This 
allowed hepatic venous samples, as distinct 
from central mixed venous or arterial sam- 
ples, to be taken for periods of 20 to 40 
minutes after revascularization. 

In these samples, the levels of the fol- 
lowing electrolytes and enzymes were de- 
termined: potassium, glucose, serum gluta- 
mic oxaloacetic transaminase (SGOT), and 
total lactic dehydrogenase (LDH). Potas- 
sium was measured by flame photometry. 
The SGOT and total LDH levels were mea- 
sured by automatic kinetic analysis using 


4.0 + 0.08 
27.5+0.8 
6.53 + 0.14 
1.44 = 0.06 
6.79 + 0.17 

134 + 5.2 

128+ 5.5 
11.0 + 0.56 
0.42 + 0.42 
0.18 = 0.02 


3.90 + 0.06 
23.8 + 0.5 
5.38 + 0.64 
1.28 + 0.80 
6.70 + 0.18 
127.3 + 4.6 
267 + 9.8 
10.7 + 0.3 
0.43 = 0.03 
0.35 + 0.02 
188 + 7.8 


Potassium 
Bicarbonate 
Total protein 
Plasma albumin 


standard commercial kits; glucose levels by 
ferricyanide oxidation. 

The pH of samples was determined with 
derivation of the partial pressure of car- 
bon dioxide (Pco,) from the Siggaard-An- 
derson nomogram.'* The partial pressure 
of oxygen (Po,) was determined in com- 
mercial apparatus using a Clark electrode. 

These values were determined at 37 C 
and then adjusted for the observed tem- 
perature difference between liver tempera- 


Inorganic phosphate 
Cholesterol 

Glucose 

BUN 

Uric acid 

Total bilirubin 

SAP 164+ 10.5 


Total LDH 
SGOT 


1,463 + 115 
45.9 + 4.2 


1,044 + 53 
58.1 + 4.3 





* Mean + SE; mean duration of anhepatic phase was 50 minutes; samples were taken 


immediately before revascularization. 


hepatectomy, the oxygen was replaced and 
the bags gently agitated. Two bags were 
then packed in ice and one bag was 
warmed to 37 C. 

Donor Hepatectomy and Perfusion.—The 
anesthetic and operative techniques have 
been described previously.'*"* In the series 
of 14 allografts reported in this article, the 
_ procedure was designed to damage the do- 
nor liver as little as possible. For this rea- 
son, preparation of the donor liver for 
transplantation was undertaken with the 
pig anesthetized and the normal hepatic 
blood supply via the hepatic artery and 
portal vein maintained until dissection was 
far advanced. The systemic blood pressure 
was monitored via an intraarterial can- 
nula, and hypotension was corrected if this 
was necessary. 

When the dissection reached a suitable 
point for halting the hepatic arterial circu- 
lation, the thoracic aorta was cross- 
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clamped. At the same time, perfusion with 
the cold, oxygenated, diluted blood previ- 
ously referred to was commenced through 
an atrial cannula inserted into the portal 
vein. A second atrial cannula, with an at- 
tached sampling cannula, was placed in the 
inferior vena cava so that its open end lay 
close to the confluence of the hepatic veins 
with the vena cava; by this means, perfu- 
sion fluid flowed rapidly away. Samples 
were taken of effluent perfusate and, after 
revascularization, hepatic venous blood. 

Flow Rates.—The first 2 liters were al- 
lowed to flow as fast as the system allowed; 
with the bag set at a height of 1 meter, the 
rate was approximately 400 ml/min. This 
was sufficient to lower the liver tempera- 
ture to 10 to 12 C in three to five minutes. 
Flow from subsequent bags was main- 
tained at 50 ml/min. No recirculation took 
place; each bag of perfusate was used once 
only. 


ture and 37 C by correction factors.” 
Transplantation Technique.—The tech- 
nique of implantation of the allograft in 
the recipient has been described in detail.”® 
Kssentially, cold perfusion was maintained 
from the time of removal of the allograft 
from the donor until the completion of the 
subdiaphragmatic, suprahepatic caval 
anastomosis. Cold perfusion then ceased; 
the bag of perfusate previously referred to 
as warmed to 37 C was connected to the 
perfusion line, and the perfusate was al- 
lowed to run at the maximal rate. When 
the liver temperature was above 25 C, the 
perfusion line was disconnected, and re- 
vascularization was achieved with arterial 
blood shunted from an iliac artery to the 
portal venous cannula. The remaining vas- 
cular anastomoses were then completed, 
the final anastomosis being that of the por- 
tal veins after removal of all shunts. 
Sampling From the Recipient.—Systemic 
arterial samples were taken at the outset 
of the operation, at the end of the anhepat- 
ic phase immediately before revascular- 
ization, at frequent intervals in the period 
after revascularization, and subsequently, 
in survivors, daily as long as the venous 
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Fig 1.—Plasma potassium levels (mean + SE) in donor perfusate 
and donor hepatic venous blood after revascularization. Time zero 
indicates onset of cold perfusion; RW indicates time of rewarming; 
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RV, of revascularization (see text). Standard errors. greater than 


+ 0.4 mEg/liter are shown. 


cannula remained in place. These samples 
were analyzed using an automated mul- 
tiple analysis system; SGOT and LDH 
were estimated, as before, by kinetic 
analysis. 


Results 


The outcome, in terms of survival, 
of the experiments has been pre- 
sented previously.'* Briefly, successful 
transplantation was achieved in ten 
of 14 procedures. The duration of sur- 
vival and causes of death are given in 
Table 1. 

Details of the four failures were as 
follows: One recipient became se- 
verely hypotensive before revascular- 
ization due to poorly functioning 
shunts and suffered a cardiac arrest. 
One pig died because of failure of a 
mechanical respirator and another of 
pulmonary edema following excessive 
transfusion. The last suffered respira- 
tory failure because of recularization 
when given kanamycin sulfate post- 
operatively. 


The Donor 


Duration of Perfusion and Liver Tem- 
perature.—The initial cold flush with 
cold perfusate lowered the liver tem- 
perature to 10 to 12 C. within three to 
five minutes. After removal and im- 
mersion in saline-ice slush, liver tem- 
peratures fell to 5 to 8 C. During 
implantation, even though cold perfu- 
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sion continued, contact with the re- 
cipient and the heating effect of the 
theater light tended to warm the liver 
slowly, so that the temperature was 
12 to 15 C by the time the first anasto- 
mosis was completed. During warm 
perfusion, the liver temperature rose 
beyond 25 C within two to five min- 
utes; revascularization followed as 
soon as this level was reached. 

Perfusate Composition.—One hun- 
dred forty lots of perfusate were pre- 
pared. The concentrations of major 
components were potassium, 6.89 + 
0.57 mEq/liter; glucose, 444.4+0.8 
mg/100 ml; SGOT, 47.7+4.1 units; 
and LDH, 1,044 + 43.1 mU/ml. The 
mean hemoglobin level was 7.3 gm, 
and at 37 C pH was 6.99 + .009 with a 
base deficit of 17.88 mEq/liter. The 
Po, in 85% of the bags of perfusate 
was in excess of 100 mm, at which 
level the hemoglobin present would 
have been fully saturated. 

Changes in Perfusate Composition 
during Donor Hepatectomy and Allo- 
graft Implantation.—Potassium.—After 
the onset of cold perfusion, levels rose 
rapidly to 10 to 14 mEq/liter, and 
remained in this range during the 
greater part of the interval required 
for hepatectomy and implantation. 
There was a slow rise towards the end 
of cold perfusion to the upper limits 
of this range (Fig 1). 

On rewarming, the potassium con- 
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Fig 2.—Correlation of blood glucose (1, solid line, mg/100 ml) 
and LDH (2, dotted line, mU/ml) levels during donor perfusion 
between inflowing and effluent perfusate. 


centration fell promptly to that of the 
inflowing perfusate, and after revas- 
cularization, levels in hepatic venous 
blood fell to 1.8 to 2 mEq/liter within 
15 to 30 minutes. 

Glucose.—Throughout cold and 
warm perfusion, glucose concentra- 
tions in the effluent perfusate corre- 
lated closely with the levels in the 
inflowing perfusate (Fig 2). The re- 
gression equation for glucose (out) on 
glucose (in) was y = 0.79x + 127 with 
r = 0.6011 for 104 observations. Lev- 
els in hepatic venous samples fell 
towards systemic levels within 15 to 
30 minutes. 

Lactic Dehydrogenase.—The meth- 
od employed measured the total 
activity of the five recognized isoen- 
zymes present. No pattern of behav- 
ior of the levels of LDH in relation to 
time could be observed because the 
levels of LDH in the inflowing perfus- 


ate were relatively high, and the lev- ` 


els in the effluent perfusate showed 
little apparent increase (Fig 2). The 
regression equation for LDH (out) on 
LDH (in) was y = 0.94x + 65 with 
r = 0.7366 for 81 observations. He- 
patic venous samples after revascu- 
larization showed only minor fluctua- 
tions around normal levels. 

Serum Glutamic Oxaloacetic Trans- 
aminase.—The levels of activity of the 
enzyme in the inflowing perfusate 
were low so the increased levels in the 
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Fig 3.—Serum glutamic oxaloacetic transaminase levels in donor 
perfusate and donor hepatic venous blood after revascularization. 
Time zero indicates onset of cold perfusion; RW indicates time of re- 
warming; RV, of revascularization (see text). Standard errors 


greater than 7 units are shown. 


Fig 4.—Systemic concentrations of blood constituents in the re- 
cipient. B indicates base line; A, anhepatic period; time zero, revas- 


cularization by iliac arterial shunt. 


effluent perfusate could effectively be 
plotted against time. The regression 
equation was y = 0.90x + 34, with 
r = 0.4368 for 59 observations. Apply- 
ing the Student ¢ test, this slope was 
highly significant (P<.001). Hepatic 
venous samples did not reveal any 
trend during the first 30 minutes af- 
ter revascularization. 

Arterial Gas Pressures, pH.—No 
consistent pattern of behavior of pH 
was observed during perfusion. The 
levels of Po, fell by 35 to 50 mm 
across the liver during all stages of 
. cold perfusion; levels of Pco, rose by 5 
to 10 mm at the same time. 


The Recipient 


Concentrations of Electrolytes, En- 


- zymes, and Other Blood Constituents.— 


Normal Values.—Normal values for 
various blood constituents were found 
to be as shown in Table 2. Although 
other values were similar, concentra- 
tions of inorganic phosphate, uric 
acid, total bilirubin, and serum alka- 
line phosphatase (SAP) differed from 
those found in man. 

Anhepatic Phase.-The means and 
standard errors given in Table 2, de- 
rived from the 14 animals prepared 
here and 41 other animals prepared in 
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a similar fashion through three years, 
indicate that this basic stage of the 
preparation was and remains repro- 
ducible. No significant changes were 
observed in levels of potassium, blood 
urea nitrogen (BUN), total bilirubin, 
SAP, SGOT, and LDH. Levels of cho- 
lesterol, total protein, and albumin all 
fell. Changes in serum bicarbonate 
and blood glucose levels were related 
to methods used for anesthesia.’ 

After Revascularization.—Potassi- 
um.—At the time of revasculariza- 
tion (Fig 4) there was no change in 
systemic levels of potassium but the 
mean level fell to 2.9 to 3.0 mEq/liter 
after the first postoperative hour. 
Thereafter, levels remained within 
normal limits. 

Bicarbonate.—In these prepara- 
tions the degree of acidosis was 
slight. 

Glucose.—Levels above 200 mg/100 
ml were maintained throughout the 
operation and until the first postoper- 
ative day, partly as a result of fluids 
and electrolytes administered; normal 
levels were maintained subsequently 


by the recipient without intravenous 


therapy. 
Total Plasma Proteins and Albu- 
min.—During the anhepatic phase, 
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the concentrations fell from the nor- 
mal values of 6.53 and 1.44 to 5.38 and 
1.28 gm/100 ml, respectively, in sam- 
ples taken just before revasculariza- 
tion. 

After revascularization, these falls 
continued until about the third post- 
operative hour, to reach levels of 4.1 
to 4.9 gm/100 ml, and 0.6 to 0.8 
gm/100 ml, respectively. These low 
levels persisted until at least the third 
postoperative day; normal levels were 
seldom regained before the end of the 
lst week. 

Cholesterol._During the anhepatic 
phase, the concentration fell, but not 
to a significant extent. After revascu- 
larization, however, cholesterol levels 
fell to a mean of 65 mg/100 ml at the 
end of three hours, and remained low 
through the first postoperative day. 
Normal levels were regained by the 
fourth postoperative day. 

Inorganic Phosphate.—A peak level 
of 8.8 mg/100 ml was reached on the 
first postoperative day; normal levels 
were regained the next day and 
maintained thereafter. 

Blood Urea WNitrogen.—A peak 
again was reached on the first postop- 
erative day of 26 mg/100 ml. Levels 
fell over the next two days to normal. 
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Serum Alkaline Phosphatase.—Sim- 
ilar changes were observed. A low 
peak of 207 units was observed on the 
first postoperative day, but normal 
levels were recorded from the third 
postoperative day. 

Uric Acid—No changes were 
reeorded throughout the period of ob- 
servation. 

serum Bilirubin.—No elevation oc- 
curred in the immediate postopera- 
_ tive period. When elevations occurred 
later, these were associated with com- 
plications such as rejection or biliary 
obstructien. 

Lactic Dekydrogenase.—Levels in 
systemic blood samples showed only 
mimor fluctuations around normal lev- 
els. 

Serum Glutamic  Ovaloacetic 
Transaminase.—Systemic samples 
shewed a steady rise over the first 
postoperative hours, until a peak of 
546 units (mean) was reached on the 
first postoperative day. Normal levels 
were regained about the fifth or sixth 


day. 
Comment 


For the purpose of this study, the 
techniques used for donor hepatec- 
tomy, allegraft perfusion, and trans- 
plantation were standardized with 
the specific objective of minimizing 
allograft damage. The resulting prep- 
aration was satisfactory as gauged by 
criteria in general use; successful 
transplantation resulted in ten of 14 
precedures and in the four failures 
the causes were clearly correctable 
faults in surgical or anesthetic meth- 
ods. All allografts undergoing suc- 
cessful revascularization secreted bile 
freely; hemorrhagic diathesis did not 
oceur. All survivors recovered vigor- 
ously; in none was the serum bilirubin 
level elevated in the early postopera- 
tive peried, nor were serum glucose 
levels difficult to maintain, and in all 
animals, serum enzyme levels re- 
turned towards normal early in the 
first postoperative week. 

The above criteria mostly refer to 
the recipient after recovery and none 
to the allograft before revasculariza- 
tion. Even the intraoperative obser- 
vations concerning bile production 
and the absence of hemorrhagic dia- 
theses were not necessarily pre- 
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dictive, as good bile flow and absence 
of bleeding occurred in three of the 


experiments which failed. Marshall et — 


al” similarly found that the absence 
of hematological abnormalities did 
not ensure survival. 

The analysis reported here of 
changes in the biochemical perform- 
ance of the donor liver during perfu- 
sion was undertaken to seek early 
evidence of hepatocellular damage, 


with the added aims of assessing 


their nature and significance. To this 
end, a variety of indices were studied. 
Four major components of the perfus- 
ate were selected for analysis because 
of their relation to differing biochem- 
ical activities within the cell. Move- 
ment of potassium and glucose are re- 
lated to cell membrane activities, 
probably of different types; SGOT is 
in part found on mitochondria in close 
association with respiratory enzymes 
of the cytochrome systems,” whereas 
the LDH group of enzymes are cyto- 
plasmic in site. 

The interdependence of the sodium 
to potassium ratio across cell mem- 
branes, cell membrane potentials, res- 
piratory enzyme activity, and tem- 
perature have been established in a 
number of related studies.*2?:*4 For 
example, Raison et al, in work which 
can be related directly to the mode of 
preparation of the donor liver in this 
series, have shown that the Arrhenius 
plots of the activities of the respira- 
tory enzymes and of SGOT in rat 
liver cells initially show well-main- 
tained activity as the temperature 
falls, but that there is a reversible 
discontinuity at about 23 C, below 
which temperature their activities de- 
cline steeply. The cell membrane po- 
tential reverses at this temperature, 
and with these changes, potassium ef- 
flux from the cells begins. Once the 
temperature is raised above this crit- 
ical level, however, the normal activ- 
ity of the enzyme systems, membrane 
potentials, and potassium gradient 
are reestablished. Raison et al also 
showed that the slow decline in the 
enzyme activities above the critical 
temperature was dependent on the 
integrity of the cell membranes; if 
these were lysed, enzyme activities 
were not maintained, but declined 
rapidly as the temperature fell from 


37 C. 


When the potassium levels were ob- 
served in the hepatic venous blood af- 
ter revascularization, the sharp fall to 
abnormally low levels was considered 
evidence of uptake by the parenchy- 
mal cells to replace losses. The fact 
that systemic levels in samples taken 
concurrently and later fell relatively 
little suggests that the degree of par- 
enchymal cell depletion was not se- 
vere. The larger falls in systemic po- 
tassium reported by Abouna et al" 
must imply a more severe depletion, 
and may reflect increased hepatic 
damage. 

Other evidence of reversible dam- 
age was found in the systemic blood 
samples taken after revasculariza- 
tion. Hypoproteinemia, largely due to 
hypoalbuminemia, first became ap- 
parent during the anhepatic phase of 
the operation. This became severe by 
the end of the day of operation, and 
seldom resolved by the end of the 
first week. Concomitantly, plasma 
cholesterol levels fall, but the depres- 
sion was not sustained, normal levels 
being restored by the second postop- 
erative day. Both these series of 
changes represent interference with 
hepatic syntheses. There was also a 
short-lived peak in the levels of inor- 
ganic phosphate on the first postoper- 
ative day, and a moderate rise in 
BUN value. Acute elevations in these 
indices reflect acute cell damage. On 
the other hand, the recipient blood 
samples showed little deviation from 
normal levels of potassium, total bili- 
rubin, and SAP. 

The fall in Po, and rise in Pco, in 
the perfusate after passage through 
the liver during cold perfusion was 
taken to indicate continuing oxygen 
consumption in deep hypothermia. If 
this is correct, then provision of oxy- 
gen to livers during the ischemic pe- 
riod of transplantation may be of 
considerable importance. These ob- 
servations must nevertheless be sub- 
jected to further study, and are put 
forward here with reservations. The 
temperatures reached during cold 
perfusion were lower than the lowest 
limits in the tables of correction fac- 
tors for temperature.” The relation- 
ship of temperature differences from 
37 C to the appropriate correction fac- 
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tor follows a hyperbola with the steep- 
er part applying at the lower tem- 
peratures, so extrapolation could 
carry a risk of considerable error. As- 
sumptions concerning the effect of 
the mode of preparation, as well as 
that of temperature, on the dis- 
sociation curve of pig hemoglobin 
were not attempted. Lastly, the low 
level of hemoglobin in the perfusate 
allowed relatively small amounts of 
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oxygen to be carried. — 

Although the procedure described 
here was designed to produce an allo- 
graft for transplantation damaged as 
little as possible, the various indices 
studied revealed clear evidence of in- 
jury to the allograft. On the other 
hand, indices of serious damage were 
not seen, and the observed abnormal- 
ities reversed rapidly. With the re- 
sults published here as control values, 
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Parietal Cell Vagotomy and 
Gastric Emptying of Liquids in the Dog 


Charles O. Weddle II, MD; Angela C. Springfield, PhD; 
Herbert S. Ormsbee III, MS; Paul Bass, PhD, Madison, Wis 


Gastric emptying of liquid test meals was 
evaluated in dogs following parietal cell va- 
gotomy with and without Heineke-Mikulicz 
pyloroplasty. Citrate and citrate-fat serial 
test meals and bethanechol chloride and in- 
sulin injection were used to characterize the 
emptying prior to and under each condition 
of surgery. The citrate meal emptied more 
rapidly than the citrate-fat meal. Parietal cell 
vagotomy (PCV) did not significantly alter 


T” recent years, many surgeons 
have done truncal vagotomy with 
pyloroplasty or antrectomy for duode- 
nal ulcer. The complications associ- 
ated with these procedures are dump- 
ing, bilious vomiting, diarrhea, and 
nutritional defects. Recent studies of 
gastric emptying, motility, and acid 
secretion suggest that these compli- 
cations are related to parasympathet- 
ic denervation of the gastric antrum 
and the small bowel, and to surgical 
disruption of the antral-duodenal seg- 
ment. These complications have led to 
the development of a more selective 
vagotomy, which denervates only the 
parietal cell mass in the body of the 
stomach, leaving intaet the vagal 
branches of the antrum, liver, and ce- 
liac axis.’ This denervation procedure 
is referred to as parietal cell vagot- 
omy (PCV) or highly selective vagot- 
omy. The integrity of the antral- 
duodenal segment is undisturbed be- 
cause pyloroplasty and gastric resec- 
tion are avoided and coordinated 
antral-duodenal motility is main- 
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the gastric emptying of these meals. How- 
ever, there was a tendency to initially en- 
hance the emptying rate of the citrate-fat 
test meal. The addition of a pyloroplasty did 
not effect the emptying of either test meal. 
Use of both insulin and bethanechol en- 
hanced the emptying of the citrate-fat test 
meal. These emptying rates were uneffected 
by PCV or by the addition of a pyloroplasty. 


tained.** Clinically, several studies 
involving patients with PCV have 
shown the ulcer recurrence rate to be 
similar to that of truncal vagotomy 
combined with pyloroplasty or resec- 
tion without undesirable sequelae.** 
However, little quantitative labora- 
tory data have been produced to sub- 
stantiate the effects of PCV. This 
study was undertaken to quantita- 
tively evaluate the effects of PCV 
with or without pyloroplasty on ca- 
nine gastric emptying of liquid test 
meals. 


Methods 


Studies of gastric emptying were made 
in five unanesthetized, healthy, mixed- 
breed dogs; average weight was 10 kg. The 
gastric emptying was evaluated in se- 
quence under three conditions: control or 
presurgical, PCV, and PCV with a Hein- 
eke-Mikulicz pyloroplasty. Two liquid test 
meals and two drugs were used to evaluate 
gastric emptying prior to and under the 
two conditions of surgery. 

Surgical Procedures.—At least ten days 
prior to study, a polytef (Teflon) cannula 
was implanted in the cervical esophagus of 
each dog to facilitate the administration 
and removal of the liquid test meals. Fol- 
lowing an interval of about two months of 
gastric emptying under control conditions, 
a PCV was performed on each dog.'* The 
vagotomy was performed with the dog un- 
der pentobarbital (Nembutal) anesthesia 
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(35 mg/kg given intravenously) through a 
midline abdominal incision. The anatomy 
of the lesser curvature of the stomach was 
visualized and the branches of the anterior 
and posterior gastric nerves were sec- 
tioned from the incisura to the gastro- 
esophageal junction. Close visual inspec- 
tion was made at the incisura and vagal 
branches directed toward the antrum were 
preserved. In addition, the vagal branches 
to the liver and celiac axis were preserved. 
The area just below the gastroesophageal 
junction was carefully “skeletonized” cir- 
cumferentially of all small vagal branches. 
Following another two-month period of 
study of gastric emptying, a Heineke-Mi- 
kulicz pyloroplasty was performed on each 


dog through the same midline abdominal — 


incision. The pyloroplasty consisted of a 6- 
cm incision (3 cm on the antrum and 3 em 


on the duodenum). A two-layered closure — 


was performed and in each case an ade- 
quate lumen was obtained, which was con- 
firmed at autopsy. Each dog was allowed a 
period of 10 to 14 days to recover before 
gastric studies were undertaken. 

Test Meals.—The liquid test meals con- 
sisted of either 300 ml of tri-sodium citrate 
(19.6 gm/liter), called the citrate meal, or 
300 ml of tri-sodium citrate with 10 mN 
oleic acid suspended by 0.5% polysorbate 
(Tween) 80, referred to as the citrate-fat 
meal. Each meal contained phenolsulfon- 
phthalein (40 mg/liter) as a nonabsorb- 
able marker to determine gastric volumes 
by a colorimetric method. Each meal 
exerted an osmotic pressure of 200 
mOsm/liter as measured by freezing point 
depression. These test meals were selected 
because of different gastric emptying 
rates? to better reflect changes of gastric 
emptying under the various surgical condi- 
tions. 

Following an 18-hour fast, the dog’s 
stomach was rinsed with two to three 50- 
ml volumes of distilled water administered 
through a stomach tube, inserted via the 
esophageal cannula. This washout removed 
residual food particles and secretions. The 
liquid, room-temperature test meals were 
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Fig 1.—Gastric emptying of citrate determined at 10, 20, and 30 
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Fig 2.—Effect of parietal cell vagotomy (PCV) and parietal cell va- 
gotomy with pyloroplasty (PCV + P) compared to control (C) on 


minutes, and citrate-fat determined at 15, 30, and 60 minutes. 
Time required for total gastric contents to be reduced to 150 ml 
(T2) was 12 minutes for citrate and 54 minutes for citrate-fat. 


then instilled. After a given time interval 
the tube was reinserted, the test meal aspi- 
rated, and the stomach rinsed with 50 ml 
of water. The instillation and aspiration of 
the test meal were performed at sequential 
time intervals of 10, 20, and 30 minutes for 
the citrate meal, and 15, 30, and 60 minutes 
for the citrate-fat meal. This sequence was 
repeated two or three times per dog per 
condition of surgery. The third replication 


- was performed to reduce the variability of 


the data in each dog. 
The concentration of phenolsulfonphthal- 


- ein was measured in the meal ingested, the 


aspirate, and the rinse. The volume of test 
meal remaining in the stomach or the time 
required for the total gastric contents to 
be reduced to 150 ml (T %) were the in- 
dexes of gastric emptying. The volume re- 
maining in the stomach was calculated 
from the following formula: 


V (Remaining) = Va X i +V: X— 
o 


where V, = volume of gastric aspirate, 
V, = volume of rinse solution aspirate, 
Pa = concentration of phenolsulfonphthal- 
ein in gastric aspirate, Po = concentration 
of phenolsulfonphthalein in test meal, and 
Pr = concentration of phenolsulfonphthal- 
ein in rinse solution aspirate. 
Analysis.—The gastric emptying data 
were compared by determining the time 
required for the test meal to be reduced to 
one half the original volume, or T%. This 
was obtained by plotting the square root of 
the volume remaining’ by the time, and ob- 
taining the T' for a line-of-best-fit origi- 
nating at the ordinate at 300 ml (Fig 1). 
The citrate-fat data were also assessed at 
each specific time interval in which the test 
meal was instilled (15, 30, and 60 minutes). 
After determining the T' or the mean vol- 
ume remaining in the stomach, the data 


84 Arch Surg/Vol 108, Jan 1974 


were compared between the three experi- 
mental conditions, using the Student t test. 

Drugs.—The effect of bethanechol chlo- 
ride (Urecholine), 0.1 mg/kg given subcu- 
taneously, or regular insulin (Iletin), 0.5 
unit/kg given intravenously on the empty- 
ing of the citrate-fat meal, also was deter- 
mined prior to and under each condition of 
surgery. These two drugs were selected be- 
cause bethanechol causes direct stimula- 
tion of the end organ while insulin induces 
stimulation of the vagus centrally by in- 
duced hypoglycemia. Prior to the adminis- 
tration of either drug a control emptying 
of citrate-fat was determined for a 30- 
minute interval. Bethanechol was adminis- 
tered followed immediately by the instilla- 
tion of a second test meal, which was aspi- 
rated 30 minutes later. The effect of insulin 
was measured in a similar manner, except 
that the test meal was instilled 30 minutes 
after the administration of the drug. The 
effect of these drugs on gastric emptying 
was then determined as a percent increase 
of the control emptying. 

Gastrin.—A fasting, peripheral, venous, 
serum gastrin level was determined in 
each dog under control conditions and af- 
ter each surgical phase of the experiment, 
following a 10- to 14-day recovery period. 
Each venous specimen was obtained fol- 
lowing an 18-hour fast and prior to the in- 
stillation of liquid test meals. The gastrin 
determinations were made by . radio- 
immunoassay.” 


Results 


Under control conditions, prior to 
vagotomy or pyloroplasty, the T's for 
the citrate meal was found to be 13.2 
minutes and that of the citrate-fat 
meal to be 54.6 minutes (Table 1). Fol- 


gastric emptying of citrate-fat. 


lowing PCV, the emptying of citrate 
(T% = 10.9) and of citrate-fat (T= 
39.1) was not significantly al- 
tered from control values. The lack of 
significance in the citrate-fat meal 
data may be attributed to the few 
dogs used and the high variability of 
stomach emptying among dogs. With 
these reservations, three of the dogs 
with PCV had enhanced emptying of 
the citrate-fat meal while two showed 
equivocal changes. The addition of a 
pyloroplasty produced no change in 
gastric emptying (citrate T% = 11.3 
and citrate-fat T% = 48.3). 

The citrate-fat data also were ana- 
lyzed for their emptying character- 
istics at specific time intervals (15, 30, 
and 60 minutes, Fig 2). Both surgical 
procedures tended to enhance the ini- 
tial emptying as measured at 15 min- 
utes, which continued at the other 
two sampling times. This shortened 
emptying time was statistically sig- 
nificant at the 15-minute interval for 
the PCV with pyloroplasty and at the 
30-minute interval for the PCV alone. 

The gastric emptying of citrate-fat 
was increased by bethanechol in all 
dogs (39.1%, Table 1). This effect was 
unchanged by PCV (43.0%) or PCV 
and pyloroplasty (50.7%). Insulin also 
was found to enhance the gastric 
emptying of citrate-fat in all dogs 
(71.1%). This effect was unchanged by 
PCV (57.1%) PCV and pyloroplasty 
(47.8%). Gastrin levels while the dogs 
were fasting were unchanged after 
PCV (100.4 +14.5 to 109.2 + 45.4up 
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Canine Gastric Emptying of Liquid Test Meals* 
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"-7Sa] a 


Citrate Citrate — Fat 


% Change of Control 


Citrate — Fat Citrate — Fat 
+ Bethanechol + Insulin 







































Animals Control PCV PCV+P Control PCV PCV+P  PreSurg PCV PCV+P PreSurg PCV PCV+P 
Taffy 12.9 13.3 15.5 65.8 50.7 92.9 39.9 47.2 60.9 50.5 54.0 23.0 
Francis 20.0 10.9 13.1 54.6 31.4 64.2 47.8 46.0 34.9 60.8 47.3 29.3 
Carl 13.2 9.0 7.7 31.2 37.3 32.6 27.9 nee 77.6 87.9 25.4 
Brindle 7.0 10.7 10.5 39.2 37.4 18.4 40.6 72.6 50.4 95.2 74.0 100.0 
Brownie 13.0 10.5 9.5 82.1 38.5 33.5 39.1 6.3 56.5 71.4 22.5 61.2 
Mean 13.2 10.9 11.3 54.6 39.1 48.3 39.1 43.0 50.7 71.1 57.1 47.8 

+ + + + 3 + $ = + sd ih -s i: 

SE 2.1 7 1.4 9.1 3.2 13.4 3.2 13.7 5.7 7.6 11.3 14.8 

























* PCV signifies parietal cell vagotomy; PCV + P, parietal cell vagotomy with pyloroplasty. 


g/ml) but were significantly in- minutes). The study of Weisbrodt et pulsed materials. This altered body- 


creased following PCV with pyloro- 
plasty (100.4 = 14.5to 164.5 + 18.2uyg/ 
ml, P<.22). 


Comment 


Quantitative evaluation of stomach 
emptying forsolid meals has not been 
thoroughly investigated. "° How- 
ever, present methods do permit as- 
sessment of the emptying of liquid 
test meals.'***"* These liquid meals 
have been useful in characterizing 
stomach emptying in man™ as well as 
in dogs.* Stomach emptying of liquids 
is controlled by the duodenal recep- 
tors whieh are affected differently by 
various test meals. In this study, 
two test meals were selected because 
they empty at different rates by af- 
feeting different duodenal mecha- 
nisms. The citrate test meal stimu- 
lates osmoreeeptors in the duodenum. 
This leads to an increase in antral 
and a decrease in duodenal contrac- 
tile activity.” The result is rapid emp- 
tying.. In centrast, the citrate-fat 
meal stimulates the fat receptors in 
the duodenum, which causes a delay 
in stomach emptying. This delay is 
due to increased duodenal motor ac- 
tivity and decreased antral activity. 
Our study indicated that neither the 
PCV nor the PCV plus pyloroplasty 
altered the response to the rapid emp- 
tying of the citrate meal. In contrast, 
the citrate-fat meal tended to be 
emptied more rapidly after PCV. 

In our study, the T% for both the 
citrate and citrate-fat meals were 
longer than previously reported by 
Weisbrodt et al* (citrate meal, 7 vs 13 
minutes; citrate-fat meal, 32 vs 54 
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al used pure-bred beagles and radio- 
active chromium (*'Cr) as a marker. 
Either the chromium or the phenol- 
sulfonphthalein marker may not mix 
homogeneously with the mucus and 
acid secretions. Thus, one of the 
markers may give a reduced estimate 
of the volume of test meal remaining. 
Also, the markers may have a differ- 
ential effect on acid secretion, which 
could influence the emptying of the 
test meals. Regardless of the cause, 
these two independent studies pro- 
duced different T values for the two 
liquid test meals. 

Since the antral-duodenal area was 
not altered by the PCV, the denerva- 
tion of the body may have changed 
the body-antral relationship, thus 
tending to enhance gastric emptying. 
It has been demonstrated that the 
vagus nerve controls the receptive re- 
laxation of the stomach. Low-fre- 
quency stimulation of the vagus re- 
sults in a rapid dilation of the body of 
the stomach.'*'® Barium is retro- 
pulsed from the antrum into the 
body.” Since materials move from 
areas of high pressure to areas of low 
pressure, the relaxation of the body 
forms a reservoir for material when 
the antrum is actively contracting, al- 
lowing retropulsion, This body relaxa- 
tion has been attributed to an adeno- 
sine triphosphate-mediated response 
referred to as the purinergic nervous 
system.*' The PCV may eliminate the 
reflex relaxation of the body of the 
stomach. This would reduce the 
gradient of pressure from antrum to 
body, and reduce the reservoir capac- 
ity of the body for receiving retro- 


antral relationship could result in the 
tendency to more rapid stomach emp- 
tying seen in our study with the cit- 
rate-fat test meal. A similar tendency 
for enhanced emptying was seen with 
hypertonic glucose test meals in 
man.** 

The splanchnic innervation of the 
stomach is not altered by the PCV 
procedure. With the elimination of 
the vagal innervation of the body, 
conceivably we would have a domi- 
nant splanchnic control. However, the 
splanchnic nerves may consist of both 


excitatory and inhibitory fibers.” 


Thus, the altered neurogenic domi- 
nance on stomach emptying is unpre- 
dictable. 

Clinical observation following trun- 
cal vagotomy indicated that a drain- 
age procedure could alleviate gastric 
retention.** Finney pyloroplasty alone 
may actually be obstructive to solid 
meals and have minimal influence 
on the emptying of liquid test 
meals. Our experiments with Hein- 
eke-Mikulicz drainage after a PCV 
indicates no alteration of emptying 
of liquid test meals. In fact, the PCV 
did not alter the emptying of either 
liquid test meals or solid dietary 
meals. The latter was emptied in at 
least 18 hours, since the animal stom- 
achs were usually devoid of solid food 
particles as seen in the rinse prior to 
the experiment. Qualitative, clinical, 
radiological observations also indicate 
that PCV without drainage is not ob- 
structive to liquid barium.’ The PCV 
caused a rapid initial emptying of the 
citrate-fat test meal. This large, neg- 
ative, starting index favors the hy- 
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pothesis that the reservoir capacity is 
lost and the antral pump is intact. 
This enhanced initial emptying has 
been reported for truncal vagotomy 
with Finney pyloroplasty.’° This en- 
hanced early emptying has been dem- 
onstrated in man with PCV by Clarke 
and Alexander-Williams® but not by 
Moberg et al.” 

The two drugs, bethanechol and in- 
sulin, were used as pharmacological 
“tools” to elucidate the responsive- 
ness of the canine stomach to the 
emptying of the liquid test meals. 


Both drugs demonstrated enhanced 


stomach emptying of the liquid test 


-~ meals. The ability of insulin to en- 


hance emptying in the PCV prepara- 
tions suggests that the cholinergic 
vagal innervation of the antral- 
duodenal segment remains intact. 
Bethanechol acts by directly stimulat- 
ing the receptors on the muscle. The 
unaltered response of PCV and PCV 
with pyloroplasty demonstrates that 
the muscle and the cholinergic ner- 
vous system of the antral-duodenal 
area remains intact during the two 
surgical procedures. 

Liquid test meals may not be ade- 
quate to discover the possible altera- 
tion in emptying following various 
degrees of denervation and drainage 
procedures. Terminal antrectomy was 
shown to markedly enhance the emp- 
tying of solids but has no influence on 
liquid meals."* In contrast, Finney py- 
loroplasty alone was obstructive in 
that animals maintained on solid die- 
tary meals retained solid food and 
tended to become moribund.'! The 
same surgical preparations handled 
liquid meals in a relatively normal 
fashion.” In our laboratory, two other 
studies**’ indicated that animals with 


_ truncal vagotomy retained portions 


of solid dietary meals for 48 to 72 
hours or longer, yet showed no change 
in the emptying of liquid test meals. 
In contrast, animals with PCV did 
not retain solid dietary meals after 18 
hours and demonstrated no signifi- 
cant change in the emptying of liquid 


86 Arch Surg/Vol 108, Jan 1974 


test meals. Thus, the intact innerva- 
tion of the antral-duodenal segment 
may play a minor role in the regu- 
lation of gastric emptying of liquids 
but is important in the gastric empty- 
ing of solids. 


Conclusions 


1. Parietal cell vagotomy did not 
significantly alter the gastric empty- 
ing of liquid test meals but tended to 
initially enhance the gastric empty- 
ing of citrate-fat test meals. 

2. The addition of pyloroplasty to 
PCV did not significantly influence 
gastric emptying of liquid test meals. 

3. The enhanced emptying of the 
citrate-fat test meals with insulin 
was not altered by PCV, suggesting 
intact antral-duodenal innervation. 


This investigation was supported by Public 
Health Service research grant 1-R01-AM15417. 

Paul Ruff, MD, aided in the experiment and 
Robert Barreras, MD, assisted in determining 
the gastrin blood levels. 
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The Beckman BR-~ 00 Bilat- 
eral Impedance Rhsograph oe 
is the answer to a long- @ 
standing need—a fast, simple ` 
way to identify presence of 
clots in the occult leg veins. 

The trouble is, deep venous 
thrombosis is usualy silent. About 
70% of its victims show no leg symptoms at 
all. Yet about 94% of deadly pulmonary 
emboli originate as clots in the legs. Painful, 
traumatic, invasive venograms are not to be 
ordered routinely, however, and something 
simpler is the logical answer. 

So, the BR-100 takes a new tack in apply- 
ing a known electrical impedance principle. 
Basically, it records blood volume changes 
in both legs simultaneously, on a two- 
channel chart. This presentation permits a 
comparison between leg readings. Amarked 
difference indicates venous impairment and 
a need for further testing. 

In effect, the BR-100 gives the physician 
a new defense against this complication... 
a totally noninvasive way of checking intact 
veins for normalcy, 

or problems. 

This mobile, 
compact instru- 
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\ detect deep 
`a venous thrombosis 


A. ment works at the patient’s 
a ) bedside, and required 
= JJ patient maneuvers are 
~ fast and simple. It’s de- 
signed for use with even 
the most electrically sus- 
ceptible patients. Tests can 
be made frequently, as compared with 

venography techniques. Operation is 
simple, too. The BR-100 is self-contained, 
uncomplicated, and reliable. The few func- 
tional controls require no adjustment. And 
procedures can be learned fast and used 
easily by nurses and technicians. 

As for credentials, the BR-100 has evolved 
from a long clinical evaluation of the bi- 
lateral impedance measurement technique 
at a major California medical center. The 
results with more than 800 patients confirm 
its value as a screen- paenan 
ing technique. 

For more informa- = 
tion, write for Data 
File BR-1. 
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ELECTRONIC INSTRUMENTS DIVISION 
3900 River Road, Schiller Park, IIl. 60176 






\ with a fast, noninvasive, 
bedside screening 
À technique. 
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Broad antimicrobial spectrum including Gram-negative and Gram-positive organisms, viruses, 
yeast, mold and fungi. No systemic toxicity or development of sensitivity or allergenicity in 
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Irrigation of the peritoneal cavity to neu- 
tralize purulent material and to destroy 
viable micro-organisms that could cause 
infection. 

As a wet dressing post-operatively in plas- 
tic surgery to prevent post-surgical in- 
fections. 


Irrigation of chronically infected sinus 


tracts, fistulae, empyemas. 


Cleansing and sterilization of the bowel, 
prior to resection, in cases of surgery of 
the unprepared bowel. 


Write for complete brochure on Clor- 
pactin WCS-90. 
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of the Distal Duodenum 


Peter A. Salmon, MD, 
Edmonton, Alberta, Canada 


A 64-year-old patient underwent pan- 
creaticoduodenectomy for adenocarcinoma 
of the third and fourth portions of the 
duodenum. The local, but not the aortic, 
lymph nodes were involved. He has re- 
mained well for the subsequent four years. 
The tumor was not seen on one earlier upper 
gastrointestinal tract x-ray film and on surgi- 
cal exploration at another hospital. A careful 
review of the literature reveals among nu- 
merous reports no previous pancreaticodu- 
odenectomy for this lesion, but limited pro- 
cedures and inadequate documentation of 
the extent of local and lymph node involve- 
ment. 


arcinoma of the distal duode- 
E num, involving the third and 
fourth portions, has been established 
as a rare entity.' In reviewing the lit- 
erature it is obvious that in almost all 
instances, physicians are only able to 
report an experience of one or two 
cases, and in many instances the 
amount of information included has 
been insufficient for compilation and 
statistical analysis. My interest in tu- 
mors of this area was aroused because 
of a personal experience with a pa- 
tient who manifested many of the 
classic historical and physical fea- 
tures that represent the disease. A 
brief review of the literature on this 
topic reveals it to be chaotic and there 
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is a note of pessimism regarding the 
possibilities of cure by surgical 
means. 


Report of a Case 


The patient, a 64-year-old white male 
heavy equipment operator, had complaints 
of intermittent abdominal distention and 


_ discomfort lasting for one year. A month 


and a half prior to his admission to the 
University of Alberta Hospital, April 2, 
1969, his symptoms had increased in sever- 
ity, the distention and discomfort becom- 
ing more pronounced and finally progress- 
ing to crampy pain in the upper part of 
the abdomen. Attacks of distention and 
cramps, lasting six or seven hours, termi- 
nated with severe vomiting of previously 
ingested gastric content. Food was undi- 
gested and bile-stained. Finally, the inges- 
tion of anything resulted in almost imme- 
diate emesis. On Feb 19, 1969, at an outside 
hospital, the patient underwent explor- 
atory surgery, the tentative diagnosis 
being duodenal ulcer. The surgery was un- 
revealing. Postoperatively, as soon as the 
nasogastric tube was removed, his symp- 
toms returned and were not alleviated by 
use of medications of any kind. Inter- 
mittent gastric drainage was therefore 
maintained for the ensuing month. One 
week postoperative, he had an abdominal 
wound dehiscence which was closed by 
operation. 

On admission to the University of Al- 
berta Hospital he was a thin and chroni- 
cally ill-appearing man of approximately 
his stated age. He stated that his weight in 
January 1969 had been 75 kg but at the 
time of admission he weighed 53.6 kg. He 
complained of malaise and appeared some- 
what pale. 

In his past history there was a story of 
a severe blow to the abdomen some five 
years previously that had incapacitated 


him for some months but had not required 
abdominal exploratory operation. 

The blood pressure was 110/55 mm Hg; 
pulse rate was 76 beats per minute. Slight 
pulmonary emphysema was evident, but 
the heart sounds and size were within nor- 
mal limits. Results of abdominal examina- 
tion were essentially normal exeept for a 
right upper quadrant paramedian and bi- 
lateral inguinal herniorrhaphy incisions. 
Also, a slight tenderness was noted over 
the midepigastrium but a mass was not 
palpable. The rectal examination results 
were normal. 

Laboratory work-up on admission re- 
vealed a hemoglobin level of 7.9 gm/100 ml 
with a white blood cell count of 6,900/cu 
mm. Serum electrolyte levels were as fol- 
lows: sodium, 152; potassium, 4.6; chloride, 
81; and carbon dioxide, 39 mEq/liter. The 
blood urea nitrogen level was 37 mg/100 ml 
and the serum glutamic oxaloacetic trans- 
aminase, serum bilirubin, and alkaline 
phosphatase values were within normal 
limits. Total serum protein value was 4.5 
and albumin 1.9 gm/100 ml. Stool samples 
were strongly positive for occult blood. Se- 
rum calcium level was within the normal 
range on admission, but within two days 
had dropped to 7 mg/100 ml. 

Course in Hospital.—The patient was 
maintained with nasogastric suction and a 
cautious but intensive regimen was insti- 
tuted to correct his deficiencies. Blood 
transfusions, plasma, water, electrolytes, 
and glucose were administered intrave- 
nously. 


On April 7, a series of films of the upper : 


gastrointestinal tract was obtained, using 
diatrizoate meglumine (Gastrographin). 
They were interpreted as being entirely 
normal and the contrast agent was seen in 
the descending colon within two hours. 
Findings of a barium enema study and 
chest and skull x-ray films were all inter- 
preted as normal. 

On April 17, a series of films of the upper 
gastrointestinal tract was repeated, using 
a barium sulfate, colloidal (Micropaque) 
contrast agent. This examination (Fig 1 
and 2) showed a short, narrow segment of 
distal duodenum with marked dilatation 
proximally. The narrow segment had a 
well-defined underlying mucosal pattern, 
fixation, and rigidity but no displacement. 
The radiologist concluded that the picture 
probably represented fibrotic stricture 
rather than a neoplastic infiltration. 

On the morning of April 24, the patient 
was taken to the operating room, his gen- 
eral condition having been restored near 
normal. Because of a history of previous 
abdominal injury, the differential diag- 
nosis was that of a possible duodenal stric- 
ture related to the injury or Crohn disease 
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Fig 1.—Third part of duodenum showing 
marked dilatation proximal to circum- 
ferential, constricting, lesion. 


of the distal duodenum. Carcinoma was 
thought to be ruled out by the results of 
the x-ray examination. 

Exploration of the abdominal cavity dis- 
closed a firm lesion involving the distal 
_ third and fourth positions of the duodenum 
to the ligament of Treitz and lying beneath 
the superior mesenteric artery and vein. In 
the estimation of the surgeon, the lesion 
represented a carcinoma rather than an in- 
flammatory lesion. There was no evidence 
of lymph node or distant metastasis. 

A frozen section of the tumor was ob- 
tained and a diagnosis returned of adeno- 
carcinoma. Therefore, an extended pan- 
creaticoduodenectomy was performed, 
which removed the following: antrum of 
the stomach, duodenum, contiguous 
lymph node material from the porta 
hepatis, head and body of pancreas (the 
latter being divided well to the right of the 
portal vein), lymph node material near the 
celiac axis and splenic artery, fat, lym- 
phatics, and lymph nodes near the superior 
mesenteric artery and vein, and lymph 
node area over the aorta underlying the 
third and fourth portions of the duodenum. 
Reconstruction was accomplished by sutur- 
ing the fundus of the gallbladder to the 
proximal end of jejunum (the common bile 
duct being of small diameter), implanting 
the pancreatic duct by direct suture of 
pancreatic and jejunal mucosa in an end- 
to-side fashion, and constructing a gastro- 
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Fig 3.—Tumor depicted extended over 6 
cm of duodenum. It is without ulceration 
and is annular. 


enterostomy. 

The pathologist’s report stated that sec- 
tions of the tumor showed an annular 
adenocarcinoma (Fig 3) with extension 
through all layers of the bowel wall, includ- 
ing the serosa. Two of the regional lymph 
nodes examined contained metastatic tu- 
mor. Sections of lymph nodes from the re- 
gion of the aorta and from more distal 
sites showed no involvement. 

Four days following surgery, the patient 
had a bout of coughing, followed by the 
appearance of a small amount of san- 
guineous drainage coming from the wound. 
Therefore, he was returned to the oper- 
ating suite where a small fascial dehis- 
cence was closed primarily. 

Subsequent to this operation his course 
was unremarkable and he was discharged 


Fig 2.—Anatomical relation of lesion to 
stomach, duodenum, and jejunum are 
clearly shown: tumor nearly reaches level of 
ligament of Treitz. 


from the hospital May 10, 1969. Following 
operation the patient’s weight slowly in- 
creased, leveling out at 61.8 kg. No replace- 
ment therapy has been required aside 
from administration of a few vitamins. 
There is no evidence of pancreatic in- 
sufficiency. 

The patient has been intermittently fol- 
lowed up on a six-month basis both by my- 
self and the Alberta Cancer Clinic. He has 
had a series of x-ray films of the gastroin- 
testinal tract, liver scan, chest x-ray film, 
and a physical examination each year. 
There is no evidence of recurrence at this 
time. The patient subsequently returned to 
his previous employment. 


Literature Review 


The Excerpta Medica, Surgery, was re- 
viewed for the past ten years in an at- 
tempt to ascertain the incidence of and ex- 
perience with lesions involving the distal 
part of the duodenum.*"' A small number 
of earlier cases are also included." A 
number of cases were excluded because the 
site of tumor was not adequately described 
or was simply described as residing in the 
infrapapillary portion of the duodenum. In 
other instances the diagnosis appeared to 
be merely a radiologic one without sup- 
porting tissue diagnosis. In a number of 
instances no allusion was made as to the 
sex or age of the patient, and in a few ar- 
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ticles a number of cases were put together 
without presentation of any data of statis- 
tical importance.*'**° 

A review of the case records of the Uni- 
versity of Alberta Hospital for the past 20 
years did not uncover another distal 
duodenal adenocarcinoma. 

A total of 18 cases has been accumulated 
from which a few statistical generalities 


can be drawn. The range of ages was be- 


tween 27 and 65 years, the mean age being 
48 years. Of the 16 cases where the sex of 
the patient was mentioned, 11 were men 
and five women. All patients had a micro- 
scopic tissue diagnosis and all tumors were 
adenocarcinomas. Seventeen patients un- 
derwent abdominal exploratory surgery 
and diagnosis on one patient was post- 
mortem. Thirteen patients had a local re- 
section of duodenum and jejunum, recon- 
struction being either an end-to-end or 
side-to-side duodenojejunostomy. One pa- 
tient had a palliative procedure, gastroen- 
terostomy, and three others only had ex- 
ploratory surgery. A study of resected 
specimens showed ten instances of tumor 
invading muscle or serosa or both. In three 
other reports no information was given. In 
five cases there were lymph node metasta- 
sis. In five other instances, no mention was 
made of lymph node examination, gross or 
microscopic. It is entirely possible that due 
to the limited resections there were no 
lymph nodes associated with the surgical 
specimen. A definite statement that 
“lymph nodes were negative” was made 
only three times. Of the 14 patients oper- 
ated on, four patients were reported well 
following local resection, two have been 
living for one year, one 26 months, and one 
120 months postoperative. This last patient 
had tumor extension to serosa but no 
lymph node metastasis. Six patients died 
of recurrence, the time postoperative rang- 
ing from eight to 50 months. In three in- 
stances no survival data were given. One 
patient died on the first postoperative day 
of complieations. In only one patient who 
underwent surgery was there mention of 
tumor spread to involve tissues near the 
superior mesenteric artery and vein. 


Comment 


There are a number of points from 
the foregoing presentation worthy of 
discussion. One is the relatively low 
mean age of patients having carci- 
noma of the distal duodenum. The 
average age for patients having car- 
cinomas of the head of the pancreas 
and ampulla of Vater, as described in 
a previous study,”'** was 65 years, 
and within a few years of that age 
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were patients with gallbladder, ex- 
trahepatic bile duct, and body and tail 
of pancreas lesions. It is hard to state 
unequivocally that the statistical data 
derived from this review are valid due 
to the small number of cases pre- 
sented and the fact that the series is 
primarily an operative one. Never- 
theless, there is a mean age differ- 
ence of nearly two decades between 
patients with distal duodenal carci- 
noma and those with tumors in con- 
tiguous areas. The oldest patient in 
the former group was only 65 years 
old, the mean age of the latter group. 
Carcinoma of the distal duodenum 
seems to be a disease of relatively 
younger people. 

A second point of interest is that 
radical surgery has not been used in 
the treatment of distal duodenal tu- 
mors. It is somewhat difficult to un- 
derstand why this is so because of the 
apparent relative passivity of this tu- 
mor type. 

It is difficult to estimate the true 
incidence of lymph node metastasis in 


this group of patients because the lo- 


cal resection performed included little 
contiguous tissue and few nodes, nor- 
mal or otherwise, were seen by the 
pathologist. It is perhaps of signifi- 
cance that in the case presented from 
the University of Alberta, two local 
lymph nodes contained tumor, which 
otherwise would have been left if lo- 
cal resection had been undertaken. In 


reading the summaries from other 


authors, it is apparent that in most 
instances there were no obvious con- 
traindications to more extensive or 
radical resection at the time of sur- 
gery. The prolonged survival in our 
patient with both serosal invasion 
and lymph node metastasis might in- 
dicate that radical surgery should be 
more broadly applied in the manage- 
ment of this type of lesion. 

The long survival of certain pa- 
tients despite limited resection” or 
the presence of retained tumor or 
both is reminiscent of the experience 
with ampullary carcinomas,” and is 
again perhaps an indication that this 
tumor is not as rapidly progressive or 
immediately lethal as some occurring 
in contiguous organs. 

Finally, when cases are reported, a 
complete presentation of data should 


be included so that when sufficient 
cases are available for a significant 


statistical survey, a more valid analy- | 
sis can be done. 
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p Spontaneous Rupture of the Liver 


in Patient Using Contraceptive Pills 


William C. Frederick, MD; Rudolph G. Howard, MD; 


Disruption of the right lobe of the liver 
with massive hemorrhage in a young woman 
taking oral contraceptives was successfully 
treated by right hepatolobectomy. Patho- 
logic examination of the resected liver re- 

t vealed evidence of hepatic vein thrombosis, 
necrosis, and hemorrhage. In the absence of 
any history of trauma, and in view of the 
pathologic findings, it is suggested that an 
association existed between the develop- 
ment of this entity and the use of oral con- 

traceptives. | 


he increased risk of thrombo 

embolic disorders in patients tak- 
ing oral contraceptives has been well 
documented. A number of case re- 
ports have been published concerning 
the appearance of the Chiari syn- 
drome in previously healthy women 
who were taking “the pill.”™- 
: This report concerns a patient tak- 
ingoral contraceptives whowas treated 
for an “idiopathic” rupture of the 
right lobe of the liver in which the 
pathologic specimen showed throm- 
bosis within the hepatic veins. 
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Report of a Case 


A 28-year-old Spanish woman was ad- 
mitted to St. Vincent’s Medical Center of 
Richmond because of pain in the upper 
part of the abdomen and chest. Apparently 
she was well until 24 hours prior to admis- 
sion when she awakened from sleep with 
chest pain. The pain was aggravated by 
deep breathing and was not relieved by ad- 
ministration of analgesics. Twelve hours 


prior to admission, she began to have 


fainting episodes when attempting to 
stand or sit. She then noted the onset of 
nausea and vomiting, and was hospi- 
talized. 

There was no past history of similar 
complaints. She had the usual childhood 
diseases and denied any serious medical ill- 
nesses. There was no history of trauma. 

Approximately three months prior to ad- 
mission, she was delivered, via cesarean 
section, of a full-term healthy male infant. 
She had taken oral contraceptives (1 mg 
ethynodiol diacetate and 0.1 mg mestranol 
[Ovulen-21]) for one year prior to becom- 
ing pregnant and for the two months fol- 
lowing the cesarean seetion. 

The patient was well nourished, well de- 
veloped and in acute distress; she was pale 
and complained of pain in the upper part 
of the abdomen and chest. Her blood pres- 
sure was 120/80 mm Hg and pulse rate was 
120 beats per minute. Respirations were 
labored at 28 per minute. The abdomen 
was distended and tender, particularly in 
the upper quadrants. There was referred 
pain to the right shoulder. Laboratory in- 
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Fig 1.—High power view of thrombus 
within hepatic vein with beginning fibro- 
plastic activity (hematoxylin-eosin, x 160). 


vestigations showed the following: hemo- 
globin, 8.2 gm/100 ml; hematocrit reading, 
25%; and white blood cell count, 25,100/cu 
mm. Electrocardiogram showed a sinus 
tachycardia with ST depression. The x-ray 
film of the abdomen showed some dis- 
tended loops of small intestine. 

A peritoneal tap done shortly after ad- 
mission indicated a hemoperitoneum. 


= Blood replacement was started and she 


was taken to the operating room where ex- 
ploration was carried out through a mid- 
line incision. Approximately 1,500 ml of 
dark blood with clots was noted in the peri- 
toneal cavity. On further exploration, a 
large hematoma involving the right lobe of 
the liver was found. The hematoma had 
ruptured through the capsule of the liver 
and was actively bleeding. The incision 
was extended into the right hemithorax 
and a right hepatic lobectomy was per- 
formed. Her postoperative course was 
complicated by a subdiaphragmatic ab- 
scess that necessitated drainage. In addi- 
tion, there was a persistent biliary fistula 
that closed four months following hepatec- 
tomy. It is now two years since the op- 
eration and the patient has been symp- 
tom free. Repeated liver scans have shown 
progressive regeneration of the liver mass. 

Pathologic examination of the resected 
right lobe of the liver showed thrombosis 
in the hepatic veins within the liver with 
necrosis of the hepatic parenchyma (Fig 1 
and 2). Some of the areas of the resected 
liver were not necrotic even though throm- 
bosis was present within the hepatic veins. 
Also, some of the thrombi were older in ap- 
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Fig 2.—High-power view of wall of vein 
with organizing thrombus (hematoxylin- 
eosin, X 160). 


pearance than others (Fig 3). In addition, 
the liver did not show the acute congestive 
and hemorrhagic picture of acute Chiari 
syndrome. 


Comment 


Since 1961, an attempt to establish 
a possible cause-and-effect relation- 
ship between use of oral contracep- 
tives and thromboembolic phenomena 
has been carried out. Studies in Great 
Britain and the United States indi- 
cate that the use of oral contracep- 
tives is associated with an increase in 
morbidity and mortality from throm- 
boembolic phenomena, albeit a small 
increase.^ ° The lung and brain have 
been the usual areas described as 
being most affected by these 
changes." However, there have been 
several reports now indicating some 
causal relationship between hepatic 
vein thrombosis and use of oral con- 
traceptives.'°'? These reports have 
described typical instances of a Chiari 
syndrome with thrombosis in the ma- 
jor hepatic veins. However, they were 
not associated with rupture of the 
liver. To our knowledge, rupture of 
the liver has not been described in as- 
sociation with thrombosis of the he- 
patic veins. 

Retrospective studies done in the 
United Kingdom and Scandinavia, to 
determine the risk of thromboembolic 
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Fig 3.—Photomicrograph of section of 
liver parenchyma at some distance from the 
point of rupture in which is demonstrated 
fairly old thrombosis within an hepatic vein 
(hematoxylin-eosin, X 40). 


phenomena with use of different oral 
contraceptive products, suggest a pos- 
itive correlation between the dose of 
the estrogen component and the 
occurrence of thromboembolism." 
These studies suggested that the 
product with the smallest amount of 
estrogen that was effective should be 
used. In the case reported, the patient 
had been taking a combination drug. 
The genesis of venous thrombosis in 
relationship to the use of oral contra- 
ceptives is difficult to evaluate. 
Venous stasis associated with an in- 
crease in coagulability and an in- 
crease in fibrinolysis may be a factor. 
Controlled studies have shown in- 
creases in coagulation factors such as 
platelet count, prothrombin time, pre- 
convertin test, plasma thrombotic ac- 
tivity, and plasma proteolytic activ- 
ity, when comparing values before 
and after pill ingestion. These 
changes, however, were not associ- 
ated with an increased incidence of 
thrombotic complications in the study 
group T 

The segmental nature of the he- 
patic vein thrombosis in the liver has 
not been noted before. It has, how- 
ever, been described as focal in the in- 
testinal tract. Miller® described a case 
of focal mesenteric venous throm- 
bosis in a young woman taking oral 
contraceptives for three years. Kil- 
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patrick et al’ also reported reversible 
vascular changes in the colon in pa- 
tients taking oral contraceptives. 
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Editorial Comment 


possibility of this intensely congested liver 
undergoing spontaneous rupture without 
recognizable trauma. 

Spontaneous rupture of the liver does oc- 
cur in association with a multitude of vari- 


ous diseases and hepatic abnormalities 


such as infectious mononucleosis, tumors 
of various types (particularly angioma), 
malaria, and many other conditions. The 
only direct relationship in the literature 
between spontaneous rupture and the type 
of hormonal changes induced by ingestion 
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of oral contraceptives are two reports of 
spontaneous rupture of the liver complicat- 
ing pregnancy. Hepatic vein thrombosis 
was not specifically mentioned in either of 
these, but was not ruled out, and one could 
postulate certain hormonal similarities be- 
tween pregnancy and the ingestion of oral 
contraceptives. 

WILLIAM V. MCDERMOTT, JR. 

Boston 
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Hypernephroma in Children 


Review and Case Report 


Kaare K. Nygaard, MD, Howard B. Simon, MD, White Plains, NY 


To the 43 cases of hypernephroma in 
childhood reported in the literature, we have 
added the present case of a girl, aged 412 
years. A transabdominal nephrectomy was 
carried out 25 years ago. She has developed 
normally. She is in good health and enjoying 
life as a robust, hardworking housewife. Re- 
peated investigations over these years have 
revealed no abnormalities of any type. 
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HyPernephiroma occurring in child- 
hood is an extremely rare clin- 
ical entity. Bell, in a review of 373 
renal tumors, failed to find a case 
in the first decade of life and doubted 
the existence of renal carcinoma in 
this age group. Gross? did not encoun- 
ter a single case in 30 years at the 
Boston Children’s Hospital, and Mel- 
licow,’ in a review of 199 cases of re- 
nal tumor, found none in children. 
The following case report is prompted 
both by the evident rarity of this en- 
tity and by the almost unique long- 
term survival following surgery. 


Report of a Case 


A 4's-year-old white girl was first seen 
because of a mass in the right side of the 
abdomen, noted on routine examination by 
her pediatrician. Her past history was en- 
tirely normal, except that she had been 
born prematurely with a weight of only 1.6 
kg. Her subsequent growth and develop- 
ment had been normal, and symptoms 
referable to her urinary tract were absent. 

On examination, her vital signs were 
within normal limits. She was found to be 
a well developed, healthy-appearing child 


es 


Accepted for publication May 15, 1973. 

From the departments of surgery (Dr. Ny- 
gaard) and urology (Dr. Simon), White Plains 
Hospital, White Plains, NY. 

Reprint requests to Department of Surgery, 
White Plains Hospital, White Plains, NY 10601 
(Dr. Nygaard). 


in good nutritional status. Results of phys- 
ical examination were normal, except for 
some dullness to percussion in the right 
half of the upper part of the abdomen and 
flank. 

A palpable mass was found to fill the 
right flank, reaching to 5 cm below the 12th 
rib laterally and anteriorly. The consist- 
ency of the mass was rather firm, slightly 
irregular, and not movable. 

She was admitted to White Plains Hos- 
pital on Jan 13, 1948. At admission, results 
of a complete blood count and urinalysis, 
including microscopic examination of the 
urinary sediment, were normal. Specifi- 
cally, the urine was free of erythrocytes. 
Roentgenographic examination of the 
chest was within normal limits. An intra- 
venous urogram disclosed a round density, 


approximately 7.5 cm in maximum diame- 


ter, extending laterally in the region of the 
lower pole of the right kidney shadow on 
the preliminary film. Each kidney excreted 
media in good concentration at five min- 
utes. The left kidney and ureter were nor- 
mal. The pelvis and calices of the right kid- 
ney were considerably distorted, the pelvis 
being elevated and the inferior calices 
elongated and displaced laterally. The 


proximal ureteral segment was displaced - 


medially. These changes appeared to be 
due to the aforementioned mass occupying 
the region of the lower half of the right 
kidney. 

On Jan 16, 1948, surgical intervention 
was undertaken (K.K.N). A transperi- 
toneal approach was chosen. There were no 
evidences of intra-abdominal metastases, 
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nor of enlarged lymph nodes. The right- 
sided retroperitoneal mass was gently ap- 
proached through an opening made along 
the lateral gutter of the ascending colon. 
The tumor had displaced the second and 
third part of the duodenum, as well as the 
ascending colon, medially. These struc- 
tures were readily lifted off the attach- 
ment to the tumor mass. The ureter was 
identified and ligated 10 cm from the ure- 
teropelvic junction and used as traction 
during the easy and gentle exposure of the 
kidney pedicle, which was secured before 
any actual manipulation of the tumor mass 
had been undertaken. The subsequent 
freeing and removal of the tumor was 
readily carried out with no definite gross 
evidence of actual involvement of the tu- 
mor with the surrounding tissue struc- 
tures. The tentative clinical diagnosis was 
that of a right renal malignancy. 


Pathology 


Specimen of Right Kidney.—Gross.—The 
specimen (Fig 1) was a right kidney weigh- 
ing 220 gm and measuring 10.5 cm in 
length, 6 em in width, and 5 cm in thick- 
ness. The inferior and posterior portions 
were completely replaced by a large, ovoid 
tumor mass 8 cm in maximum diameter. It 
was composed of extremely soft, friable, 
yellowish-gray tissue which tended to be 
arranged in irregular cords, radiating 
from a small central stellate fibrous core. 
The tumor was surrounded by a thin cap- 
sule and bulged into the pelvis inferiorly 
and posteriorly. 

Histological._The tumor (Fig 2-4) can- 
sisted of rounded masses and cords several 
cells wide, of rather large polygonal epi- 
thelial cells. These cells had a round or 
ovoid vesicular nucleus with a large nucle- 
olus and a sharp nuclear membrane. The 
nucleus was enclosed in a large amount of 
pale, coarsely granular, sometimes vacu- 
olated cytoplasm. A few of the cells had a 
water-clear aspect, but in most of them 
the abundant cytoplasm was pale-staining. 
With the Scharlach R stain, a considerable 
amount of stainable lipid was demon- 
_ strable in the tumor cells, thus at least par- 
tially accounting for the pallor of the cyto- 
plasm. In a few of the cell masses, there 
was a tendency to form tubular, glandular 
spaces bordered by pyramidal cells, and in 
some areas the architecture was faintly 
papillary. Tumor cells were, on the whole, 
fairly regular in structure. No mitoses 
were encountered. There was a broad band 
of dense hyalinized collagen that tended to 
form a capsule about the tumor. However, 
this capsule was invaded at many points 
by mushrooming bands of tumor cells, and 
many of the gland spaces in such tumor 
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Fig 1.—Gross specimen of right kidney. 


Fig 2.—Tumor invading blood vessel (he- 
matoxylin-eosin, original magnification 


areas contained blood. Peripheral to this 
was a narrow zone of atrophic and greatly 
compressed kidney tissue that was infil- 
trated by considerable numbers of tumor 
cells. A small vein embedded in the tumor 
contained, within its lumen, isolated tumor 
cells, as well as a small clump of such cells. 

Diagnosis.—Carcinoma (hypernephroid 
type) of the right kidney. Convalescence 
was uneventful, and the patient was dis- 
missed from the hospital on Jan 27, 1948. 
Roentgen therapy was not given postoper- 
atively. 

The patient has been examined at fre- 
quent intervals during the ensuing 24 
years, and at no time has evidence of re- 
current neoplasm been indicated. She has 
developed normally and well, and has re- 
cently been delivered of a full-term, nor- 
mal female child. 
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Fig 3.—Typical clear cell tumor invading 
blood vessel (hematoxylin-eosin, original 
magnification X 100). 


Fig 4.—Typical clear cell carcinoma of kid- 
ney (hematoxylin-eosin, original magnifica- 
tion x 594). 
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Comment 


A careful review of the literature 
disclosed 43 previously reported cases 
of hypernephroma occurring before 10 
years of age (Table).**! The authen- 
ticity of some of the earlier cases is 
questionable." For example, in the 
case reported by Hellström,’ the tu- 
mor was noted to have decreased re- 
markably in size following four days 
of preoperative roentgen therapy, be- 
havior not characteristic of hyper- 
nephroma. 

The case herein reported is the 
third apparent “cure” recorded, no 
cases previously described having sur- 
vived beyond five years after surgery, 
with the exception of Nicholls’ and 


Hypernephroma in Children/Nygaard & Simon 


Hypernephroma Occurring in Children During First Decade of Life 


No. 
of Hema- Intravenous 
Source Year Cases Age Sex Side Mass turia Urogram Surgery Survival 
Nichols MF* 1936 1 lyr,l10mo M Nephrectomy Alive and well 24 yr 
later® 
Scotti DW‘ 1939 3 WY yr, 41⁄2 yr; F:2 + 0 Nephrectomy Dead 
61% yr M:1 ; 
Hellström P” 1939 1 11⁄ yr M R + 0 Nephrectomy Alive 3 mo 
postoperatively 
Roche AE® 1950 1 6 yr M L AAs Wee rar a Nephrectomy Alive 14 yr later 
Campbell M’ 1951 1 8 yr F R > 0 Mass Nephrectomy 
Kaplan JH, et al’? 1952 1 8 yr F L + o Mass Nephrectomy 
Hempstead RH, etal” 1953 1 8 yr M L 0 + Mass Nephrectomy Alive 8 mo 
postoperatively 
Scott LS” 1954 1 3yr F R + 0 Biopsy Died 2 weeks 
postoperatively 
Beattie JW" 1954. 1 7yr F R + 0 Mass Nephrectomy Alive 2 yr 
postoperatively 
Carlson HE™ 1955. 1 9 yr M L + (0) Mass Nephrectomy Alive 8 mo 
i postoperatively 
1955 10 0-4 yr:4 Prk hi +:2 Biopsy:4 Dead:5 
5-9 yr:6 M:4 R:2 0:0 ?:6 Not stated:5 
75>. 7:8 
Currie JA’ 1955. 1 5 yr F R 0 + — Mass Nephrectomy Died 314 yr 
postoperatively 
Johnson and 1955 2 2yr; 2144 yr F Rel). + 0 Mass:1 Biopsy:1 Died 1 mo post- 
Marshall™ L:1 operatively:1 
Not done:1 Nephrectomy:1 Alive 424 yr post- 
operatively:1 
Clinton-Thomas 1956 1 10 yr F R a ya 0 Mass None Died in 6 weeks 
and Robinson” (autopsy) 
Reiser and Creevy™ 1956 1 214 yr M L + 0 Mass Nephrectomy Alive 2 mo 
postoperatively 
Hogan and Simons” 1957 1 5 yr F L 0 0 Normal (renal Nephrectomy Alive 2 yr post- 
duplicated) > operatively 
Mogg RA” 1957 1 10 yr M R 0 F Mass Nephrectomy Died 10 mo 
postoperatively 
Marcial-Rojas RA, 1958 1 8 yr F R 0 nie Hydronephroma Nephrectomy Alive 15 mo post- 
et al” operatively 
Robertson DM, et al? 1959 1 3yr F L 0 + Mass Nephrectomy Alive with recurrence 
16 mo postopera- 
d tively 
Cresson and — 1959 1 8 yr M Nephrectomy Died 6 mo post- 
Pilling” operatively 
Scruggs and 1961 2 9yr; 9yr 2 ae | Soe. + Nonfunctioning:1 Nephrectomy Alive 1 yr post- 
Ainsworth** M:1 R:1 operatively:1 
Poor functioning:1 Died 6 mo post- 
operatively:1 
Borovoy and Rome® 1963 1 10 yr F R 0 + Mass Nephrectomy Alive 7 mo 
postoperatively 
Marcus and Watt” 1966 1 10 yr F R 0 + Mass Nephrectomy 
Farber and Vawter”’ 1966 1 8 yr M R + 0 ea Nephrectomy Axi 
Hara S, et al” 1968 1 3 yr M R 0 + Clinical blunting; Nephrectomy Alive 4 yr 
no mass postoperatively 
Aron and Gross” 1969 1 8 yr M L + a5 Mass Nephrectomy Alive 14 mo 
postoperatively 
1969 2 5 mo; 1 yr F R:l + 0 Mass:1 Nephrectomy Died 1 mo post- 
L:1 operatively:1 
Nonfunctioning:1 Died 10 mo post- 
operatively:1 
Shanberg AM, etal? 1970 1 10 yr M R + + Mass Nephrectomy Alive 1 yr post- 
operatively 
Manson AD, et al” 1970 1 6 yr F R + E Nephrectomy Died 4 mo post- 
operatively 
Nygaard and Simon 1971 1 4yr F R 0 Mass Nephrectomy Alive and well 24 yr 
postoperatively 
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Roche’s* cases. 

A lapse of 24 years since surgery in 
our case is prognostically encour- 
aging. The microscopic observation of 
venous invasion by tumor cells, as 
well as capsular infiltration, repre- 
sented characteristics of the tumor 
which seemed to augur an unfavor- 
able prognosis. In this connection, it 
might be of interest to quote the fig- 
ures of the Mayo Clinic based on ob- 
servations in 509 cases of hyper- 
nephroma.* There were 275 of these 
with vein involvement, (54%), while 
the remaining 46% had no demon- 
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strable vascular involvement. Pa- 
tients without vein involvement lived 
five years or longer in 55.4% of cases, 


as compared to a survival rate of 29% - 


in the group with vein involvement. 
The usual clinical triad of hema- 
turia, pain, and palpable mass charac- 
teristic of adult hypernephroma does 
not appear to apply to childhood tu- 
mor. Pain, usually localized in the ab- 
domen, was quite uncommon in the 
reported cases, and hematuria oc- 
curred in only about one half of the 
patients. There appears to be no pred- 
ilection regarding sex, and the tumor 
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Dacron Aortic Graft Failure 


Paul A. Cooke, MB, BCh; Paul A. Nobis, MD; Ronald J. Stoney, MD, San Francisco 


Three cases cf aneurysmal dilatation, one 
with fatal rupture, occurred in Dacron aortic 
prosthetic grafts. Extensive testing of two 
specimens failed to identify the cause of fail- 
ure. This experince emphasizes the remote 
but serious complication of graft failure that 
should be considered in any patient in whom 
an arterial prosthesis has been used. 


ntrinsic graft failure, the major 
hazard of arterial replacement, 
has almost disappeared since the ad- 
vent of Dacren prostheses. Aneurysm 
formation has previously been re- 
ported'* in three grafts used to re- 


pair peripheral arterial lesions. To our 


For editorial comment see page 13. 


knowledge, failure of an aortic pros- 


thesis has not been described. Forma- 
tion of an aneurysm in three knitted 
Dacron prostheses used for aortoiliae 
substitution during the last three 
years is reported. 


Report of Cases 


CaSE 1.—In 2 58-year-old man an abdom- 
inal aneurysm was replaced with a knitted 
Dacron bifureation prosthesis. Continuous 
Tyeron sutures were used for the anasto- 
moses. The aneurysmal wall was wrapped 
around the graft to protect adjacent vis- 
cera. The patient remained well for the 
next two years, but then he reentered the 
hospital because of severe lambar pain, 
shock, and a tender pulsatile mass in the 
right part of the abdomen. He was resusci- 
tated rapidly and was operated on for sus- 
pected rupture of an anastometic false an- 
eurysm. There was approximately 1,000 ml 
of fresh blood in the abdominal cavity and 
a tense, pulsating hematoma measuring 10 
by 15 cm was present in the right retrope- 
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ritoneum. The aorta was controlled and the 
graft was exposed. An irregular rent 3 cm 
long in the anterior wall of the aortic por- 


tion of the prosthesis was the source of- 


bleeding and communicated with the he- 
matoma (Fig 1, left). This segment of the 
prosthesis was excised and replaced with a 
new segment of Dacron graft. However, 
the patient died from irreversible shock 
despite all resuscitative measures. 

The excised prosthesis was aneurysmal. 
Its circumference was increased by 60% in 
its widest portion. An irregular stellate 
posterior defect 1 cm long was also noted 
(Fig 1, right). Cultures and special stains 
were negative for bacteria or fungi. 

CASE 2.—A 63-year-old woman was oper- 
ated on for a symptomatic abdominal an- 
eurysm. The entire abdominal aorta was 
aneurysmal. The infrarenal aortic aneu- 
rysm was replaced with a tubular knitted 
Dacron prosthesis 22 mm in diameter. 
Eight months later she had severe left 
lumbar back pain and a tender pulsatile 
mass in the left part of the epigastrium. 
Aortography showed that the upper ab- 
dominal aneurysm was unchanged; how- 
ever, the infrarenal graft region was wid- 
ened to 5 cm in diameter (Fig 2, left). 
Operation was performed immediately be- 
cause of the threat of rupture but no evi- 
dence of false aneurysm or bleeding was 
found. Instead, the graft was aneurysmal. 
It was removed and replaced with a tubu- 
lar prosthesis 16 mm in diameter (Fig 2, 
center). The circumference of the pros- 
thesis increased by 60% at the point of 
maximal aneurysmal dilatation (Fig 2, 
right). No disruption of fibers in the pros- 
thesis was noted and no evidence of infec- 
tion was found. Six months after operation 
the patient is still well. 

CASE 3.—A 47-year-old woman under- 
went an aortofemoral bypass operation for 
atherosclerotic aortoiliac occlusive disease 
(Fig 3, left). A knitted Dacron aortic bifur- 
cation prosthesis 18 by 9 mm in diameter 
was anastomosed to the side of the subre- 
nal aorta and the distal limbs to the right 
common femoral and left external iliac ar- 
teries. Her ischemic symptoms were re- 
lieved for seven months; she then devel- 
oped severe intermittent claudication in 
the right leg. She had a pulseless ischemic 
right leg and a pulsatile abdominal mass in 


the aortic region. An aortogram showed 


aneurysmal dilatation of the aortic seg- 
ment of the prosthesis and occlusion of the 
right limb of the prosthesis (Fig 3, center 
and right). An attempt to restore patency 
to the right leg was unsuccessful. At this 
time she refuses operation to replace her 
aneurysmal prosthesis. 


Comment 


The propensity to aneurysmal dila- 
tation and rupture has plagued the 
evolution of arterial replacement 
grafts. Since Carrel’ noted dilatation 
of a human-to-dog graft in 1912, sim- 
ilar complications of heterograft ar- 
terial replacement, in a wide variety 
of experimental situations,’ have 
been reported. Clinical experience in- 
creased skepticism regarding the 
value of arterial grafts as an effec- 
tive arterial conduit.’ Not even the fi- 
cin-dialdehyde-starch® modification 
has totally eliminated the tendency of 


heterografts to dilate.*°’ Human arte- — 


rial homografts have similarly fallen 
into progressive disrepute as reports 
have accumulated demonstrating 
their tendency to undergo degenera- 
tion with aneurysmal dilatation. 
Since Voorhees et al" introduced 
the first porous plastic arterial pros- 
thesis in 1952, an ideal graft has been 
sought. Despite early enthusiasm, it 
soon became apparent that nylon 
loses 75% to 80% of its tensile 
strength within 7 to 18 months of im- 
plantation” and clinical failures due 
to aneurysmal dilatation and rupture 
of nylon aortic substitution grafts 
have been reported.'>" Ivalon also 
seemed to show initial promise as a 


_ prosthesis, and encouraging early re- 


sults were reported in experimental 
animals by Shumway et al" and in 
man by Rob et al’ and Ellis and Kirk- 
lin.'* However, long-term observation 
revealed frequent aneurysmal dilata- 
tion and rupture,'”'* and the use of 
Ivalon in humans was considered 
dangerous and unjustified. Orlon was 
also abandoned because it deteri- 
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Perforation 
Segment 


Excised Anterior Rent 


Fig 1.—Left, Diagram of findings at reoperation and regrafting 
two years after abdominal aortic replacement. Right, Resected 


specimen of ruptured Dacron graft demonstrating jagged edges of 





implanta- 
tion,” dilatation, and spontaneous 
rupture.” Sautot™ and Hayward and 
` White” have reported an aneurysmal 
dilatation in iliopopliteal Teflon pros- 
theses, and Martin and Copeman** de- 
scribed fatal rupture of an aortic Tef- 


orated after prolonged 


lon graft, attributed to sepsis. 
Nevertheless, Teflon has demon- 
strated greater durability than the 
other aforementioned prostheses. 
Dacron, however, has an enviable 
record as an arterial substitute. Of 
the estimated 15,000 aortic aneu- 
rysms and even larger number of aor- 
toiliac and femoral reconstructions 
performed in the United States alone 
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anterior rent (white arrows) and irregular stellate posterior perfora- 
tion (black arrows) (case 1). 


Fig 2.—Left, Transfemoral aortogram eight months after abdominal aortic replacement, 
demonstrating residual suprarenal thoracoabdominal aneurysm and dilatation of infrarenal 
aortic graft. Center, Diagram of subsequent operative findings and procedure indicating an- 
eurysmal graft (A) and its replacement (B). Right, Resected specimen of Dacron graft. Note 
dilatation which is greater centrally than at the suture lines above and below (case 2). 





each year,” Dacron is used in the 
overwhelming majority of patients. 
Knox' reported aneurysmal dilatation 
occurring in a femoral Dacron pros- 
thesis 5’ years after operation. This 
was an early graft of woven taffeta, 
calendered, lowporosity variety and 
was inserted in 1955. Pathologic ex- 
amination of the defective graft re- 
vealed a loss of weave conformity 
with fragmentation that resulted in 
dilatation. Wesolowski et al’ reported 
the sudden enlargement, from 8 to 12 
mm, of a knitted Dacron femoro- 
popliteal bypass graft three months 
after insertion. Orringer et al’ re- 
cently reported an aneurysm that ap- 


peared in an axillofemoral Dacron 
prosthesis. Fabrication flaws, intra- 
operative damage, or mechanical fa- 
tigue were postulated as possible 
causes of failure. 

In the present series, aneurysmal 
dilatation occurred within two years 
of implantation in three of over 400 
Dacron prostheses used to replace or 
bypass the lower part of the abdomi- 
nal aorta. Two grafts have been re- 
covered (Fig 1, right, and 2, right). 
Despite extensive testing, the factors 
responsible for their failure have not 
been identified. Even the determina- 
tion of the graft source was problem- 
atic and a method of graft labeling 
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Fig 3.—Left, Preoperative aortogram indicating the extent of aortoiliac occlusive disease. 
Center, Translumbar aortogram ten months after aorto-right femoral, left iliac bypass dem- 
onstrating aneurysmal aortic graft segment and thrombotic occlusion of right aortofemoral 
limb. Right, Diagramatic representation of ten-month aortogram (case 3). 


for later identification seems neces- 
sary. Faulty preoperative handling is 
possible, as plastics vary greatly in 
their ability to withstand the envi- 
ronmental conditions demanded by a 
wide range of sterilization methods.** 
However, heat sterilization was used 
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in one prosthesis, and gas steriliza- 
tion in the other two, making incrimi- 
nation of either technique difficult. 
Biodeterioration has been a sug- 
gested cause of failure, but in none of 
our patients was there any evidence 
of infection. However, we know little 
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Transgastric Drainage 


of a Large Encapsulated 


Omental Sac Hematoma 


Frederic W. Grannis, MD; David D. DuBois, MD; 


John S. Welch, MD, Rochester, Minn 


Retroperitoneal spontaneous hematomas 
are rare causes of distress and deformity in 
the upper part of the abdomen. Encapsula- 
tion by a fibrous wall may cause persistent 
symptoms and signs. A patient with a large 
encapsulated hematoma of the omental 
bursa is described in whom surgical manage- 
ment, utilizing transgastric internal drainage 
by means of a cyst-gastrostomy, was suc- 
cessful. 


ae alata hemorrhage is a 
V common sequela to severe, 
blunt, or penetrating abdominal 
trauma, but it also may occur in pa- 
tients who have suffered no injury or 
minimal injury. Such hemorrhage, in 
the absence of known trauma, has 
been noted in patients who have been 
taking anticoagulants. 

Significant bleeding in the tissue 
spaces of the retroperitoneal region 
usually occurs as an acute picture of 
shock, abdominal pain, and abnormal 
mass and usually requires no primary 
surgical intervention to aid resolu- 
tion. In some patients the process is 
relatively occult, and the hematoma 
proceeds to organization and fibrous 


encapsulation, with failure to resolve. 
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Such a chronic, encapsulated hema- 
toma may cause pressure on adjacent 
organs, and rarely becomes infected. 
Because of the diversity of symptoms, 
chronic retroperitoneal hematoma is 
usually not diagnosed before oper- 
ation, and surgical exploration is ad- 
vised because of suspected pancreatic, 
renal, or other retroperitoneal neo- 
plasm. Treatment of retroperitoneal 
hematomas may be resection, if fea- 
sible, or adequate drainage. 

The following case report concerns 
the presentation and management of 
a spontaneous, chronic, retroperito- 
neal hematoma that resembled a pan- 
creatic pseudocyst. 


Report of a Case 


A 73-year-old white man was well until 
December 1971, when he sustained a frac- 
ture of his right tibia in an automobile ac- 
cident. There was no known trauma to his 
abdomen. Two weeks later, he suffered a 
myocardial infarction, was hospitalized for 
30 days, and was dismissed in early Janu- 
ary on a regimen of oral warfarin sodium 
therapy. Three weeks prior to his admis- 
sion at the Mayo Clinic, he was awakened 
from sleep by epigastric pain and nausea, 
at which time he had an episode of hemate- 
mesis and fainted. He was treated in his 
home community with nasogastric suction 
and received 2 units of whole blood. Re- 
sults of a roentgenographic study of the up- 
per part of the gastrointestinal tract were 
suggestive of pancreatic carcinoma. On 


April 15, 1972, he was transferred to the 
Mayo Clinic for evaluation of his condition. 

On questioning, the patient denied ab- 
dominal pain, but he complained of early 
satiety and occasional vomiting of bilious 
material. He claimed normal bowel func- 
tion, but recalled melena during the first 
few days after the episode of upper gas- 
trointestinal tract bleeding. Anticoagulant 
medication had been discontinued during 
the prior hospitalization. There had been 
no previous abdominal surgery, and the 
patient denied jaundice and back pain. He 
had lost 5.4 kg during the previous month. 
Systems review was otherwise noncon- 
tributory. 

Physical examination revealed a poorly 
nourished man in no distress. His blood 
pressure was 126/76 mm Hg, and his pulse 
rate was 60 beats per minute and regular. 
There was no fever. He weighed 76.3 kg 
and was 176.5 em tall. The initial physical 
examination revealed mild scleral icterus, 
coarse rales at both lung bases, increased 
posteroanterior diameter of the chest, non- 
palpable cardiac impulse, and distant heart 
sounds. The abdomen was flat and soft 
with active bowel sounds; no bruits were 
heard. A large, firm, rounded, nontender 
mass, extending to the midline and to just 
above the umbilicus, was palpable below 
the left costal margin. The aortic pulse was 
transmitted by the mass. The liver edge 
was just palpable below the costal margin, 
but the spleen was not felt. 

Additional findings included mild, be- 
nign, prostatic hypertrophy; mild edema of 
the left foot; small varicose veins in the 
greater saphenous distribution on the left; 
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and some diminution of lower extremity, 
peripheral, arterial pulsations. The hemo- 
globin level was 12.7 gm/100 ml, the hema- 
tocrit value was 38.9%, and the leukocyte 
count was 7,600/cu mm, with a normal dif- 
ferential cell count. Results of ether blood 
serum and urine tests were witain normal 
limits, except for the initial prothrombin 
time of 21 seconds (normal 17 to 19). 

The electrocardiogram showed regular 
sinus rhythm at a rate of 86 beats per min- 
ute, with occasional atrial premature beats 
and a normal ventricular complex config- 
uration. A roentgenogram of the chest 
showed prominence of pulmonary arteries 
centrally, compatible with pulmonary hy- 
pertension. The flat abdominal film showed 
degenerative changes of the lumbar spinal 
column and multiple regions cf punctate 
splenic calcification. Lateral abdominal 
films showed no suggestion of an abdomi- 
nal aortic aneurysm. Roentgenographic 
study of the upper gastrointestinal tract 
indicated that the esophagus, stomach, 
and duodenum were normal, with no dis- 
placement of the duodenal loop. Results of 
a barium enema study revealed that the 
colen, although intrinsically normal, was 
displaced by a soft-tissue mass in the left 
upper quadrant of the abdomen (Fig 1). 
Results of proctoscopic examination were 
normal to a distance of 24 cm, and findings 
on an excretory urogram were also normal. 

The tentative diagnosis was that of a 
pancreatic malignancy, but additional pos- 
sibilities included posttraumatic pan- 
creatic pseudocyst and retroperitoneal 
hemorrhage secondary to anticoagulant 
therapy. 

Exploratory laparotomy was performed 
on the seventh day after admission. A left 
subcostal incision revealed that a large 
cystic mass, apparently occupying the 
omental bursa, filled the left upper quad- 
rant. The remaining abdominal viscera 
were normal. The uninvolved portion of 
the lesser sac was entered, and the cystic 
mass was noted to have a thick fibrous wall 
firmly adherent to a large portion of the 
posterior wall of the stomach (Fig 1). The 
possibility of a pancreatic pseudocyst was 
considered, and a large-bore needle was 
passed through the anterior and posterior 
walls of the stomach into the cyst. Dark- 
red and black fiuid was aspirated. Incisions 
through the anterior and posterior walls of 
the stomach were made, and tae cyst was 
entered. Approximately 1,000 ml of both 
old and organizing blood clots were evac- 
uated from the cavity. The cavity, lined by 
a thick, but pliable, fibrous capsule, ex- 
tended laterally to the splenic hilum and 
medially almost to the midline. The pan- 
creatic outline, seen in the floor of the cav- 
ity, was completely normal in appearance 
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Fig 1.—Left and right, Large cystic mass in omental bursa adherent to posterior wall of 


stomach. 


Fig 2.—Roentgenograms of gastrointestinal tract. Left, Before operation. Filling defect 
(1 x 1 cm), representing residual cavity in posterior wall of stomach. Right, Six months af- 


ter operation: complete healing evident. . 


ge 
Sh 


and to palpation. The aorta and the supe- 
rior mesenteric and splenic arteries were 
palpated and were free of aneurysm or 
other abnormality. The spleen was normal. 
It was concluded that the “cyst” repre- 
sented an organizing hematoma, second- 
ary to spontaneous bleeding, associated 
with anticoagulation, and probably dated 
to the prior episode of epigastric pain and 
hematemesis. 

The cavity was drained internally by 
cyst-gastrostomy. The rim of the posterior 
gastrotomy was sutured to the rim of the 
cavity wall with a running lock-stitch of 
2-0 chromic catgut, and a Shirley sump 
drain was placed within the cavity. A 24-F 
mushroom catheter was left in the stomach 
as a gastrostomy and was brought out with 
the Shirley sump drain through the closed 
anterior gastrotomy. The drainage tubes 
were brought out through a stab wound in 
the midepigastrium, and the abdomen was 
closed in layers. 





The postoperative course was compli- 
cated by congestive heart failure and res- 
piratory insufficiency, which responded 
slowly to digitalization, salt and fluid re- 
striction, use of diuretics, nasally adminis- 
tered oxygen, and chest physiotherapy. 
Continuous suction was maintained on the 
sump and gastrostomy tubes, and the pa- 
tient was not given oral feedings. 

On the ninth postoperative day, a roent- 
genographic study with contrast medium 
through the sump catheter showed obliter- 
ation of the cavity except for a narrow 
tract along the catheter. The sump cathe- 
ter was then removed, and the patient was 
given graduated oral feedings, which he 
tolerated without difficulty. On the 17th 
postoperative day, a barium study of the 
stomach showed a 1 x l-em filling defect 
in the posterior wall of the stomach: the 
defect representing the remnant of the 
cavity (Fig 2, left). The gastrostomy tube 
was removed on the 21st postoperative 
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day, at which time the patient had no ab- 
dominal discomfort and ate a general diet 
without distress. His pulmonary problems 
abated sufficiently for him to be dis- 
charged on the 25th postoperative day. 

Five months after his discharge, he 
stated that he felt well and had gained 9.1 
kg and that his gastrointestinal functions 
were satisfactory. Results of examination 
of the abdomen were not remarkable. A 
barium study of the upper gastrointestinal 
tract showed no displacement of the stom- 
ach or the duodenum, and the previously 
visualized small defect in the posterior 
wall of the stomach was well-healed (Fig 2, 
right). The patient has no dietary restric- 
tions and has remained well. 


Comment 


In 1938, Polkey and Vynalek' re- 
viewed the literature of spontaneous 
nontraumatic perirenal and renal 
hematomas and concluded that most 
such retroperitoneal hematomas are 
secondary to renal and adrenal tu- 
mors and inflammations. They found, 
however, that a few hematomas were 
due to blood dyscrasias or were of 
unknown cause. They also noted the 
infrequent occurrence of cystic-scle- 
rosed hematomas in the retroperito- 
neum. 

Kastl? described a series of patients 
who had retroperitoneal hemorrhage, 
of whom two had hemorrhage from 
relatively minor trauma. In one of 
these patients, a 10-cm, blue, cystic 
mass above the pancreas was drained 
of chocolate-brown fluid, after a six- 
month course of left upper quadrant 


1. Polkey HJ, Vynalek WJ: Spontaneous 
nontraumatic perirenal and renal hema- 
tomas: Experimental and clinical study. 
Arch Surg 26:196-218, 1933. 

2. Kast! WH: Retroperitoneal hemor- 
rhage in  non-penetrating abdominal 
trauma. Med Times 87:164-167, 1959. 

3. Leake R, Wayman TB: Retroperito- 
neal encysted hematomas. J Urol 68:69-73, 
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pain. 

Leake and Wayman’ described two 
patients with retroperitoneal en- 
eysted hematomas in whom the 
hematomas were excised. Both pa- 
tients had chronic left upper quad- 
rant pain, no history of major 
trauma, and large masses demon- 
strable on roentgenographic exami- 
nations. The encysted hematomas 
had fibrous capsules without epithe- 
lial lining and were filled with old 
blood and necrotic debris. 

Coley and Ottenheimer* and John- 
son et al reported the presence 
of chronic retroperitoneal organizing 
hematomas in children. Babb et al’ 
reviewed the literature on gastroen- 
terologic complications of anti- 
coagulant therapy and noted the 
infrequent occurrence of retroperito- 
neal hemorrhage in patients who 
were receiving anticoagulant ther- 
apy. Larsen and co-workers’ de- 
scribed two patients in whom omen- 
tal bursa hematomas developed while 
they were receiving oral anti- 
coagulant therapy. Both patients had 
hemorrhage that was believed to 
originate in hemorrhagic pancreatitis 
secondary either to bleeding into the 
pancreas, with production of pan- 
creatitis, or to mild pancreatitis, with 
bleeding due to the decreased pro- 
thrombin activity. One patient had a 
borderline elevation of the serum am- 
ylase level. ; 

Morrison and Wurzel* reviewed 37 
eases of retroperitoneal hemorrhage 
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diagnosed during a ten-year period. 
Although hemorrhage in most cases 
was believed secondary to trauma or 
surgical misadventure, 12 patients 
who had had no trauma had been re- 
ceiving intramuscular injections of 
heparin sodium as treatment for 
myocardial infarction or throm- 
bophlebitis. It was theorized that the 
bleeding was due to diffusion, into the 
retroperitoneum, of heparin injected 
under the external investing fascia of 
the thigh. Flank ecchymosis and a 
mass were notable physical findings. 

Whatever the cause, most nonpro- 
gressive hematomas associated with 
the abdominal cavity need no drain- 
age; indeed, drainage attempts may 
predispose to secondary infection. 
Chronic hematomas that are encysted 
present problems of pressure on 
neighboring structures, misdiagnosis, 
and occasional infections, and for 
these, surgical treatment may be in- 
dicated. In most cases, the hema- 


-tomas can be drained externally, 


although occasionally the fibrotic cap- 
sule is excised. We are unaware of 
previous reports of intended internal 
drainage of such a hematoma, al- 
though internal drainage must have 
occurred in the process of controlling 
a suspected pancreatic pseudocyst. 
The usual principles of adequate cyst- 
gastrostomy drainage followed in our 
patient’s care resulted in prompt ob- 
literation of the cavity, control of 
symptoms, and restoration of the 
anatomy. 
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creatitis complicating anticoagulant ther- 
apy. NY State J Med 62:2397-2399, 1962. 
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“Spontaneous” Rupture 


of Homografted Kidneys 


Gauke Kootstra, MD; Sijtze Meijer, MD; 


Job D. Elema, MD, Groningen, the Netherlands 


Two patients had ruptures of homografted 
kidneys; in one the kidney had to be re- 
moved; in the other the bleeding was so se- 
vere that the patient died within minutes. 
The clinical picture is described, a hypothe- 
sis of the mechanism of the rupture is dis- 
cussed, and an outline of the treatment is 
given. The incidence of rejection in all histo- 
logically examined ruptured kidneys and the 
plausible mechanism of rupturing during re- 
jection has led us to the conclusion that a 
rupture of a homografted kidney is not a 
spontaneous event, but a complication of re- 
jection. 


ne of our initially successful 
kidney transplants ended with 
nephrectomy because of a rupture of 
the organ. A second patient died sud- 
denly one week after kidney trans- 
plantation. Necropsy showed exsan- 
guination from rupture of the kidney. 
A study of the literature revealed 
16 published cases of “spontaneous” 
rupture of transplanted kidneys. 
Though rare, it seems important to be 
aware of the possibility of this com- 
plication of renal transplantation. 
Therefore, our two cases are reported 
and compared with the literature on 
this subject. 
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Report of Cases 


CasE 1.—A 31-year-old man underwent a 
cadaver kidney transplantation on June 26, 
1971, for a chronic proliferative glomerulo- 
nephritis. Regular hemodialysis treatment 
had been used for four years. 

One year prior to transplantation he un- 
derwent bilateral nephrectomy and appen- 
dectomy. 

The donor of the graft was a 46-year- 
old man, who died from a head injury 
in Denmark. Tissue typing showed two 
compatibilities and two incompatibilities 
between the donor and recipient. The 
cross-match was negative. The recipient 
was found to have antileukocyte antibodies 
on several occasions prior to transplanta- 
tion, presumably due to previous blood 
transfusions. However, these were not di- 
rected against any of the donor leukocytes. 
The warm ischemia time of the kidney was 
58 minutes. After transport on ice for four 
hours, the kidney was preserved for 24 
hours in the Belzer perfusion apparatus at 
the University Hospital of Leyden, the 
Netherlands. After transport on ice to 
Groningen, taking 100 minutes, the donor’s 
left kidney was anastomosed to the left 
iliac vessels. This procedure took 33 min- 
utes. After removal of the vascular clamps, 
there was a small ischemic area on the me- 
dial side of the upper pole with a maximum 
diameter of 2 cm. A small vessel supplying 
the upper pole of the donor kidney had 
been tied during removal. Otherwise the 
kidney immediately assumed a normal 
color and consistency. Capsulotomy was 
performed and the continuity of the uri- 
nary tract was established by uretero- 
cystostomy. One hour after recirculation a 
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Fig 1.—Postoperative course after transplantation (case 1). 
Biopsy (B); bladder operation (OP); transplant removed (TrR); dialy- 
sis (D); effective renal plasma flow (ERPF); glomerular filtration rate 
(GFR); filtration fraction (FF); and 24-hour creatinine clearance 
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Fig 2.—Cortex of kidney (case 1). Fibrin-coated tears leading to 


cortical surface and filled with blood (arrows). There is severe lym- 
phocytic infiltration and edema of interstitial tissue (methenamine- 


hematocrit reading of 25%. . 


biopsy specimen was taken halfway down 
the convex side of the kidney. This speci- 
men showed poor expansion of the glomer- 
uli and signs of tubular necrosis. The blood 
vessels were normal. The mean gran- 
ulocyte count per glomerulus was lower 
than 1.'? 

The postoperative course is shown in Fig 
1. The routine treatment with predniso- 
lone, azathioprine (Imuran), and cactino- 
mycin (Sanamycin) was instituted. Postop- 
eratively there was an anuric period and 
several hemodialyses were necessary. 

On the tenth day the renogram after in- 
jection of iodohippurate sodium I 131 
showed a pattern suggestive of rejection. 
An open biopsy on the eleventh day dis- 
closed round cell infiltration and edema of 
the interstices with small hemorrhages. 
The arteries showed intimal swelling and 
deposition of fibrin in the intima with nar- 
rowing of the lumens. At immunofluores- 
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silver stain, X 80). 


cent microscopic examination, deposition 
of fibrin, IgM, and complement in the in- 
tima of the arterioles was seen. 

Antirejection treatment was instituted: 
the dosage of prednisolone was increased 
to 200 mg/day and eight intravenous injec- 
tions of cactinomycin were added. On the 
12th day anticoagulant therapy with 
acenocoumarol (Sintrom) was started to 
prevent clotting of the external arterio- 
venous shunt. On the 28rd day diuresis ex- 
ceeded 1,500 ml/24 hr and during the fol- 
lowing days the diuresis and natriuresis 
continued to increase. 

On the 28th day a leakage from the cys- 
totomy incision was closed surgically and 
the bladder was drained by a transurethral 
catheter. On the 45th day the catheter was 
removed. On the same day the filtration 
fraction, 0.18 six days before, had dropped 
to 0.13, suggesting rejection. 

The renogram was unchanged. There were 


no clinical signs of rejection. Twenty-four 
hours later the patient suddenly bled from 
a former opening of a drain. There was no 
history of blunt trauma to the abdomen. 
The blood pressure was 145/80 mm Hg and 
the pulse rate was unchanged. The pro- 
thrombin test (Owren) was 14%. The hem- 
orrhage stopped after rapid correction of 
the effect of acenocoumarol therapy with 
factor II, VII, IX, and X preparations. 
Twelve hours later, however, the hemor- 
rhage recurred and a swelling developed in 
the left iliac fossa. The patient became 
hypotensive, the pulse rate increased, and 
diuresis stopped. 

At exploration a rupture was found in 
the upper pole of the kidney, which ini- 
tially could be sutured. The rupture was 
not related to the site of the biopsy or the 
avascular area. The amount of blood and 
clots around the kidney were not sufficient 
to explain the hypotension. 
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Because of the bluish color of the peri- 
toneum, the peritoneal cavity was opened 
and fresh blood appeared. At laparotomy 
approximately 1,500 ml of blood was found 
without any source of bleeding. During 
evacuation of blood from the peritoneal 
cavity a second tear occurred in the frag- 
ile,swollen kidney. This tear was deep and 
extended to the hilus. An upper pole resec- 
tion was technically impossible and ne- 
phrectomy had to be performed due to 
massive hemorrhage. The subsequent post- 
operative course was uneventful. 

Histopathologic investigation of the re- 
meved kidney showed an old infarcted 
area on the medial side of the upper pole 
and two large tears reaching from the con- 
vex border across the frontal cortex to the 


hilas. The vascular anastomoses were in- 


tact and open. Microscopic examination 
shewed an extensive interstitial infil- 
tration with lymphocytes and plasma cells, 
with edema and large and small hemor- 
rhages leading to the surface of the cortex 
through a number of tears, some of which 
were plugged by fibrin clots (Fig 2). There 
was no special relationship between the in- 
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Fig 3.—Course after transplantation (case 2). (See Fig 1 for expla- 


nation of abbreviations.) All measurements of FF were determined 
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farcted area and the tears. 

CASE 2.—A 37-year-old man underwent a 
cadaver kidney transplantation on May 19, 
1972, for chronic glomerulonephritis. Two 
months before, a gradually diminishing re- 
nal function necessitated regular hemodi- 
alysis. 

The donor of the graft was a 12-year-old 
boy, who died in our hospital from a head 
injury. Tissue typing showed one compati- 
bility and two or possibly three incom- 
patibilities. The cross-match was negative. 
The patient had no antileukocyte anti- 
bodies. 

The warm ischemia time of the donor 
kidney was 3 minutes, the cold ischemia 
time, 20 minutes. The donor’s left kidney 
was implanted in the right iliac fossa, the 
renal vein end-to-side to the external iliac 
vein, the two small renal arteries with an 
aortic cuff end-to-end, and beveled to the 
internal iliac artery, which took 54 minutes 
to perform. The kidney perfused well im- 
mediately after release of the vascular 
clamps. 

Capsulotomy was performed and the 
continuity of the urinary tract was estab- 


with a hematocrit reading of 24%. 






Fig 4. —Macroscopic appearance of kidney (case 2). Infarcted area 
is lighter in color than rest of kidney. Tears (arrows). 


lished by ureterocystotomy. Urine produc- 
tion started immediately. Subsequently 
transabdominal bilateral nephrectomy and 
appendectomy were performed. A biopsy 
specimen, taken one hour after revascular- 
ization, showed normal glomeruli and some 
tubular necrosis. The blood vessels were 
normal. The mean granulocyte count per 
glomerulus was lower than 1. The postop- 
erative course is shown in Fig 3. 

The immunosuppressive treatment con- 
sisted of administration of prednisolone, 
azathioprine, and cactinomycin. On the 
fourth postoperative day the creatinine 
clearance had increased to 43 ml/min. Dur- 
ing the following days diuresis and natri- 
uresis remained too low. On the sixth day 
leukocytosis and a rise in temperature 


_ were noticed and rejection was diagnosed. 


Antirejection therapy was started with 
administration of prednisolone (200 
mg/day). No anticoagulants were given. 
Diuresis and renal function decreased pro- 
gressively. On the seventh postoperative 
day the already too low filtration fraction 
of 0.13 on the fifth day had dropped to 0.06. 
On the eighth day, after complaints of ab- 
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dominal pain, the patient suddenly became 
hypotensive, and a few minutes later car- 
diac arrest occurred. Resuscitation was 
unsuccessful. 
_ Necropsy was performed seven hours af- 
ter death. A large hemorrhage with both 
fresh blood and adherent clots was found 
around the transplanted kidney, extending 
retroperitoneally behind the cecum and the 
ascending colon, around the bladder, and 
into the base of the mesentery. The bleed- 
ing had broken through to the peritoneal 
cavity at the hepatic flexure of the colon. 
The kidney itself was swollen and a large 
part of the lower pole was infarcted, due to 
occlusion by thrombosis of the smaller of 
the two arteries. The venous anastomosis 
was intact and open. At the convex border, 
quite near the infarcted area, there were 
two small tears partly covered with fibrin 
(Fig 4). On histologic examination the kid- 
ney showed signs of severe interstitial re- 
jection with hemorrhages. 


Comment 


According to the literature, the in- 
cidence of spontaneously ruptured 
homografts generally varies from 3% 
to 6% (Table). The rupture usually oc- 
curs within the first four days postop- 
eratively (eight cases) or in the next 
week (seven cases, including our sec- 
ond patient). A late rupture, after 170 
days, has been recorded by Lord et 
al.° In our first patient the rupture oc- 
curred 46 days after the transplanta- 
tion. 

Both sibling and cadaver kidneys 
have been involved. The ischemia 
time of the ruptured kidneys varied 
from very short to more than 24 
hours; two kidneys had been pre- 
served in a Belzer machine. 

The clinical picture of a ruptured 
kidney is uniform and characteristic: 
the patient complains of pain over the 
site of the transplant and a swelling 
ean be noticed, the blood pressure 
falls, the pulse rate increases, and di- 
uresis stops. Sometimes there is 
bleeding from the operation incision 
or drain opening as in our first pa- 
tient. In this case there was, after the 
initial bleeding, a silent period of 12 
hours. A large quantity of blood was 
found in the peritoneal cavity and al- 
though no connection between the 
perirenal hematoma and the peri- 
toneal cavity could be found, a small 
peritoneal tear at the splenic flexure 
of the colon may have been over- 
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looked. 

In our second patient the course 
was totally different. Without preced- 
ing symptoms, he died in a few min- 
utes. Necropsy showed that the hema- 
toma had perforated to the peritoneal 
cavity. The sudden circulatory col- 
lapse probably coincided with the per- 
foration of the hematoma, which until 
then had been tamponaded in the ret- 
roperitoneal tissues. 

Minale et alè observed hematuria in 
all their six patients. In both our pa- 
tients hematuria existed, but was not 
very relevant in this regard because 
in the first patient a transurethral 
catheter had been removed the day 
before rupture, and in the second pa- 
tient there was still hematuria due to 
the surgical procedure. Because the 
kidneys usually ruptured in the early 
postoperative period, hematuria 
might also be due to the surgical pro- 
cedure. Therefore, hematuria is not a 
reliable symptom for rupture in this 
period. 

Minale et al* suggested that the 
eause of the rupture might be is- 
chemic damage of the transplant, 
perhaps potentiated by hypertension. 
Haimov et al’ postulated that imper- 
fect preservation in their case (air em- 
boli) might have created “an area of 
weakness which, when swelling which 
usually accompanies acute rejection 
occurred, became the starting point 
of rupture.” 

Lord et al found in their case that 
the posterior part of the kidney was 
hemorrhagic, the anterior part show- 
ing only moderately sized cortical 
hemorrhages. They believe that rup- 
ture could have resulted from stresses 
between the adjacent halves of the 
kidney. In a later publication of an- 
other case, Lord et al° recalled their 
view. They now stated that the site of 
rupture corresponds to the area of the 
greatest curvature where the tension 
is greatest. 

Based on unpublished cases col- 
lected by personal communication 
from many transplant centers, they 
concluded that the most frequent 
causes were rejection and ischemic 
damage. In Siedek’s opinion’ acute 
rejection was the cause of the rupture 
in his case. 

In the first patient of Murray et al’ 


Source of 
Kidney 


Murray 
et al? 
Case 1 Sibling 


Case 2 Sibling 


Case 3 Sibling 


Case 4 Cadaver 


Siedek* Cadaver 


Lord 
et alf 


Sibling 


Flanigan Cadaver 
et al® 


Case 1 
Case 2 Cadaver 


Haimov 
et al’ 


Cadaver 


Minale 
et al® 


Case 1 Cadaver 


Case 2 Cadaver 


Case 3 Cadaver 


Case 4 Cadaver 


Case 5 Cadaver 


Case 6 Cadaver 


Lord Cadaver 


et al’ 


Koostra 
et al 
Case 1 Cadaver 


Case 2 Cadaver 








Frequency 
of Rupture Preservi 
Short 
isch 
Short 
4 of 110 isch 
transplants 
Short 
isch 
Short 
isct 
1 of 21 Short 
transplants isct 
1 of 157 Short 


transplants isct 


2 of 46 isct 
transplants 





1 of 30 
transplants iscl 








6 of 100 
transplants 








1 of 280 
transplants isc 


2 of 39 
transplants 
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Capsu- 
Biopsy lotomy 
Bres No 
| No No 
No No 
No No 
No 
Byes, at No 
the 
150th 
day 


No 


No 


Yes 


Yes 


Day of 
Rupture 


2 


10 


+170 


3 


3 


12 


46 


Data of Ruptured Homografted Kidneys 


Symptoms 


Anuria, bleeding 
operation incision, 
hypotension 


Retroperitoneal 
hematoma, 
icterus 


Oliguria, pain 
and swelling 
over kidney, 
ħypotension 


Hypotension, 
acute abdominal 
condition 


Pain and swelling 
over kidney, 
hypotension 


Swelling over 
kidney, hypotension, 
oliguria 


Oliguria, swelling 
over kidney, 
hypotension in 
all cases 


Pain and swelling 
over kidney 


Bleeding drain 
opening, swelling 
over kidney, 
hypotension, 
oliguria 


Abdominal pain, 
hypotension, 
sudden death 
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Operative Findings 
and Therapy 


Rupture through biopsy 
incision along convexity, 
pole to pole, 
tamponade 


Rupture along short 
axis, tamponade 


Rupture along convexity, 
tamponade 


Rupture along convexity, 
nephrectomy 


Infarction under pole, 
rupture at border of 
infarction, nephrectomy 


Rupture along convexity 
from pole to pole, 
1 cm deep, not through 
biopsy site, partial 
infarction of kidney, 
nephrectomy 


Nephrectomy 


Nephrectomy 


7.62-cm long rupture at 
convexity of upper 
pole, suturing 


Rupture from pole to 
pole along convexity, 
suturing, 9th day new 
rupture in middle, 
suturing 


Multiple ruptures, 
suturing 


Rupture from hilus to 
upper pole, suturing 


Rupture along convexity 
of upper pole, suturing 


One large and multiple 
small ruptures, suturing, 
& coagulation 


Superficial ruptures, 
one with severe bleeding, 
coagulation 


Rupture along lower 24 
of convex border, 
nephrectomy 


Rupture of upper pole, 
suturing of new tears, 
nephrectomy 


Several small ruptures, 
partial infarction 
of kidney 


Postoperative 
Course 


Recovery of function, 
later chronic 
rejection 


Recovery of function 


Recovery of function 


Recovery of function 


Recovery of function, 
chronic rejection; 
died of sepsis, 130th 
day 


Recovery of function; 
died 109th day in 
coma hepaticum 


Recovery of function; 
after 5 yr symptoms 
of chronic rejection 


Recovery of function 


Recovery of function 


Recovery of function 


Recovery of function; 
died after 214 mo of 
Pseudomonas sepsis 


Died from continued 
incision bleeding 


ie 


Histologic 

Investigation 

No biopsy, later 
chronic rejection 


No biopsy 
No biopsy 


Mild to moderate 
rejection 


Severe interstitial 
rejection 


Rejection 


Interstitial 
rejection 


Interstitial 
rejection 


Biopsy, interstitial 
rejection 


No biopsy 


No biopsy 


No biopsy 
No biopsy 


No biopsy 


No biopsy 


Rejection 


Rejection 


Rejection 
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the rupture was through the site of a 
previous biopsy. This is the only re- 
ported case of a rupture through a 
biopsy incision. In the case of Lord et 
al,° in the third patient of Minale et 
al and in our patients there was no 
relation between the place of the 
biopsy and the site of the rupture. 
Capsulotomy, only performed in 
our two patients, does not seem to 
prevent a rupture. A blunt trauma in 
the region of the kidney has never 
been reported; therefore, a traumatic 
origin is not likely. Lord et al ob- 
served ruptures in homografted kid- 
neys in nontreated dogs on several 
occasions. 
` Clinical signs of rejection before 
the moment of the rupture occurred 
in several patients as in our second 
patient. In nine of the published cases 
of ruptured homografted kidneys no 
histologic investigation at the mo- 
ment of rupture was done. In all of 
the remaining nine cases extensive 
interstitial infiltration with lympho- 
cytes and plasma cells, with edema 
and hemorrhages present, according 
to the picture of rejection. 


1. Gellei B, et al: Polymorphonuclear 
leukocyte count in immediate bio sy of ca- 
daver kidney grafts. Arch Patho 92:98- 
100, 1971. 

2. Kincaid-Smith P, et al: Immediate re- 
nal-graft biopsy and subsequent rejection. 
Lancet 2:748-749, 1968. 

3. Murray JE, et al: Five years’ experi- 
ence in renal transplantation with immu- 
nosuppressive drugs: Survival, function, 
complications, and the role of lymphocyte 
depletion by thoracic duct fistula. Ann 
Surg 168:416-435, 1968. 

4. Siedek M: Beobachtungen bei Rejek- 
tion von Nierentransplantaten. Langen- 
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Based on these nine cases it seems 
possible that there is a relation be- 
tween the occurrence of rupture and 
the presence of rejection. 

A possible mechanism of rupturing 
caused by rejection could be based on 
three features: (1) Rejection involves 
interstitial edema and infiltration, re- 
sulting in swelling. (2) Due to the ra- 
dial structure of the kidney, swelling 
causes tension stresses in the cortex, 
especially at the convex border. (3) 
Rejection is accompanied by a dimin- 
ished cortical blood flow’ as is ex- 
pressed by a fall in filtration frac- 
tion, =? which makes the cortex 
vulnerable. The tension stresses can- 
not be withstood by the vulnerable 
cortex and tears occur. 

At surgical exploration in both our 
patients and in most of the published 
cases the tears were found at the con- 
vexity of the kidney, being 5 to 10 
mm deep, and limited to the cortex. 
These findings support our hypothesis 
of the mechanism of rupture. We 
therefore believe that spontaneous 
rupture of homografted kidney is a 
complication of rejection. 
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The therapy of a ruptured kidney 
should primarily be an attempt to 
save the organ by tamponade, sutur- 
ing, or coagulation as described in the 
ten successfully repaired cases 
(Table). However, on seven occasions 
exploration ended in a nephrectomy, 
which is the best therapy when the 
kidney function is gravely decreased 
by previous, persistent rejection peri- 
ods.'® 

We believe it is important to be 
aware of rupture of the transplant 
when shortly after transplantation 
signs of bleeding and rejection are 
present. 
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Hepatic Calcification 


Due to Fasciola gigantica 


Didier Grange, MD; Daniel Dhumeaux, MD; Pierre Couzineau, MD; 
Henri Bismuth, MD; Jean-Pierre Bader, MD, Paris 


A woman, who had lived in equatorial Af- 
rica, complained of pain in the right hy- 
pochondrium. Roentgenography revealed a 
calcified mass in the liver. The mass was re- 
moved surgically and was founc to contain 
eggs of Fasciola gigantica; a fluke that 
rarely infests humans. The roentgen- 
ographic appearance of the lesion (its large 
size. uneven density, and polycyclic configu- 
ration) was distinct from that produced by 
other causes of hepatic calcification. 


He: calcification is not com- 
mon, but it occurs in a wide va- 
riety of affections. Probably its most 
frequent cause is the hydatid cyst, 
although it has been observed in he- 
patic neoplasms, both primary and 
secondary, and in hepatic abscesses 
and other chronic infections of the 
liver. Hepatic calcification is often 
discovered by chance, and its shape 
and distributiam, as revealed in roent- 
genograms, may provide an immedi- 
ate elue to the causal disease. Human 
infestation with the giant liver fluke 
Fasciola gigantica is rare, although 
possibly less so than would appear 
from the literature, and the aim of 
this communication is to bring it to 
notice as a potential cause cf calcifi- 
cation in the liver. Fasciola gigantica, 
closely related to the better known 
and more widespread hepatica, occurs 
normally in domestic stock of certain 
tropical and subtropical countries and 
sojourns in such areas expose hosts to 
infestation with this parasite. 


Report of a Case 


A 28-year-old white woman, who had 
lived in equatorial Africa (in the former 
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Fig 1.—Right side of hypochondrium 
showing calcification in hepatic lesion due 
to Fasciola gigantica. Note large size, un- 
even density, and polycyclic configuration of 
opacity. 





French Cameroons and French Congo) 
since 1951, was admitted to the hospital in 
November 1971 with a complaint of pain in 
the right hypochondrium. She had first ex- 
perienced discomfort in the right upper 
part of the abdomen in 1963. Four years 
later she had an attack, lasting about 
a week, of jaundice, fever, and hepatic 
pain. A second febrile episode, this time 
accompanied by digestive upset, occurred 
in 1970, and on that occasion roentgen- 
ography of the abdomen revealed a calci- 
fied shadow in the right upper quadrant. 

The only noteworthy clinical finding on 
admission was mild pain provoked by pal- 
pation in the right hypochondrium. There 
was no palpable mass. Hepatic dullness on 
percussion measured 8 cm in the midcla- 
vicular line. 

The results of laboratory examinations 
were as follows: erythrocytes, 4,400,000/cu 
mm; leukocytes, 7,000/cu mm, with 51% 
neutrophil granulocytes, 2% basophil gran- 
ulocytes, 44% lymphocytes, and 3% mono- 
cytes; erythrocyte sedimentation rate 
(Westergren method), 20 mm/hr; total 
serum bilirubin, 0.9 mg/100 ml; serum al- 
kaline phosphatase, 20 international units 
(IU) (N=15 to 45 IU); serum glutamic 
pyruvic transaminase, 16 IU (N=5 to 15 





Fig 2.—Celiac arteriogram demonstrating 
avascularity of hepatic mass due to Fasciola 
gigantica. 


IU); total serum protein, 8 gm/100 ml; 
and sulfobromophthalein (Bromsulpha- 
lein) plasma disappearance rate, 0.125 
(N =0.145 + 0.035'). Serological reactions 
for amebiasis, hydatid disease, and syphi- 
lis were negative. 

Plain roentgenography of the abdomen 
revealed a rounded area of calcification, 
measuring 7 cm in its greatest diameter, in 
the right hypochondrium. The shadow was 
of low and uneven density, and its poly- 
cyclic configuration suggested a juxtaposi- 
tion of masses of unequal size (Fig 1). 
Tomography showed it to be situated in 
the anterolateral part of the right hepatic 
lobe, occupying the entire thickness. Cho- 
leeystography showed it lying above and to 
the right of the gallbladder. Celiac arteri- 
ography (Fig 2) and superior-mesenteric 
arteriography proved it to be avascular. A 
small filling defect in the anterolateral 
part of the right hepatic lobe was visible 
on the hepatic scintiscan, and at celioscopy, 
a slightly raised, whitish area was noted at 
the surface of the right lobe. Roentgen- 
ograms of the chest were normal. 

Laparotomy (Fig 3) exposed a yellowish- 
white multinodular tumor mass projecting 
from the surface of the right lobe immedi- 
ately above the gallbladder and encroach- 
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Fig 3.—Hepatic lesion caused by Fasciola 
gigantica; view at laparotomy. 


ing on the gallbladder fossa. The mass oc- 
cupied the whole thickness of the right 
lobe, but the remainder of the organ was 
normal. No communication between the tu- 
mor and the biliary passages was disclosed 
by operative cholangiography with injec- 
tion of contrast material into the gallblad- 
der. The tumor, which yielded no fluid on 
aspiration, was separated from the liver 
parenchyma by a plane of cleavage along 
which it was readily shelled out. 

The surgical sepecimen (Fig 4 and 5) 
was composed of numerous contiguous 
nodules containing a thick, homogeneous, 
caseous material in which, after sedimen- 
tation and concentration, operculated fiuke 
eggs were found. The large size of the 
eggs, the biggest of which were about 
165um long, and the thinness and regu- 
larity of their shells identified them as 
eggs of gigantica (Fig 6). 

The immunofluorescence, immunodif- 
fusion, and immunoelectrophoresis reac- 
tions for fascioliasis, performed after re- 
moval of the lesion, were negative. Fluke 
eggs were not found in the stools or in 
fluid removed by duodenal intubation. 

Recovery was uneventful and when the 
patient was seen six months later she was 
in normal health. 


Comment 


The principal causes of hepatic cal- 
cification hitherto reported are shown 
in the Table. The roentgenographic 
features of the calcified formations 
produced by most of these conditions 
are sufficiently specific to orient the 
investigator’s attention immediately 
toward the causal disease. In hydatid 
cysts*® and benign solitary cysts? the 
shadow is large, with a densely calci- 
fied peripheral ring marking the cyst 
wall. Multiple small, discrete, nodular 
foci of calcification suggest an alveo- 
lar cyst,’ histoplasmosis, tuberculo- 
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Fig 4.—Tumor mass, caused by Fasciola 
gigantica, after enucleation. 









Parasitic 
Amebiasis 
Abscess? 
Echinococcosis 


Fascioliasis 

F gigantica abscess*’” 
F hepatica abscess? 
Infective 


Pyogenic abscess’ 
Brucellosis" 















Histoplasmosis‘ 
Syphilis®:" 
Tuberculosis” * 
Neoplastic 
Primary 





Secondary 


Melanoma?’ 
Neuroblastoma‘ 





sis, or other granulomatous dis- 
eases.*:*!15 Among primary liver tu- 
mors, the hamartoma, with its cystic 
formation, likewise shows a curvilin- 
ear calcified margin,‘ whereas a typi- 
cal hemangioma is recognized by cal- 
cified streaks radiating from the 
center of the mass toward the periph- 
ery.’ Secondary growths from a co- 
lonic carcinoma®'®" or a neuroblas- 
tomat produce finely punctate 
calcification, diffuse or aggregated, 
varying in density, and giving a 
stippled or “poppy seed” appearance. 
Ovarian secondary growths exhibit a 
“cloud-like” calcification due to the 
psammoma bodies.*:!*'* The round 
calcified areas of intrahepatic biliary 
calculi are usually fewer, larger, 
denser, and clumped in one or more 


Causes of Hepatic Calcification 


Alveolar cyst (E multiocularis)* 
Hydatid cyst (E granulosus)‘: 


Chronic familial granulomatous disease" 


Benign (hamartoma,* hemangioma,*™ solitary cyst’) 
Malignant (hepatoma™"*) 


Carcinoma (breast,"* colon,®"®"” ovary*'*"*) 


Other 
Intrahepatic lithiasis’*"*"* 





Fig 5.—Cut surface of tumor mass due to 
Fasciola gigantica. 


groups. !2:1%18 

Hepatic calcification is mentioned 
in connection with only two of 30 pre- 
viously reported cases of human in- 
festation with gigantica. The descrip- 
tions of the calcification are brief, but 
tally well with what we saw in our pa- 
tient, namely, “1 cm sized calcified 
areas” and “a lobulated, opaque den- 
sity 4 cm in diameter in the right 
lobe.” The composite picture emerg- 
ing from the three cases (a volumi- 
nous mass of low and irregular den- 
sity with a polycyclic outline) differs 
from any of the characteristic ap- 
pearances outlined in the previous 
paragraph. 

The reason for calcification occur- 
ring in some cases of gigantica infes- 
tation may be related to interrupted 
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migration of the fluke larvae. It is 
believed that usually these traverse 
first the eapsule and then the paren- 
chyma of the liver to reaeh the larger 
bile ducts,’ but that sometimes, es- 
pecially in abnormal definitive hosts, 
they become arrested in the paren- 
chyma and give rise to a granuloma- 
tous lesion in which calcification may 
subsequently develop. This aberrant 
form of the disease has been repro- 
dueed in guinea pigs,’ which are not 
natural hosts of this parasite. 

Fasciola gigantica is the common 
liver fluke in Africa; it is frequently 
found in Burma, Formosa, and India; 
its presence has been reported in 
southeast Europe, Hawaii, the Philip- 
pines, and Russia” as well as in Indo- 
china.” In these regions it occurs in 
domestic stock, chiefiy cattle, goats, 
sheep, and swine, which are the natu- 
ral definitive hosts. Its life cycle 
resembles that of hepatica, except for 
the intermediate hosts (different 
snail species) and the time sequen- 
ces,'® but it infests humans less fre- 
quently. Of the 30 cases we have 

traced in the literature (in not all of 
which was gigantica actually found, 
although the presumptive evidence 
was strong), 21 are frem Hawaii*’ 
and the remaimder from Africa, Indo- 
china, or other areas.?°-”* 


The chief seurce of human infesta- 


tion with gigantica, as with hepatica, 
is believed to be uncooked watercress, 


£ 


L Fauvert RE, Weber J, Benhamou JP: 
Bromsulphalein fractional clearance, in 
Kugelmass IN (ed): Biochemical Clinics, 
The Liver. New York, Reuben H Donnel- 
ley, 1964, vol 3, p 39. 

2. Samuel E: onead of parasitic 
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Ther Nucl Med 63:512-522, 1950. 

3. Borel GA, et al: Le diagnostic de 
l’é¢hinocoecose alvéolaire. Gastroenter- 
ologia 108:80-84, 1967. 

4. Bragg DG, Evans JA: Roentgen as- 

of liver and biliary tract diseases, in 

hiff L (ed): Diseases of the Liver, ed 3. 
Philadelphia, JB Lippincott Co, 1969, pp 
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Hawaiian Islands. Hawaii Med J 12:196- 
201, 1953. 

7. Stemmermann GN: Human infesta- 
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&. Giraud P, et al: Un cas de distomatose 
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Fig 6.—Left, Ovum of Fasciola gigantica found in hepatic tumor. Right, Ovum of Fasciola 
hepatica. 


which our patient often consumed 
during her residence in Africa. The 
mildness of her symptoms in compari- 
son with those of most of the other 
patients described, who had fever, se- 
vere pain in the upper part of the 
abdomen, nausea, and vomiting, sug- 
gests that human infestation with gi- 
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535 North Dearborn Street, 
Chicago, Illinois 60610. 
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Report of a Case and Review of the Literature 


LCDR Stephen A. Schechner, MC, USN; LCDR Ira D. Miller, MC, USNR; CDR Frank E. Ehrlich, MC, USN; 
CAPT Robert W. Knapp, MC, USN; CAPT Joseph T. Mullen, MC, USN, Portsmouth, Va 


A young woman was found to have pneu- 
mobilia during evaluation for right-upper- 
quadrant abdominal pain. Preoperative stud- 
ies and surgical exploration failed to uncover 
any cause for the abnormal gas, and it was 
still present one year postoperatively. There 
is a discussion of the possible causes and a 
review of the literature. It is concluded that 
cholecystectomy is indicated in this rare sit- 


uation, even in the absence of cholelithiasis, 


to prevent the later development of ascend- 
ing cholangitis. 


he finding of gas in the biliary 
tree of a patient who has no his- 


-tory of surgery on that structure is an 


uncommon occurrence,” one that usu- 
ally stimulates a flurry of activity on 
the parts of the radiologist and sur- 
geon. Since pneumobilia usually indi- 
cates the presence of an abnormal 
connection between the biliary and 
gastrointestinal systems, diagnosis 
and surgical correction of the under- 
lying pathological condition is consid- 
ered to be an urgent matter by all 
concerned. In the present case, inten- 
sive preoperative study and intraop- 
erative exploration failed to uncover 
any cause for the gas in the hepatic 
and common bile ducts. In fact, as 
long as one year postoperatively, the 
patient still exhibited pneumobilia 
but remained totally asymptomatic. 


Report of a Case 


A 3l-year-old Korean woman was seen 
in the emergency room of the US Naval 
Hospital, Portsmouth, Va on April 27, 1972. 
She complained of intermittent, mild-to- 
moderate, right-upper-quadrant (RUQ) 


abdominal pain of one month’s duration. 
The pains had been crampy, radiated to 
the right shoulder, and were associated 
with occasional nausea and vomiting. She 
denied having fever, chills, jaundice, dark 
urine, light stools, fatty food intolerance, 
or passage of any stones per rectum, and 
she was taking no medications. Findings 
from the physical examination revealed 
only mild, RUQ abdominal tenderness 
without palpable mass or organomegaly, 
and bowel sounds were normoactive. Re- 
sults of rectal examination showed brown 
feces, guaiac-negative. The patient was 
afebrile, and the white blood cell count was 
7,500/cu mm. Flat plate and upright roent- 
genograms of the abdomen disclosed nor- 
mal bowel gas patterns without free air, 
distended loops, or air-fluid levels. Treat- 
ment consisted of intramuscularly admin- 
istered meperidine (Demerol) hydrochlo- 
ride and atropine with good subjective 
response, and the patient was allowed to 
return home on a regimen of orally given 
propantheline bromide (Pro-banthine). She 
was instructed to return to the female sur- 
gical clinic in a few days. 

Closer review of the x-ray films the next 
morning (Fig 1) disclosed the presence of a 
large quantity of gas filling the hepatic 
and common bile ducts, but not the gall- 
bladder. Attempts were made to contact 
the patient immediately on the presump- 
tion that she had an internal biliary fis- 
tula, but she could not be reached. 

On May 9, the patient returned with 
complaints of RUQ abdominal pain and 
nausea. Follow-up abdominal films demon- 
strated persistence of the pneumobilia, 
and the patient was admitted at once. 
Physical examination findings were essen- 
tially unchanged from those of April 27, 
and the patient was still afebrile. Labora- 
tory data from complete blood cell count, 
electrolyte and amylase determinations, 
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liver function studies, and chest roentgen- 
ogram were within normal limits. The pa- 


tient was treated with intravenously ad- 


ministered fluids, nasogastric suction, 
antibiotics, antispasmodics, and analge- 
sics, again with rapid improvement. 

An oral cholecystogram and barium sul- 
fate meal upper gastrointestinal (GI) 
series revealed a nonfunctioning gallblad- 
der, normal stomach and duodenum, but 
reflux of barium into the common bile duct. 
After oral administration of a bowel prep- 
aration using neomycin sulfate and phtha- 
lyl sulfathiazole (Sulfathalidine) for three 
days, surgery was undertaken on May 18. 
Careful examination of the RUQ at the op- 
erating table showed moderate contraction 
of the gallbladder with multiple adhesions 
between it and the duodenum and colon. 
All biliary ductal structures were dilated, 
the cystic and common bile ducts measur- 
ing at their widest points 9 and 16 mm ex- 
ternal diameter, respectively. No biliary- 
enteric fistula could be identified after all 
adhesions had been meticulously dissected, 
and routine cholecystectomy was per- 
formed, followed by a cystic duct chol- 
angiogram (Fig 2) that revealed dilated 
but otherwise normal intrahepatic and ex- 
trahepatic biliary architecture, but no fis- 
tula or stones. No evidence of traction on 
the duodenum, common bile duct, or Am- 
pulla of Vater was found, so a choledo- 
chotomy was done; a No. 5 Bakes dilator 
passed easily through the sphincter of 
Oddi and into the duodenum. A Kocher 
maneuver was done, and extraductal pal- 
pation of the entire common bile duct and 
Ampulla was within normal limits. The 
gallbladder was opened off the field and the 
wall was noted to be thickened, there were 
no stones present, and a culture of the bile 
grew no organisms. Final pathological re- 
port was “chronic cholecystitis.” 3 

The patient made an uneventful recov- 
ery and was discharged home on the fifth 
postoperative day. Follow-up roentgen- 
ograms taken at two weeks, six weeks, and 
one year after surgery (Fig 3) revealed 
continued presence of the pneumobilia, but 
the patient remained completely free of 
symptoms of biliary or hepatic disease. 
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Fig 1.—Upnght abdominal roentgeno- 
gram, May 9, 1972. Note branched gas 
shadow in. right upper quadrant. 


Review of the Literature 


Buckstein (1948) and others have 
long regarded the presence of intra- 
luminal biliary air to be pathognomon- 
ic of a biliary-enteric fistula even 
when no suci fistula could be demon- 
strated by a barium meal upper gas- 
trointestinal series. Shehadi* (1960), 
for example, states that “The pres- 
ence of air in the biliary tract is 
unequivocal evidence of an abnormal 
connection between the biliary and 
gastrointestinal tracts, and, with the 
rare exception of incompetence of the 
sphincter of Oddi, denotes an internal 
biliary fistula.” In Shehadi’s review of 
the world’s literature, he collected 202 
cases of spontaneous internal biliary 
fistulas showing the relative fre- 
quency, in descending order, to be as 
fallows: 


Cholecystoduodenal >100 
Choledochoduodenal 48 
Cholecystocolic 38 
Biliary- bronchial 13 
Cholecystogastrie 8 
Cholecystoduodenocolic 5 
Choledochogastric 3 
Cholecystojejunal 2 
Choledochoeolic 1 
Cholecystoilea] 1 
Hepatocolic 1 
Cholecystogastroduodenocolic 1 
Choledocho-right renal pelvic 1 


Exact site not determined 
or not stated >100 
>322 
(updated frem Shehadi’) 


However, there were only 28 cases of 
regurgitation through the sphincter 
without a fistula. Including those 
cases, the number of reported fistulas 
has surpassed 300,*° but only 25 addi- 
tional patients withoùt a fistula have 
been described in English-language 
journals, ineluding the present case. 
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Fig 2.—Operative cystic duct cholangio- 
gram, May 18, 1972. Note dilated common 
bile duct and hepatic ducts, free flow of con- 
trast into duodenum, and absence of fistula 
or filling defects. 





Source 


Sedlack et al, 1961 


Frates,’ 1965 


In all of the 52 instances that have 
appeared previously, to the authors’ 
knowledge, some sort of associated 
clinical abnormality or pathologi- 
cal condition was also discovered 
(Table). In addition to these 
causes, the presence of an adult As- 
caris worm protruding through the 
sphincter has also been observed to 
cause pneumobilia. In our case, on the 
other hand, the only pathological 
finding was chronic acaleulous cho- 
lecystitis. 

Hunt and Herbst (1915) were the 
first to report a barium-proven, bili- 
ary-enteric fistula, and Busi (1919) 
first found air and barium in the bili- 
ary tree. Stephenson (1921) demon- 
strated the regurgitation of barium 
through the sphincter of Oddi without 
fistula, and a collected series by Faust 
and Mudgett (1934) totalled 17 such 
cases. Poppel (1951) discussed the 


Regurgitation of Air Through Incompetent Sphincter of Oddi 


Shehadi,? 1960 Cause not specified 28 
Barton and Cockshott,’ 1961 Postbulbar duodenal ulceration with scarring 8 


Associated with cholelithiasis 
or choledocholithiasis 9 


Gallstone ileus 1 


Cholelithiasis with sigmoid colon carcinoma 


- - - i 
No stones, but patient jaundiced 1 


Annular pancreas with 
duodenal obstruction in newborns 


McSherry et al,” 1969 Ruptured sphincter with gallstone ileus 1 
Broadman," 1972 Dilated sphincter from 

impacted large common duct stone 1 
Schechner et al, 1973 “Innocent” pneumobilia without 

any associated pathological condition 1 


Total 53 





Fig 3.—Upright abdominal film, May 12, 
1973—one year postoperatively. Note per- 
sistence of branched gas shadow in right 


upper quadrant. 


No. of 
Cases 





Findings 














causes of pneumobilia in the absence 
of a fistula and they are as follows: (1) 
adhesions from duodenal or gastric 
ulcer with traction on the sphincter of 
Oddi; (2) local tumor (stomach, pan- 
creas, duodenum, bile ducts) with in- 
duration of the sphincter; (8) marked 
antiperistalsis of the duodenum; (4) 
persistent patency of the sphincter 
following the passage of common 
duct stones; (5) disturbance of inner- 
vation to the sphincter; (6) hypoplasia 
of the sphincteric musculature (as in 
entry of the common bile duct into a 
diverticulum of the second portion of 
the duodenum); (7) biliary tract infec- 
tions; (8) drug effects (such as caused 
by magnesium sulfate, atropine, ni- 
troglycerin, or dopamine); (9) ascend- 
ing infection with gas-forming orga- 
nisms (such as Escherichia coli and 
Clostridium welchii); and (10) pat- 
ulous sphincter of Oddi without any 
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other pathological condition. Scott et 
al (1954) added “intestinal obstruc- 
tion due to gallstone ileus” to the list. 


Comment 


Measurements of biliary tract pres- 
sures indicate that the direction of 
bile flow will be from the common bile 
duct into the duodenum. Resting gall- 
bladder pressure is about 10 cm of 
water, and during a forceful contrac- 
tion it can rise to greater than 30 cm. 
The propulsive forces emptying the 
stomach through the pylorus have 
been recorded at between 50 and 70 
em, and intraluminal duodenal pres- 
sures range from 5 to 35 cm, depend- 
ing on peristaltic waves. Thus, the 
sphincter of Oddi appears to exert up 
to 60 em of water pressure to prevent 
retrograde flow up the common bile 
duct.''!**° Despite normal duodenal 
peristalsis, as verified by fluoroscopic 
examination, our patient demon- 
strated reflux of air and barium 
through her incompetent sphincter. 

Sedlack et al* (1961) have stated, 
Although the common belief that the find- 
ing of gas in the biliary tract on roentgen- 
ologic examination is always indicative of 
an internal biliary fistula is not valid, the 
presence of demonstrable gas in a patient 
who has not undergone a previous oper- 
ation is still an indication for exploration, 
for in all of our patients who subsequently 
‘underwent exploration, some disease of 
the biliary tract was encountered. 

Although our patient was not found 
to have other biliary or associated 
pathological condition to explain her 
pneumobilia, there is still much one 
can draw from her case to support the 
above assertion. Patients who have a 
choledochoenterostomy created surgi- 
cally without a cholecystectomy are 
prime candidates to develop ascend- 
ing cholangitis later, presumably 
from infection in the relatively static 
pool of gallbladder bile. If, on the 
other hand, the gallbladder is re- 
moved at the time of biliary-enteric 
anastomosis and a free flow of bile 
and intestinal contents is maintained 
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through the stoma in both directions, 
cholangitis is a very rare complica- 
tion.??!?? 

For these reasons, our patient’s 
cholecystectomy was an indicated 
procedure and would have been indi- 
cated even if the pneumobilia had 
been found serendipitously during 
evaluation for an entirely unrelated 
problem. She now has a functional 
choledochoduodenostomy and, bar- 
ring a stomal stricture, should have 
no further difficulties with her biliary 
tract even if the gas persists for 
many years. 


Conclusions 


1. Pneumobilia is an uncommon 
roentgenologic finding in a patient 
who has not had previous RUQ ab- 
dominal surgery. 

2. The presence of gas in the bili- 
ary system usually indicates an ab- 
normal connection between the bili- 
ary and gastrointestinal tracts. 

3. In almost all cases, surgical in- 


- tervention will be required to correct 


the underlying pathological condition. 

4. If cholelithiasis or choledocholi- 
thiasis is not found at the operating 
table, care must be taken to inspect 
thoroughly the biliary tree, pancreas, 
and gastrointestinal tract for other 
pathological conditions. 

5. In rare instances, no other path- 
ological condition will be present to 
account for the pneumobilia, and the 
patient may continue to exhibit gas 
in the biliary tree for extended peri- 
ods of time postoperatively without 
signs or symptoms of biliary disease. 

6. If incompetence of the sphincter 
of Oddi is the only cause found to ex- 
plain the pneumobilia, cholecystec- 
tomy is still indicated to prevent the 
subsequent development of ascending 
cholangitis. 
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Special Article 


Autotransfusion in Three Variations 


Nathan P. Couch, MD; Hillel Laks, MD; Robert N. Pilon, MD, Boston 


The three clinically applicable forms of 

autotransfusion are preoperative blood col- 
lection and storage, hemodilution and auto- 
transfusion, and intraoperative blood sal- 
vage. 
Preoperative blood collection and storage 
can be used in patients with a normal hema- 
tocrit reading, who are free of substantial 
coronary er cerebrovascular occlusive dis- 
ease. Hemodilution and autotransfusion is 
useful in patients undergoing elective sur- 
gery where blood loss greater than 500 ml is 
predicted. Intraoperative blood salvage is 
recommended in operations where blood 
loss exceeds 500 mi; it is especially useful in 
intra-abdominal vascular operations and in 
the surgery of trauma. 


espite abundant publicity about 

the logistic, immunologic, and 
even hepatic problems in using ho- 
mologous blood, autologous blood 
transfusion has yet to gain its right- 
ful place in late 20th century surgery. 
Even the late 19th century produced a 
few reports about the method, but 
fundamental problems (hemolysis, 
clotting, and poor understanding of 
blood volume physiology) impeded 
progress until Theis, Davis, and 
Cushing successfully salvaged blood 
intraoperatively 50 to 60 years ago. 
Somewhat later, it was shown that 
blood could be removed prior to sur- 
gery for later reinfusion, or that it 
could be temporarily replaced with 
colloid or crystalloid solutions during 
surgery. These variations of auto- 
transfusion are preoperative blood 
collection and storage (PBCS), hemo- 
dilution and autotransfusion (HA), 
and intraoperative blood salvage 
(IBS). The time has come when all 
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three should be applied more widely, 
sometimes separately, sometimes in 
combination, for their safety and util- 
ity have already been established. 

Preoperative Blood Collection and 
Storage.—The use of frozen autolo- 
gous blood for transfusion at the time 
of elective surgery is a familiar no- 
tion, but the process is expensive and 
is unavailable for general use. For- 
tunately, the standard preservatives 
(acid-citrate dextrose or citrate-phos- 
phate-dextrose) can be used for 
PBCS, even within their three-week 
or four-week storage intervals. Evi- 
dence has been uncovered over the 
past 11 years to confirm that up to 
eight, 500-ml units of blood can be re- 
moved within 20 days without ill ef- 
fects if daily iron supplements are 
given orally. This finding depended 
on earlier studies demonstrating that 
(1) erythrocyte generation after 
phlebotomy depends largely on the 
amount of available iron, (2) that red 
blood cell production rates can be tri- 
pled by supplementary iron, and (3) 
that orally administered iron is as ef- 
fective as parenterally administered 
iron in maintaining erythrocyte pro- 
duction.*’ It is also known that 
plasma volume is similarly well de- 
fended: transcapillary refilling after 
phlebotomy is associated with rapid 
ingress of preformed albumin, a 
strong renin-angiotensin response, 
and return to normal blood volume 
within 24 hours.° 

The PBCS method can be used in 
all patients with a normal hematocrit 
reading for whom transfusion will be 
needed in their elective surgery, and 
who are thought to be free of signifi- 
cant coronary or cerebrovascular oc- 
clusive disease. 

Hemodilution and Autotransfusion.— 
Clinicians have generally believed 
that a low hematocrit reading in- 


creases anesthetic risk, but there has 
been no consensus on what consti- 
tutes a critical hematocrit reading. 
This view had to be modified when 
cardiac surgeons showed in the early 
1960s that hemodilution with almost 
any crystalloid solution is well toler- 
ated at hematocrit levels slightly be- 
low 30. Acute, intraoperative hemodi- 
lution is performed either by infusion 
of the hemodiluent in one vein during 
simultaneous bloodletting from an- 
other or by infusion of the hemo- 
diluent, instead of blood, during oper- 
ative blood loss. Either crystalloid or 
colloid solutions can be used, but if 
the former is chosen (eg, lactated Rin- 
ger solution), three or four times the 
volume of shed blood will be required 
to maintain intravascular volume be- 
cause the noncolloidal diluent equili- 
brates rapidly with the interstitial 
fluid. Colloidal solutions most com- 
monly used are 5% human serum al- 
bumin suspension or 6% dextran 
(70,000 molecular weight). Particular 
caution must of course be exercised 
for either type of diluent in patients 
susceptible to congestive heart fail- 
ure. 

Considerable reduction in the loss 
of red blood cells can be achieved by 
hemodilution, for the equivalent vol- 
ume of whole blood at the original 
hematocrit level that is saved is 
directly proportional to the difference 
between the original and the post- 
dilution hematocrit levels. Another 
theoretical benefit of hemodilution is 
the increased microcirculatory flow 
resulting from lower viscosity, an ef- 
fect that remains to be quantified in 
humans. The degree of viscosity is of 
course raised again when the blood is 
returned to the patient. 

What is the minimum safe hemato- 
crit reading? In dogs, the compensa- 
tory mechanisms in hemodilution, 
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such as increased cardiac output and 
decreased venous oxygen saturation, 
are exhausted when hemoglobin con- 
centrations fall below 50% of control 
levels.” In patients undergoing total 
hip joint replacement, the hematocrit 
level can be reduced safely to 21%." 
In patients undergoing open-heart 
surgery, it has been feasible to dilute 
to a hematocrit reading of about 
10%.'' The safety of the method for 
patients with severe coronary or cere- 
bral arterial disease remains to be de- 
termined, and even in patients with 
normal cerebral function detailed 
studies of the central nervous system, 
during the hemodilution period or im- 
‘mediately after, have not yet been re- 
ported. 

Hemodilution and autotransfusion 
is a useful method in patients under- 
going major surgery where a blood 
loss greater than 500 ml is predicted, 
and where coronary arterial or cere- 
brovascular disease is absent or insig- 
nificant. 

Intraoperative Blood Salvage.—For 
the cardiac surgeon, the IBS method 
arrived in the late 1950s with cardio- 
pulmonary bypass and the “coronary 
sucker.” Cardiac surgical fields are 
ideal for IBS because they are usually 
aseptic, free of neoplastic cells, and 
lined by easily accessible, smooth- 
walled cavities. For noncardiac sur- 
gery, new interest in IBS arose in 
1966 with Dyer’s"’ use of a suction re- 
trieval device in dogs. Klebanoff and 
Watkins improved on this appa- 
ratus that they eventually employed 
in humans. It became the first com- 
mercially available autotransfusor. 
The essential elements are a variable 
speed roller pump, a closed spheroidal 
reservoir, filters, and tubing. The de- 
vice is easily used in patients under 
general heparinization for open-heart 
or peripheral arterial reconstructive 
surgery. But this form of anti- 
coagulation cannot be used by sur- 
geons who incise tissues with vessels 
too small or too numerous for ligature 
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(eg, bone, brain, and liver) where nor- 
mal clotting is essential for hemos- 
tasis. In this setting, citrate anti- 
coagulants can simply be instilled 
into the collection reservoir in appro- 
priately limited amounts. 

Hemolysis due to the trauma of 
pumping has been a source of concern 
because of early studies that seemed 
to relate renal toxicity to high plasma 
hemoglobin levels, but more recent 
work indicates that such injury is due 
to red blood cell envelopes: stroma- 
free hemoglobin is not nephrotoxic.’ 
Even if plasma hemoglobin is consid- 
ered an indicator of red blood cell de- 
struction, rather than a noxious agent 
itself, it does not seem to be associ- 
ated with renal damage in humans. 
Brener et al’ showed that no renal 
injury occurred in autotransfused pa- 
tients with plasma hemoglobin levels 
of 50 to 600 mg/100 ml. It is also of 
great importance that modern surgi- 
cal practice includes generous hydra- 
tion, osmotic diuresis, and avoidance 
of hypotension and acidosis, factors 
that are known to protect against ne- 
phrotoxic agents. 

The IBS technique is recommended 
in all operations where hemorrhage 
exceeds 500 ml and where blood pools 
in dependent cavities; it is especially 
useful in intra-abdominal vascular 
reconstructions and in the surgery of 
trauma. It is contraindicated in sur- 
gery for malignant neoplasms and in 
septic fields. 

No single one of the three forms of 
autotransfusion is universally appli- 
cable, and in many cases none is ap- 
plicable. The degree to which autolo- 
gous blood replaces homologous blood 
will depend on the proportion of suit- 
able patients in the surgical popu- 
lation of each hospital. It will also de- 
pend heavily on cooperation among 
surgeons, anesthetists, and blood 
banks. The more we use autotrans- 
fusion, the more we will see its bene- 
fits. Blood shortages will be lightened, 
hepatitis and other transfusion-borne 


diseases will be widely prevented, im- 
munologic problems will be avoided, 
and even processing costs will be re- 
duced. Few innovations in modern 
surgery have offered so much for so 
many. 
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Letters to the Editor 


Unusual Expectoration Due 
to a Foreign Body 


To the Editor.—We have seen sev- 
eral patients with an unusual type of 
expectoration. Seven patients related 
a history of a cough varying in dura- 
tion between a few weeks and ten 
years. Six of these patients had he- 
moptysis that varied in amount from 
spotting to hemorrhage of life- 
threatening proportions. The offend- 
ing item in two patients was a bullet 
fragment and shrapnel, respectively. 
In three patients the expectorated 
item had been left behind at the time 
of previous thoracic surgery. These 
were “weck clips,” a sponge, and 
a wax pack. The two remaining pa- 
tients expectorated a broncholith and 
a tumor cast. In each of these pa- 
tients symptom relief or improve- 
ment was obtained with expectora- 
tion of the unusual offending item— 
sponge, bullet fragment, shrapnel, 
“weck clips” (six), broncho.ith, tumor 
cast, and wax pack. 

Ray A. DIETER, MD 
Glen Ellyn, Ill 


Endascopy in Massive 
Gastrointestinal Tract Bleeding 


To the Edizor.—As one of those who 
for years has beat the distant drum of 
emergency endoscopy in massive gas- 
trointestinal tract bleeding, it was 
with surprise and pleasure that I read 
“Massive Gastrointestinal Bleeding: 
A Panel by Correspondence” by Dun- 
phy et al (Arch Surg 107:367-372, 
1973). From Silen’s, “endoscopy is 
now becoming the most useful single 
diagnostic step”; through Moody’s, 
“fiberendoscopy of the esophagus, 
stomach, and duodenum is the most 
single [sic] valuable step”; and Mik- 
kelsen’s, “Omce again, endoscopy be- 
comes the key to diagnosis”; to Dun- 
phy’s concluding, “we have been 
brought up to date... particularly on 
the new and important roles of fi- 
beroptic endoscopy in upper gastroin- 
testinal tract bleeding”; the panelists 
appear to believe they are calling at- 
tention to an important innovation. 
Important, yes; but new? 

Following long after Eddy Pal- 
mer’s pioneering work,' in 1966 we re- 
ported a series of 323 cases seen at 
the Massachusetts General Hospital 
in which endoscopy contributed to a 
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96% correct preoperative diagnostic 
accuracy in the 183 patients that 
came to surgery.’ Twelve years after 
starting in this field, we are gratified 
to learn that endoscopy has arrived 
but, in fairness, please let’s not call it 
“new.” What is new now is the broad 
diagnostic-therapeutic role of angiog- 
raphy coordinated with endoscopy, 
the successes of which’ are apparently 
still perceived by the panelists as 
“anecdotal.” 

Probably we should be satisfied 
that this distinguished panel of sur- 
geons has challenged their surgeon 
readers with the importance of get- 
ting into endoscopy—in their think- 
ing, in their practice, and in their 
surgical residency programs. General 
surgeons have practically abdicated 
this field to their internist colleagues 
in a way that must baffle and amuse 
urologists, proctologists, otolaryngol- 
ogists, ophthalmologists, and pulmo- 
nary surgeons. Perhaps it is not too 
late for us to catch up in the acquisi- 
tion and application of these impor- 
tant skills. 

STEPHEN E. HEDBERG, MD 
Boston 
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Congenital Pyloric Atresia 
in Siblings 


To the Editor.—I am writing to 
comment on an interesting article in 
the. ARCHIVES, “Congenital Pyloric 
Atresia in Siblings” by Tan and 
Murugasu (106:100-102, 1973). Accord- 
ing to the authors, their cases consti- 
tute the first recorded incidence of 
pyloric atresia in siblings. I have pub- 
lished a report of one case of pyloric 
atresia occurring for the second time 
in the same family,’ and on reviewing 
the literature I found two more pa- 
pers dealing with the familial occur- 
rence of this abnormality.’ There- 
fore, congenital pyloric atresia with 
familial occurrence has been reported 
four times'* since 1968, when the 
first publication on this subject ap- 
peared.” 


Also, there is confusion as to the to- 
tal number of reported cases of con- 
genital pyloric atresia, regardless of 
familial occurrence. In the same ar- 
ticle it is stated that 17 cases have 
been described, whereas in another 
article,’ appearing two months later, 
it is stated that 29 cases have been 
described. It seems that congenital 
pyloric atresia reported to the present 
totals at least 53 cases.'*° 

D. C. KERAMIDAS, MD 
Los Angeles 


References 


1, Keramidas DC, Voyatzis N: Pyloric 
atresia: Report of a second occurrence in 
the anne family. J Pediatr Surg 7:445-446, 

197 


2. Thompson NW, et al: Con tei 
loric atresia. Arch Surg 97:792-796, 1 

3. Bronsther B, Nadeau M, Abrams M: 
Congenital pyloric atresia: A report of 
three cases and a review of the literature. 
Surgery 69:130-136, 1971. 

4. Tan KL, Murugasu JJ: Congenital 
pyloric atresia in siblings. Arch Surg 
106:100-102, 1973. 

5. Saw EC, Arbegast NR, Comer TP: 
Pyloric atresia: A case report. Pediatrics 
51:574-577, 1973. 


Consultants 


We wish to acknowledge with ap- 
preciation the valued services of our 
consultants in the year October 1972 
through October 1973—Ebs. 


HERBERT L. ABRAMS 
THEODORE COLTEN 
MARVIN L. CORMAN 
NATHAN P. COUCH 
CHILTON CRANE 
ROBERT E. DESAUTELS 
JAN F. DMOCHOWSKI 
DONALD P. DRESSLER 
HOWARD A. FRANK 
ROBERT A. HANDIN 

J. HARTWELL HARRISON 
HAROLD LAUFMAN 
JEROME H. MODELL 
ALFRED P. MORGAN 
JOSEPH E. MURRAY 
THOMAS F. O’BRIEN 
CHESTER B. ROSOFF 
ROBERT L. SCHMITZ 
HERBERT A. SELENKOW 
WILLIAM SILEN 
GARDNER W. SMITH 
WILLIAM A. SODEMAN, JR. 
JOHN W. STRIEDER 

W. KEASLEY WELCH 
RICHARD E. WILSON 
EDWARD R. WOODWARD 


Letters/Consultants 123 


y 
ee 










Nod, 
In preparation is a unique and fasci- 
nating 3-day scientific program, pre- 
sented by leading Australian profes- 
sors and clinicians, focusing on many 
of their latest research and clinical 
experiences in medicine, including 
skin cancer and melanoma, the pre- 
vention and management of occlusive 
vascular disease, and advances in 
immunology and genetics. In addition, 
there will be presentations on the 
following: 


èe Australia’s Royal Flying Doctor 
Service for medical communica- 
tions and health care delivery to 
the Outback and remote areas. * 


e Australian blood transfusion ser- 
vices 


èe Multiphasic health screening ser- 
vices 


e Aboriginal medical services 


Please return to: 

Australia Scientific Conference 
American Medical Association 
535 North Dearborn St. 
Chicago, Illinois 60610 
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èe New Guinea and tribal medicine 


*There is an exciting opportunity for 
a limited number of physicians to 
actually work and fly with the Royal 
Flying Doctors for 2 to 5 days. Sign 
up now on the attached registration 
form. 


The 11-day tour portion of the Con- 
ference is just as exciting. Along with 
comprehensive tours of Australia’s 
major . cities -- Melbourne, Can- 
berra, and Sydney -- you'll visit the 
bushland; the Kuringai Sanctuary for 
wildlife (have you ever seen a bird 
that can’t fly...or one that builds 
grass shacks and plants lawns?). 
Also, on the agenda, a visit to a sheep 
ranch for a shearing exhibition; a 
special “surf carnival” featuring 
competition by renowned volunteer 
Sea-Rescue teams; a luxury cruise 
along the Hawksbury River, and 


ADVANCE REGISTRATION 


Please register me for the AMA’s 2nd International Health Conference. 


Enclosed is my registration fee: 
O $75 AMA members 


name 
address 


city/state/zip 


O | do not wish to register now, but | would like to receive the 34-page booklet. 


Check must accompany registration. Please make payable to the American Medical 
Association. Registration limited to AMA members and their families or guests. 


O Please send me full details on the Royal Flying Doctor Service. 


O $35 dependents and non-physician guests 


AMA’s 2nd INTERNATIONAL 
HEALTH CONFERENCE 
MARCH 22-APRIL 7, 1974 


(Earlier overlapping group: March 17 - April 2) 


Stralia 


Co-sponsored by American Medical Association and 
Australian Medical Association, with cooperation by New 
South Wales Branch of the Australian Medical Association, 
the Australian Post-Graduate Federation and Post-Graduate 
Committees of the University of New South Wales and the 
University of Sydney Medical Schools, and the Royal 
Australian College of General Practitioners. 


boomerang throwing lessons (by the 
end of the tour, you'll have it landing 
at your feet!) 

The Conference-tour package is 
available for as little as $1039. Price 
includes round-trip flight (West Coast 
U.S.-Australia), intercity travel in 
Australia, guided sightseeing tours, 
hotel accommodations in Australia, 
airport-hotel transfers, baggage hand- 
ling and most meals and gratuities (all 
breakfasts, luncheons when on tours, 
and evening meals at receptions and 
banquets). 

Also available at additional 
optional post-convention 
Tasmania, Fiji-Honolulu, Australian 
Outback-Great Barrier Reef; New 
Zealand-Tahiti, and Bali-Hong Kong. 

Find out all the details. Just com- 
plete the coupon below and we'll send 
you a 34 page booklet about this ex- 
citing Conference-Tour. 


cost: 
tours to 


AOS174 
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Books 


Robert M. Goldwyn, MD 
Book Review Editor 
1101 Beacon St 
Brookline, Mass 02146 


The Body Fluids in Pediatrics. Edited by 
Robert W Winters, MD. Price, $22.50. Pp 715. 
Little Brawn & Co, 34 Beacon St, Boston 02106, 
1973. 


The pediatrician encounters a wide 
variety of fluid and electrolyte prob- 
lems in his eareer. He has the option 
of managing such problems as a tech- 
nician, referring to a standard “cook- 
book” te guide him; or he may choose 
a more professional approach and at- 
tempt to learn the background and 
dynamies of each given problem. The 
latter appreach is obviously prefer- 
able, since it affords the pediatrician 
the luxury of flexibility—allowing him 
to extricate himself from certain in- 
evitable complications arising during 
management and to anticipate other 
complications before they can do 
harm. Such ability separates the plod- 
der from the virtuoso and offers both 
personal satisfaction and excellence 
in patient care. This volume will help 
to move the physician into the second 
category. 

Dr. Winters has put together a very 
comprehensive collection of topics 
dealing with pediatric acid-base, hy- 
dration, and oxygenation problems. 
The 24 authers, including himself, all 
are highly qualified in their fields and 
present their topics well. Chapters 
are presented that deal with common 
diarrheal disorders, neonatal acid- 
base and oxygenation disorders, pe- 
diatric surgical fluid problems, burn 
management, hyperalimentation, re- 
nal failure, and many other impor- 
tant subjects. 

No effort is made to dictate therapy 
for the problems discussed. Rather, 
emphasis is placed on the background 
of each problem with its physiology 
and bioehemistry being stressed. In 
spite of the absence of specific plans 
of therapy, this book is extremely im- 
portant in that it delivers vital infor- 
mation that cannot help but guide 
and influence the clinician. As a mat- 
ter of fact, the absence of therapeutic 
formulae is one of the bcok’s great 
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strengths. Any pediatrician, either in 
practice or in training, would profit 
from this volume. 
JAMES E. Happow, MD 
Pembroke, Mass 


Radiologic Examination of the Urinary 
Tract. By Howard M Pollack, MD. Price, $8.50. 
Pp 164, with 145 illustrations. Harper & Row 
Publishers Inc, 2350 Virginia Ave, Hagerstown, 
MD 21740, 1972. 


This excellent, well-illustrated 
small book gives an eccurate presen- 
tation of the variety of roentgen- 
ologic examinations that are applied 
to the genitourinary system. Primar- 
ily written for urologists, it will be of 
value to all whose clirical practice in- 
volves the diagnosis of renal or gen- 
itourinary diseases, including inter- 
nists, particularly nephrologists, and 
gynecologists. After a clear and pre- 
cise presentation of the normal anat- 
omy, the relevant physiologic fac- 
tors are covered from two viewpoints: 
(1) deseription of the physiologic fac- 
tors involved in contrast opacification 
and (2) physiologic interpretation of 
anatomic findings. A major strength 
of the book is its emphasis on normal 
variation, artifacts, and procedural 
errors. Great stress is placed on the 
conduct of a reliable examination, a 
subject that is frequently neglected 
or glossed over. The author, trained 
both in urology and later in radiology, 
emphasizes the possibilities and limi- 
tations of uroradiologic diagnosis and 
from this vantage point evaluates the 
indications and contraindications for 
various studies. 

The range of examinations covered 
is essentially complete, including ul- 
trasonography and renal cyst aspira- 
tion but not including scintigraphy or 
other isotope studies. The radiologic 
aspects of specific diseases are beyond 


the scope of this boox. From it, the. 


reader may acquire a clear apprecia- 
tion of the available types of urora- 
diologic examinations, the reasons for 
performing them, and the technical 


and interpretative factors that lead 
to reliability and excellence. For clini- 
cians interested in genitourinary dis- 
ease, it should be highly recom- 
mended. 
Harry Z. MELLINS, MD 
Boston 


The Scope of Plastic Surgery. By Isaac 
Kaplan, MD. Price, $12. Pp 200, with 250 illus. Je- 
rusalem Academic Press, PO Box 2390, Jerusa- 
lem, Israel, 1972. 


Emanating from the Department. 


of Plastic and Maxillofacial Surgery 
of the Beilinson Hospital and Tel 
Aviv Medical School, this book, ac- 
cording to its author, is not intended 
as a 

textbook in our specialty, but really to pro- 
vide the medical profession and paramedi- 
cal professions with some insight into the 
scope of our activities. If in so doing it will 
bring to the notice of our colleagues the 
fact that cosmetic surgery is only a small 
and relatively insignificant part of our 
work, it will have achieved its purpose.. 


As such, it succeeds. Anyone inter- 
ested in plastic surgery will cull 
worthwhile information from this 
personalized account of a specific ser- 
vice run by a surgeon of sound sense 
and varied experience. Of particular 
interest are the sections on cutaneous 
leishmaniasis of the face, penile re- 
construction, scrotal flap for ischial 
decubiti, and the use of nasomalar is- 
land flaps for rebuilding the colu- 
mella. — : 

Unfortunately, the author occasion- 
ally forgets for whom he has intended 
his book. In some instances, he gives 
detailed descriptions of a technique 
(eg, gracilis muscle transplant for 
rectal incontinence); in others, no in- 
formation at all (syndactyly). To the 
reader, this informatio interrupta is 
indeed frustrating. One would hope 
that Dr. Kaplan will someday provide 
us with another volume, whose scope 
will be more micro than macro. 

ROBERT M. GOLDWYN, MD 
Brookline, Mass 
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Thoracic Surgical Management, ed 4. By 
JR Belcher, MS, MF Sturridge, MS. Price, 
$10.25. Pp 192. Williams & Wilkins Co, 428 E 
Preston St, Baltimore 21202, 1972. 


The medical student or junior house 
officer is often thrust into the midst 
of a busy thoracic surgical service 
with little or no previous thoracic ex- 
perience. This sturdy soft-cover man- 
ual is ideally suited to the needs of 
physicians and nurses new to the 
field. The authors admirably fulfill 
their stated purpose of providing “a 
practical guide for those engaged in 
the day-to-day management of tho- 
racic surgical patients.” Such a pithy, 
didactic manual, devoted entirely to 
the practice of thoracic surgery, fills a 
real void. 

The 18 chapters of the manual can 
be roughly divided into the following 
categories: general principles (radiol- 
ogy, respiratory insufficiency, diag- 
nostic procedures); the pleura and 
empyema; pulmonary resection; me- 
‘diastinal tumors; esophagus and dia- 
phragm; heart and great vessels; tu- 
berculosis; and cardiac arrest. It is 
devoted almost entirely to the preop- 
erative and postoperative manage- 
ment of thoracic surgical patients. 
The techniques of thoracic surgical 
operations are omitted entirely, al- 
though description of diagnostic pro- 
cedures such as bronchoscopy, scalene 
node dissection, thoracentesis, and 
pleural biopsy are well illustrated and 
presented in considerable detail. The 
presentations are somewhat dogmat- 
ic, but the authors make no claim to 
be encyclopedic. Illustrations are lim- 
ited to diagramatic representation of 
anatomy, diagnostic radiography, 
and instrumentation. They are well 
done and purposely simple, subtle de- 
tail having been omitted. The authors 
have wisely limited their discussion of 
cardiac surgery to basic principles of 
examination, diagnosis, and preoper- 
ative and postoperative management, 
without attempting to cover specific 
disease entities at length. While one 
may quibble with details, the differ- 
ences are largely of personal prefer- 
ence rather than of physiologic im- 
portance. 

Having written a concise and well 
organized manual, the authors have 
failed to complement it with a bibli- 
ography. The missed opportunity is 
particularly noticeable because of 
their necessarily brief discussion of 
major subjects. Such a bibliography 
would be of particular interest to the 
neophyte. The American reader will 
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find the use of English proprietary 
drug names distracting. Despite 
these defects, medical students, house 
officers, and nurses should find this 
tidy manual to be of great help in the 
day-to-day care of thoracic surgical 
patients. 

RONALD M. WEINTRAUB, MD 

Boston 


Exenterative Surgery of the Pelvis. By 
John S Spratt Jr, MD; Harvey R Butcher Jr, MD; 
Eugene M Bricker, MD. Price, $8.75. Pp 177. WB 
Saunders Co, W Washington Sq, Philadelphia 
19105, 1973. 


This is a practical and clinically 
useful book which is a compilation of 
the experience of three of the fore- 
most experts in exenterative surgery 
for pelvic malignancy. The work is di- 


vided into ten chapters which, within 


the limitations of a monograph-sized 
volume, cover concisely all aspects of 
pelvic exenterations, beginning with 
the history of the operation and end- 
ing with postoperative care. The ex- 
tensive experience of the authors is 
distilled into much practical informa- 
tion. The chapter on surgical tech- 
nique is lucidly written and well illus- 
trated, emphasizing the complexity 
and the magnitude of the procedure. 
Exenteration is a formidable under- 
taking performed capably only by 
those surgeons specifically trained in 
the management of pelvic cancer. 

The chapter on surgical anatomy 
contains illustrations that are overly 
detailed and complex, more suited to 
an anatomical treatise than the clear 
descriptions of a surgical atlas. The 
small print and close spacing wearies 
the reader. 

The low operative mortality of 10% 
and the five-year survival of 30% to 
35% in a large series of patients is a 
credit to the authors’ clinical judg- 
ment and surgical expertise. An ef- 
fort is made to compare the survival 
rate of women treated for persistent 
carcinoma with exenteration with the 
survival rate of patients treated by 
other means. Although the authors 
admit this is not a matched group, it 
is clearly evident that the survival is 
increased by the exenterative proce- 
dure. 

A discussion of the hazards of dis- 
section would have been a useful ad- 
junct to this monograph, as well as a 
more comprehensive look at the im- 
mediate and long-term complications 
of exenteration. 

The goal of this surgical endeavor 
is, of course, to return the patient to 


as full functioning as possible. The 
psychiatric management of the pa- 
tient and family is of paramount im- 
portance and deserves full discussion. 
In these days of rising hospital costs, 
estimates of the financial aspects of 
the exenteration procedure also mer- 
it notice. 

Everyone involved in the surgical 
management of pelvic malignancy— 
physicians, nurses, psychosocial work- 
ers—should be aware that this book is 
in print. It is a tribute both to the sur- 
gical skill and judgment of the au- 
thors and to the courage of their pa- 
tients. Certainly a book the radical 
surgeon needs at his or her elbow. 

ROBERT C. KNAPP, MD 
Boston 


Surgical Pediatrics. By Stephen L Gans, 
MD. Price, $19.50. Pp 337. Grune & Stratton Ine, 
111 Fifth Ave, New York 10003, 1972. 


The concept upon which this book is 
based exemplifies the maturation of 
the specialty of pediatric surgery and 
the pediatric surgeon. Today, the sur- 
geon participating in the care of an 
infant or child with a surgical illness 
must be able to supply complete care 
and have full knowledge of all the 
ramifications of the illness. He no 
longer can qualify as a super- 
technician able to operate on neo- 
nates. This book recognizes that the 
metabolic response to surgery and 
surgical illness in infants requires 
specialized expertise that is not nec- 
essarily the ken of the pediatrician or 
general surgeon. 

Until quite recently, the surgeon 
who operated upon a child did just 
that—operated. He was not involved 
in the preoperative or postoperative 
management. His primary concern 
was the technical aspects of the oper- 
ation, while the pediatric staff carried 
out the preoperative and postopera- 
tive care and frequently even made 
the preoperative diagnosis. In fact, in 
many academic hospitals the pediat- 
ric surgical patient was admitted to 
the medical pediatric service and the 
surgeon was not even allowed to sign 
orders. Over 25 years ago the concept 
of complete supportive care for both 
the child and family was established 
under the aegis of Robert E. Gross, 
MD, surgeon-in-chief at the Boston 
Children’s Hospital. All patients were 
admitted to an autonomous pediatric 
surgical service. The pediatric sur- 
geon had to know not only a consid- 
erable amount of pediatrics, but also 


Books 


had to develop a body of knowledge 
relating to such topics as fluids and 
electrolytes, antibiotics, infectious 
diseases, genetics, nutrition, growth 
and development, immunology, and 
the psychologic aspects of surgical ill- 


ness in children. This book for the — 


first time attempts to bring together 
this body of knowledge which it is 
neeessary for the competent pediatric 
surgeon to know. By and large it has 
been quite successful in accom- 
plishing its purpose. As stated in the 
preface, if the reader is concerned 
primarily with the technical aspects 
of specific operations, he will find 
little of interest in this book. If he 
is interested in complete supportive 
care of the pediatric surgical pa- 
tient, he will find the book valuable. 

There are several excellent chap- 
ters ranging from interpersonal rela- 
tionships to genetic counseling to in- 
travenous nutrition. The necessity of 
understanding both the parents’ and 
patient’s anxiety is stressed, as is 
the importance of communication be- 
tween the surgeon and the family. 
Hewever, the advice to tell the family 
that the surgeon will contact them if 
anything goes wrong and that, if 
they don’t hear anything, everything 
is all right may not be adequate for 
many families. Utilization of an om- 
budsman to communicate with the 
family during the immediate preoper- 
ative period and during the actual op- 
eration has proven of great value in 
our hospital. 

A serious omission from the chap- 
ter on infections in the surgical pa- 
tient is the absence of any mention 
about urinary tract infections, either 
primary or those acquired in the hos- 
pital, in patients with catheters or 
stents. Also granulomatous disease is 
not limited to males and is not neces- 
sarily fatal prior to puberty. The 
seetion on hyperalimentation is an 
excellent review of the method, indi- 
cations, metabolism, results, and com- 
plications. However, an important 
oversight is the failure to mention 
what appears to be a viable alterna- 
tive, namely hyperalimentation via a 
peripheral vein with newer fat-con- 
taining solutions. This peripheral 
teehnique of hyperalimentation may 
eliminate the acknowledged most se- 
rieus complication associated with the 
central placement of the usual hyper- 
alimentation catheter, namely, septi- 
cemia. 

There is too little discussion about 
the advantages and disadvantages of 
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rooming in. The chapter about sup- 
porting the patient and family with a 
seriously ill or dying child is superb 


and indicates the value of a great 


clinical experience and sympathetic 
understanding. 

I am enthusiastic that a book such 
as Surgical Pediatrics could be pub- 
lished. Anyone concerned with the 
care of infants and children with sur- 
gical illness will certainly find this 
book of great value. 

ARNOLD H. CoLopny, MD 
Boston 


The Management of Neonates and In- 
fants With Congenital Heart Disease. 
By Donal M Billig, MD, Marshall B Kreidberg, 
MD. Price, $12.75. Pp 182. Grune & Stratton Ine, 
111 Fifth Ave, New York 10003, 1973. 


This monograph is an attempt to 
categorize congenital lesions which 
occur in the neonate and to describe 
the available approaches to manage- 
ment of those lesions. No attempt 
was made by the authors to offer a 
classic textbook of congenital heart 
disease. As a result, there is a paucity 
of physical findings, eleetrocardio- 
grams, radiographs, or descriptions of 
surgical technique. In addition, those 
lesions covered are discussed only 
during the early years. There is little 
discussion of later problems and man- 
agement except as it affects manage- 
ment decisions in the neonatal period. 

The introductory chapters provide 
a brief, well organized, and useful 
schema for the clinical approach to 
congestive heart failure and cyanosis. 
The discussions of anesthetic and res- 
piratory management are of limited 
value in this format. The recommen- 
dations made are not universally ac- 
cepted. 

Subsequent chapters on specific 
malformations are orderly in presen- 
tation and include the salient issues. 
Controversy exists in management of 
many of the lesions. The authors de- 
scribe such disagreement and state 
their preferences well. In several 
areas, such as ventricular septal de- 
fects, tetralogy of Fallot, and the 
timing of intracardiac repairs, the 
chapters are well done. Because of the 
nature of the format, the discussion 
of transposition is quite brief. 

The advantages and disadvantages 
of shunts are covered well. One may 
debate some of the conclusions, but 
that does not alter the effectiveness 
of the presentation. 

This monograph, while brief and 
concise, is largely readable with good 


pathophysiologic correlations. One of 
its greatest strengths is an excellent 
and current bibliography, so impor- 
tant to a text attempting to cover 
such a complex discipline in such a 
short space. 

If one understands the authors’ 
goals of condensation, this is a useful 
text. It will have greatest value to the 
practitioner, resident, or student, par- 
ticularly if he uses it as a guide to ref- 
erence material. It will be of little 
value to the cardiologist or cardiac 
surgeon. 

ARVIN I. PHILIPPART, MD 
Detroit 


Essentials of Human Anatomy, ed 5. By 
Russell T Woodburne, AM, PhD. Price, $18.50. 
Pp 629. Oxford University Press, 200 Madison 
Ave, New York 10016, 1973. 


This is a welcome revision of a con- 
cise text, which has enjoyed great 
popularity in the short courses in 
gross anatomy currently given in 
American medical schools. As with 
most such books, the presentation is 
mainly regional. The descriptions are 


concise and lucid; allusions to func- 


tional and clinical correlations are 
adequate to indicate the significance 
of anatomic facts, and to encourage 
the search for further information. 
Significant data on variations are in- 
serted within the pertinent descrip- 
tive matter where such facts may be 
readily learned. In line with most 
new texts, key references are sup- 
plied. An interesting glossary defines 
eponyms commonly used in anatomy. 

The structures of the limbs are de- 
scribed in considerable detail, the 
action of muscles being helpfully 
grouped together. The brain, except 
for its blood vessels, is not described. 
This is disappointing since its inclu- 
sion would help to emphasize some 
regional correlations. Considerable 
space is devoted to the thoracic and 
abdominal viscera. Current ideas on 
the segmentation of the liver and kid- 
ney are presented. Dr. Woodburne’s 
interest in the anatomy and physiol- 
ogy of micturition result in the reduc- 
tion of the large and confusing litera- 
ture on this subject to a brief and 
readily understandable account. 

The excellent illustrations of for- 
mer editions have been further im- 
proved by the addition of new color 
plates, as well as by well chosen black 
and white radiographs and drawings. 

EDWARD A. EDWARDS, MD 
Boston 
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Calendar of Events 
1974 


January 
American Society for Surgery of the Hand, Dallas, Jan 19- 
24. Sec-TREAS: John A. Boswick, Jr., MD, 4200 E Ninth 
Ave, Denver 80220. 


February 

Cardiovascular Surgery Research Conference, Houston, Feb 
22-24. INFO: Cardiovascular Surgical Research Laboratory, 
. Texas Heart Institute, PO Box 20269, Houston 77025. 
Refresher Course in General Surgery, Toronto, Feb 4-6. Dir: 
Division of Postgraduate Medical Education, Medical Sci- 
ences Building, University of Toronto, Toronto, Ontario, 
Canada. 


March 
American College of Surgeons, Houston, March 25-27. Asst 
Dir: Edwin W. Gerrish, MD, 55 E Erie St, Chicago 60611. 
Course of the Joint Implant Surgery and Research Founda- 
tion, Island of Hawaii, March 4-8. MANAGING DIR: Joint 
Implant Surgery and Research Foundation, 1160 N Ver- 
mont Ave, Los Angeles 90029. 
Fifth Annual Postgraduate Nephrology Seminar, Houston, 
March 11-12. INFo: George E. Stewart, Jr., American 
Heart Association, 44 E 23rd St, New York 10010. 
Twelfth Annual Seminar: Radiology in Medicine and Surgi- 
cal Emergencies, Miami Beach, Fla, March 23-30. INFo: 
Manuel Viamonte, Jr., MD, Department of Radiology, 
University of Miami School of Medicine, PO Box 875, Bis- 
cayne Annex, Miami, FL 33152. 


April 
American Pediatric Surgical Association, New Orleans, 
April 4-6. Inro: William P. Tunell, MD, Department of 
Surgery, Louisiana State University Medical Center, 1542 
Tulane Ave, New Orleans 70112. 
Course of the Joint Implant Surgery and Research Founda- 
tion, Island of Hawaii, March 4-8. MANAGING DIR: Joint 
Implant Surgery and Research Foundation, 1160 N Ver- 
mont Ave, Los Angeles 90029. 
V Internacional Congress of Oral- and Maxillofacial Surgery, 
Madrid, April 21-25. Inro: Dr. F. Alarcón, PO Box 46078, 
Madrid. , 
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May i 

Course of the Joint Implant Surgery and Research Founda- 
tion, Zsland of Hawaii, March 4-8. MANAGING DIR: Joint 
Implant Surgery and Research Foundation, 1160 N Ver- 
mont Ave, Los Angeles 90029. 

International Symposium on Medical Ethics in a Changing 
World, Jerusalem, Israel, May 6-9. INFO: Prof Charles R. 
Kleeman, Hebrew University-Hadassah Medical School, 
PO Box 1172, Jerusalem, Israel. 


June 

Second International Symposium on Plastic and Recon- 
structive Surgery of the Head and Neck, Chicago, June 8-13. 
INFO: Scientific Program Chairman: Jack D. Kerth, MD, 
Department of Otolaryngology and Maxillofacial Surgery, 
Northwestern University Medical School, 222 E Superior 
St, Chicago 60611. 


July 
Fifth International Seminar and Exhibition, The Central 
Hall Westminster, London, SW 1, July 1-5. Con SEC: 
REHAB, Tavistock House (South), London, WC 1H 9LB. 


+ 


October 
American Association for the Surgery of Trauma, Home- 
stead, Hot Springs, Va, Oct 17-19. Src: John A. Boswick, 
Jr., MD, University of Colorado Medical Center, 4200 E 
Ninth Ave, Denver 80220. 
American College of Surgeons, 60th Annual Clinical Con- 
gress, Miami Beach, Fla, Oct 21-25. Asst Dir: Edwin W. 
Gerrish, MD, 55 E Erie St, Chicago 60611. 
American Society of Maxillofacial Surgeons, Shamrock Hil- 
ton, Houston, Oct 27-Nov 1. Sec-TREAS: Samuel Shatkin, 
MD, DDS, 50 High St, Buffalo 14203. 
XI International Cancer Congress, Florence, Oct 20-26. SEC 
GEN: Umberto Veronesi, Instituto Nazionale Tumori, 
20133 Milan, Italy. 
Western Orthopedic Association, Hilton Honolulu, Hono- 
lulu, Oct 5-12. Exec Sec: Miss H. Jacqueline Martin, 354 
21st St, Oakland, CA 94612. 
World Congress, Collegium Internationale Chirurgiae Diges- 
tivae, Third, Conrad Hilton Hotel, Chicago, Oct 9-11. SEC: 
Lloyd M. Nyhus, MD, PO Box 6998, Chicago 60680. 
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flurazeoam HCI 


when restful sleep is indicated 


One 30-mg capsule h.s. —usual adult dosage 

(15 mg may suffice in some patients). 

One 15-mg capsule h.s. —initial dosage for elderly or 
debilitated patients. 


Dalmane (flurazepam HCI) when 
the etiology of insomnia 
indicates the need for sleep 
medication 


C Consistently effective in 
helping patients get to 
sleep, stay asleep, sleep 
longer 


L] High level of patient 
acceptance 





Before prescribing Dalmane (flurazepam HCl), 
please consult Complete Product Informa- 
tion, a summary of which follows: 


Indications: Effective in all types of insomnia 
characterized by difficulty in falling asleep, 
frequent nocturnal awakenings and/or early 
morning awakening; in patients with recurring 
insomnia or poor sleeping habits: and in acute 
or chronic medical situations requiring restful 
sleep. Since insomnia is often transient and 
intermittent, prolonged administration is gen- 
erally not necessary or recommended 


Contraindications: Known hypersensitivity to 
flurazepam HCI! 


Warnings: Caution patients about possible 
combined effects with alcohol and other CNS 
depressants. Caution against hazardous occu- 
pations requiring complete mental alertness 
(e.g., operating machinery, driving). Use in 
women who are or may become pregnant only 
when potential benefits have been weighed 
against possible hazards. Not recommended 
for use in persons under 15 years of age 
Though physical and psychological depend- 
ence have not been reported on recom- 
mended doses, use Caution in administering 
to addiction-prone individuals or those who 
might increase dosage. 


Precautions: |n elderly and debilitated. initial 
dosage should be limited to 15 mg to preclude 
oversedation, dizziness and/or ataxia. If com- 
bined with other drugs having hypnotic or 
CNS-depressant effects, consider potential 
additive effects. Employ usual precautions in 
patients who are severely depressed, or with 


Dalmane is generally well tolerated. Only mild and relatively 
infrequent side effects have been reported clinically; in 
general, morning “hang-over” has been relatively infrequent. 
Dizziness, drowsiness, lightheadedness and the like have 
been the side effects noted most often, particularly in the 
elderly and debilitated. {An initial dose of Dalmane 15 mg 
should be prescribed for these patients.) 


latent depression or suicidal tendencies 
Periodic blood counts and liver and kidney 
function tests are advised during repeated 
therapy. Observe usual precautions in pres- 
ence of impaired renal or hepatic function 


Adverse Reactions: Dizziness. drowsiness, 
lightheadedness, staggering, ataxia and falling 
have occurred, particularly in elderly or debili- 
tated patients. Severe sedation, lethargy. dis- 
orientation and coma, probably indicative of 
drug intolerance or overdosage, have been 
reported. Also reported were headache, heart- 
burn, upset stomach, nausea, vomiting, 
diarrhea, constipation, GI pain. nervousness. 
talkativeness, apprehension, irritability. weak- 
ness, palpitations, chest pains. body and 

joint pains and GU complaints. There have 
also been rare occurrences of sweating, 
flushes, difficulty in focusing, blurred vision, 
burning eyes, faintness, hypotension, short- 
ness of breath, pruritus, skin rash, dry mouth, 
bitter taste, excessive Salivation, anorexia, 
euphoria, depression, slurred speech, con- 
fusion, restlessness, hallucinations, and 
elevated SGOT, SGPT, total and direct bili- 
rubins and alkaline phosphatase Paradoxical 
reactions, e.g., excitement, stimulation and 
hyperactivity, have also been reported in 

rare instarices. 


Dosage: |ndividualize for maximum bene- 
ficial effect. Adults: 30 mg usual dosage; 15 mg 
may suffice in some patients. E/derly or 
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O Prolongs sleep duration without need 
to repeat dosage during the night 
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nights of administration 


O Relatively safe, well tolerated 


- 


“= 


Please see reverse side for a summary of product information. 





archives of 


urgery 


Number 2 





S 





February 1974 Volume 108 


Ambulatory Surgical Unit......... E. C. Saltzstein, C. B. Sullivan, E. M. Patterson, J. A. Hiller 


The Use of Pure Carbon for Permanent Percutaneous Electrical Connector Systems 
V. Mooney, D. B. Hartmann, D. McNeal, J. Benson 


Major Venous Anemalies Complicating Abdominal Aortic Surgery......... B. J. Brener, 
R. C. Darling, P. L. Frederick, R. R. Linton 

Suspension Laryngomicroscopy in a Cancer Institute.............. D. P. Shedd, K. Sako 

Renal Dysfunction Following Open-Heart Operations............... R. M. Abel, J. Wick, 


C. H. Beck, Jr., M. J. Buckley, W. G. Austen 


Treatment of Patients With Hepatic Tumors and Jaundice by Ligation of the Hepatic 
Artery>.......: Sa Se Ae T. K. I. Larmi, P. Kärkölä, H-E. Klintrup, E. Heikkinen 


Lier Peete RO ac.c. ss aces. J. Popovsky, S. N. Wiener,-P. A. Felder, A. Biramje, M. Reydman 
Cephalothin Levels in Human Bile......................... M. D. Ram, S. Watanatittan 
Simple Cystectomy in the Management of Bladder Carcinoma ......... J. J. Cordonnier 
Prolonged Total Left Ventricular Bypass in Dogs............... D. R. Miller, W. Ashcraft 


Pulmonary Anatomic Arteriovenous Shunting Caused by Epinephrine. ..... . S. Nomoto, 
J. L. Berk, J. F. Hagen, R. Koo 


Duodenal Acidification and Antral Release of Gastrin................... H. D. Becker, 
J. C. Evans, D. D. Reeder, J. C. Thompson 


Depletion and Restoration of Tissue ATP in Hemorrhagic Shock ......... I. H. Chaudry, 
M. M. Sayeed, A. E. Baue 


Acute Pancreatitis Secondary to latrogenic Hypercalcemia.............. R. R. Manson 


Acute Pancreatitis Secondary to Calcium Infusion in a Dialysis Patient 
E. L. Hochgelerent, D. S. David 


latrogenic Renal Hypertension .....J. L. McCormack, R. C. Bain, G. M. Kenney, R. Tocantins 


Abdominal Apoplexy Due to Rupture of a Superior Mesenteric Artery Aneurysm 
R. M. Blumenberg, D. David, J. Slovak 


Proximal Venous Thrombosis After Side-to-Side Arteriovenous Fistula...... B. Mindich, 

I. Dunn, E. Frumkin, B. S. Levowitz 
Coat Camere ie. > re Se. ee... J. P. Hughes, J. E. McEntire, T. K. Setze 
infernal Gmmpiiaiemhe: ow. | a5. nee E len Oe. Satyanand, S. M. Gulati, T. K. Thusoo 


Candida Endophthalmitis Associated With Intravenous Hyperalimentation 
J. B. Freeman, P. L. Davis, L. D. MacLean 


Subclavian Vein Catheter Replacement Without Venipuncture ........ J. H. Blewett, Jr., 
E. R. Kyger Ill, L. T. Patterson 
o NE OMB th A. o3-0% A Eno ees Oe Saks cde Vee ae P. R. Caropreso 


AMA 





143 


148 


159 
168 


175 


178 
184 
187 
190 
195 


201 
205 


208 
213 


218 
220 


223 


227 
230 
233 


237 








You expect your preoperative patient to be somewhat anxious 
and apprehensive about the scheduled surgery. But in some cases, 
psychic tension reaches undesirable levels 
as the time for the procedure approaches. 

In such situations, 10 mg Injectable 
Valium’ (diazepam), administered I.M. an 
hour or two before the operation, can lessen 
the undue anxiety and tension associated 
with strange surroundings and disturbing 
procedures. The calming effect 1s generally 
prompt and pronounced. What’s more, 









Valium (diazepam) can markedly reduce the 
patient’s recall of preoperative procedures. 
Injectable Valium seldom significantly 
alters vital signs. Nevertheless, there have been 
infrequent reports of hypotension and rare 
reports of apnea and cardiac arrest, usually 
following I.V. administration, especially in 
elderly or very ill patients». ~ 
and those with limited 
pulmonary reserve. 


Resuscitative facilities 
should be available. 









A 
When given in conjunction with narcotics wry ' 


(See prescribing information:) ~ 
Do not mix or dilute Injectable Valium 
with other drugs, solutions or fluids. 

The 10-mg disposable syringe is especially 
useful in this respect, since it provides 

a convenient method of using Valium and 
at the same time helps assure 

aseptic handling. 










ctable Valium diazepam) 
| can ease the way 4m 


Before prescribing, please consult complete product information, 
a summary of which appears on the following page. 


_ Prior to surgery, to relieve excessive anxiety; additionally, 


may diminish recall 


Injectable Valrum diazepam) 


ready-to-use 2-ml Tel-E-Ject (disposable syringes) 


Before prescribing, please consult 
complete product information, a sum- 
mary of which follows: 

Indications: ‘Tension and anxiety 
states; somatic complaints which are con- 
comitants of emotional factors; psycho- 
neurotic states manifested by tension, 
anxiety, apprehension, fatigue, depressive 
symptoms or agitation; symptomatic re- 
lief of acute agitation, tremor, delirium 
tremens and hallucinosis due to acute al- 
cohol withdrawal; adjunctively in: relief 
of skeletal muscle spasm due to reflex 
spasm to local pathology; spasticity caused 
by upper motor neuron disorders; athe- 
tosis; stif/man syndrome; tetanus; status 
epilepticus and severe recurrent seizures; 
adjunctively in anxiety, tension or acute 
stress reactions prior to endoscopic and 
surgical procedures; cardioversion. 

Contraindicated: In infants; in pa- 

- tients with known hypersensitivity to the 
drug; in acute narrow angle glaucoma; 
may be used in patients with open angle 
glaucoma receiving appropriate therapy. 

Warnings: Inject I.V. slowly, directly 
into vein; take at least one minute for each 
5 mg(1 ml) given. Do not mix or dilute with 
other solutions or drugs. Do not add to 
I.V. fluids. Administer with extreme care 
to elderly or very ill and those with limited 
pulmonary reserve because of possibility 
of apnea and/or cardiac arrest; have re- 
suscitative facilities available. When used 
with narcotic analgesic eliminate or re- 
duce narcotic dosage at least 1⁄4, admin- 
ister in small increments. Should not be 
administered to patients in shock, coma, 
acute alcoholic intoxication with depres- 
sion of vital signs. As with most CNS- 
acting drugs, caution against hazardous 
occupations requiring complete mental 
alertness (e.g., operating machinery, 
driving). Advise against simultaneous in- 
gestion of alcohol and other CNS depres- 
sants. Withdrawal symptoms (similar to 
those with barbiturates and alcohol) have 
occurred following abrupt discontinuance 
(convulsions, tremor, abdominal and 
muscle cramps, vomiting and sweating). 
Keep addiction-prone individuals under 
careful surveillance because of their pre- 
disposition to habituation and depend- 
ence. In pregnancy, nursing women or 
women of childbearing potential, weigh 
expected benefit against possible hazard 
to mother and child. Not recommended 
for OB use. 


10-ml vials 


5 mg/ml 


2-ml ampuls 


Precautions: If combined with other 
psychotropics or anticonvulsants, care- 
fully consider individual pharmacologic 
effects—particularly with known com- 
pounds which may potentiate action of 
Valium (diazepam), i.e., phenothiazines, 
narcotics, barbiturates, MAO inhibitors 
and other antidepressants. Protective 
measures indicated in highly anxious pa- 
tients with accompanying depression who 
may have suicidal tendencies. Observe 
usual precautions in impaired hepatic 
function; avoid accumulation in patients 
with compromised kidney function. 
Laryngospasm and increased cough reflex 
are possible during peroral endoscopic 
procedures; use topical anesthetic and 
have necessary countermeasures available. 
Hypotension or muscular weakness pos- 
sible, particularly when used with nar- 
cotics, barbiturates or alcohol. Use lower 
doses (2 to 5 mg) for elderly and debili- 
tated; safety and efficacy in children 
under 12 not established. 


Adverse Reactions: Drowsiness, fa- 
tigue, ataxia, venous thrombosis and | 
phlebitis at injection site, confusion, 
depression, dysarthria, headache, hypo- 
activity, slurred speech, syncope, tremor, 
vertigo, constipation, nausea, inconti- 
nence, changes in libido, urinary reten- 
tion, bradycardia, cardiovascular collapse, 
hypotension, blurred vision, diplopia, 
nystagmus, urticaria, skin rash, hiccups, 
changes in salivation, neutropenia, jaun- 
dice. Paradoxical reactions such as acute 
hyperexcited states, anxiety, hallucina- 
tions, increased muscle spasticity, in- 
somnia, rage, sleep disturbances and 
stimulation have been reported; should 
these occur, use of the drug should be 
discontinued. Cough, depressed respira- 
tion, dyspnea, hyperventilation, laryngo- 
spasm and pain in throat and chest have 
been reported in peroral endoscopic pro- 
cedures. Isolated reports of neutropenia, 
jaundice; periodic blood counts and liver 
function tests advisable during long-term 
therapy. Minor EEG changes, usually 
low-voltage fast activity, of no known 
sig nificance. 

Dosage: Usual initial adult dose is 
2 to 20 mg I.M. or I.V., depending on in- 
dication and severity. Larger doses may 
be required in some conditions (tetanus). 
In acute conditions injection may be re- 
peated within | hour, although interval 
of 3 to 4 hours is usually satisfactory. 


Lower doses (usually 2 to 5 mg) with slow 
dosage increase for elderly or debilitated 
patients and when sedative drugs are 
added. (See Warnings and Adverse Re- 
actions.) Give I.V. injections slowly, di- 
rectly into vein; take at least 1 minute 
for each 5 mg (1 ml); avoid small veins. 
I.M. should be by deep injection. Do not 
mix or dilute with other solutions or 
drugs. Do not add to I.V. fluids. Moderate 
psychoneurotic reactions, 2 to 5 mg I.M. 
or I.V. and severe psychoneurotic reac- 
tions, 5 to 10 mg I.M. or I.V., repeat in 3 
to 4 hours if necessary; acute alcoholic 
withdrawal, 10 mg I.M. or I.V. initially 
then 5 to 10 mg in 3 to 4 hours if neces- 
sary; muscle spasm, 5 to 10 mg I.M. or I.V. 
initially, then 5 to 10 mg in 3 to 4 hours 
if necessary (tetanus may require larger 
doses); status epilepticus, severe recur- 
rent convulsive seizures, 5 to 10 mg I.M. 
or I.V. initially, repeat in 2 to 4 hours if 
necessary. In endoscopic procedures, ti- 
trate I.V. dosage to desired sedative re- 
sponse, generally 10 mg or less but up to 
20 mg (if narcotics are omitted) immedi- 


_ ately prior to procedure; if I.V. cannot be 


used, 5 to 10 mg I.M. approximately 30 
minutes prior to procedure. As preopera- 
tive medication, 10 mg I.M.; in cardio- 
version, 5 to 15 mg I.V., within 5 to 10 
min. prior to procedure. Once acute 
symptomatology has been properly con- 
trolled with injectable form, patient may 
be placed on oral form if further treat- 
ment is required. 3 
Management of Overdosage: Manifes- 
tations include somnolence, confusion, 
coma and diminished reflexes. Monitor 
respiration, pulse, blood pressure; em- 
ploy general supportive measures, I.V. 
fluids, adequate airway. Use levarterenol 
or metaraminol for hypotension, caffeine 
and sodium benzoate for CNS-depressive 
effects. Dialysis is of limited value. 

Supplied: Ampuls, 2 ml, boxes of 10; 
Vials, 10 ml, boxes of 1; Tel-E-Ject® (dis- 
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sheet of paper. Length should be limited to a maximum 
of 40 words. 


g An experienced medical illustrator should be employed 
whenever possible for the preparation of all artwork. 
Template lettering or preset type is preferred to hand- 
lettered labels. If halftone artwork with labels is sub- 
mitted, affix type and leaders to a clear acetate overlay 
registered to the base drawing. Labels and leaders should 
be applied directly to the drawing board surface if the 
artwork consists only of line ink technique. 


fos] A letter of consent must accompany all photographs 
of patients in which a possibility of identification exists. 
It is not sufficient to cover the eyes to mask identity. 


mM Illustrations in full color are accepted for publication 
if the editors believe that color will add significantly 
to the published manuscript. The ARCHIVES will pay part 
of the expense of reproduction and printing color illus- 
trations, the remainder to be borne by the author or his 
sponsor. After deducting the ARCHIVES contribution, the 
author’s share is $275.00 for up to six square finished 
illustrations which can be arranged on a one-page layout. 
Any additional illustrations or special effects will be billed 
to the author at cost. Positive color transparencies (35 
mm preferred) must be submitted for an evaluation. 
Do not send color prints unless accompanied by original 
transparencies. If transparencies are mounted in frames or 
glass, the material should be carefully packed in gauze 
and sent with the manuscript in a separate container or 
between two pieces of pressboard. 


Pa Each table shoul! be typed double-spaced, including 
all headings, on a separate sheet of 22 X 28 cm paper. Do 
not use larger paper. If a table must be continued, use a 
second sheet and repeat all heads and stubs. 

[ Tables should be arranged so that when printed they 
will not be wider than three columns of ARCHIVES body 
type. Generally up to nine typewritten columns of data 
(including stub, or left column) will fit into three columns. 
Tables must be numbered consecutively, beginning with 1, 
and each must have a heading. Example: “Table 6.—Re- 
sults of Blood Coagulation Studies.” 


Manuscript Preparation 


Brief Summary. 


Consult the package literature for prescribing information. 


Actions: Keflin® (sodium cephalothin, 
Lilly) is a broad-spectrum antibiotic. 
Following a single 1-Gm. intravenous 
dose, blood levels have been about 30 
meg. per ml. at fifteen minutes. Dos- 
ages of 2 Gm. given intravenously over 
@ thirty-minute period have produced 
serum concentrations of 80 to 100 mcg. 
per mi. one-half hour after the infusion. 

The antibiotic passes readily into 
body fluids, e£., pleural, joint, bile, and 
ascitic fluids. 


Indications: Keflin is indicated for the 
treatment of serious infections caused 
by susceptible strains of the designated 
micro-organisms in the diseases listed 
below. 


Respiratory tract infections caused 
by Diptococcus pneumoniae, 
staphylococci (penicillinase and 
nonpenieillinase-producing), group 
A beta-semolytic streptococci, 
Klebsiella, and Hemophilus influ- 
enzae 


Skin and soft-tissue infections, in- 
cluding peritonitis, caused by 
staphylococci (penicillinase and 
nonpenicillinase-producing), 
group Abeta-hemolytic strepto- 
cocci, Escherichia coli, Proteus 
mirabilis, and Klebsiella 


Genito-urinary tract infections caused 
by Esch. coli, Pr. mirabilis, and 
Klebsiella 

Septicemia, including endocarditis, 
caused by D. pneumoniae, staph- 
ylococci (penicillinase and non- 
penicillinase-producing), group A 


beta-hemolytic streptococci, ; j 
Streptococcus viridans, Esch. coli, ` 


Pr. mirabilis, and Klebsiella 


Gastro-intestinal infections caused 
by Salmanelia and Shigella species 


Meningitis eaused by D. pneumoniae, 
group A dDeta-hemolytic strepto- 
cocci, amd staphylococci (penicil- 
linase and nonpenicillinase-pro- 
ducing) 


Bone and joint infections caused by 


staphylococci (penicillinase and 
nonpenic illinase-producing) 


Contraindication: Previous hypersensi- 
tivity to cephalosporins. 


Warnings: BEFORE CEPHALOTHIN THER- 
APY IS INSTITUTED, CAREFUL INQUIRY 
SHOULD BE MADE CONCERNING PREVI- 
OUS HYPERSENSITIVITY REACTIONS TO 
CEPHALOSPORINS AND PENICILLIN. 


_ CEPHALOSPORIN C DERIVATIVES SHOULD 


BE GIVEN CAUTIOUSLY IN PENICILLIN- 
SENSITIVE PATIENTS. 

SERIOUS ACUTE HYPERSENSITIVITY 
REACTIONS MAY REQUIRE EPINEPHRINE 
AND OTHER EMERGENCY MEASURES. 

There is some evidence of partial 
cross-allergenicity of the penicillins and 
the cephalosporins. Severe anaphylac- 
toid reactions have been reported with 
both drugs. 

Patients with allergy and hypersensi- 
tivity should receive antibiotics cau- 
tiously and only when necessary. 

Usage in Pregnancy—Safety for use 
during pregnancy has not been estab- 
lished. 


Precautions: Patients should be fol- 
lowed carefully to detect any side- 
effects or drug idiosyncrasy. If an al- 














lergic reaction occurs, discontinue the 
drug and treat the patient with usual 
agents. 

Although alteration in kidney func- 
tion is rare, evaluation of renal status 
is recommended. Patients with im- 
paired renal function should be placed 
on a reduced dosage schedule to pre- 
vent excessive serum concentrations. 
Consult prescribing information. 

If thrombophlebitis or superinfection 
occurs, take appropriate measures. A 
false-positive reaction for glucose in the 
urine has-been observed with some 
tests but not with Tes-Tape® (urine 
sugar analysis paper, Lilly). 


Adverse Reactions: Maculopapular rash, 
urticaria, pain, induration, tenderness, 
elevation of temperature, reactions re- 
sembling serum sickness, anaphylaxis, 
eosinophilia, drug fever, neutropenia, 
thrombocytopenia, hemolytic anemia, 
thrombophlebitis, transient rise in 
SGOT and alkaline phosphatase, rise in 
BUN, decreased creatinine clearance, 
and a positive direct Coombs test have 
been reported. [071873] 
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Keflin was made available for 
clinical investigation early in 1962 and 
was marketed on September 4, 1964. 








Since the introduction of Keflin, 

the susceptibilities of commonly 
encountered organisms, as measured 
by in-vitro methods, have not changed 
significantly. See brief summary 

for indications. 


* equivalent to cephalothin 


Please turn page for summary 
of prescribing information. 


- Editorial 


Controlling the 


Tihe first step in problem solv- 

ing is to recognize that a problem 
exists. The public and the profession 
have become alert to the fact that 
hospital costs are high and going 
higher. Unfortunately, the restric- 
tions imposed by the federal govern- 
ment limiting increases in hospital 
expenditures fail to take into account 
changes made necessary by the accel- 
erating rate of patient turnover and 
by the complexity of the efforts to 
diagnose and treat disease. This pol- 
icy limits the ability of the hospital to 
pay for additional skilled staff in the 
operating rooms, intensive care units, 
and other patient areas that play an 
essential part in efforts to increase 
the volume and level of care given to 
the more seriously ill patients. Fur- 
ther, the impact of this policy is of vi- 
tal concern to institutions that would 
like to support new programs so that 
more patients can be accommodated 
in the same size physical plant. This 
could be achieved by expanding the 
_ range of ambulatory facilities and op- 
erating proeedures offered and by 
shortening the postoperative stay of 
the patient for whom hospitalization 
has been required. Saltzstein and his 
colleagues have deseribed elsewhere 
in this issue their methods and expe- 
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rience with a surgical ambulatory 
care unit. It appears to be an 
eminently practical program which 
has won acceptance by surgeons and 
patients. Our experience with an 
early discharge program for surgical 
patients has demonstrated that the 
postoperative stay can be reduced 
very significantly without risk to the 
patient. Given adequate staffing, both 
approaches are feasible now and 
should be considered for wide appli- 
cability. Patients who do not require 
overnight hospital stay, at whatever 
point along their road to health, 
should be sent home or treated in 
other than acute care hospitals. As a 
consequence, beds will then become 
available for those who need them, 
and the emphasis will shift from ac- 
quiring more beds to better utiliza- 
tion of those we have. The savings, 
both in capital costs and in expenses 
incurred by the patient, will be large. 
Obviously, the third party payors will 
benefit, and they should be encour- 
aged to share the savings with the 
community. Hospitals having diff- 
culty keeping occupancy rates high 
enough for efficient cost control un- 
derstandably will be less than enthu- 
siastic, for a restructuring of the 
number, type, and size of hospitals 





Cost of Hospital Care 


will eventually result. 

But the day rate will not go down! 
Those patients who are justifiably 
hospitalized will be the more acutely 
ill patients, and will require more 
costly procedures and care. This de- 
velopment will force physicians and 
society to attempt to answer certain 
questions: Is this therapy justified? 
How can the medical profession best 
spend dollars for health? 


Medical education has prepared us 


to offer the best possible care for the 
individual patient. Few of us can or 
are willing to address ourselves to the 
larger question of how we should 
modify our health practices so that 
better care for the community will 
not become prohibitively expensive. 
Like it or not, the physician must 

join in the debate. The voice of the 
“unyielding traditionalist” must be 
tempered and new solutions to the 
problem found and applied, for the 
crisis in medical care is upon us. If we 
do not make the effort, can we expect 
any other segment of the community 
to find a better, more acceptable, and 
more humane answer? 

CHESTER B. Rosorr, MD 

Beth Israel Hospital 

Boston 02215 
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irst line 
of defense 
F against 
topical 
infections 


’ Betadine 
Ointment 


BETADINE Ointment is decisively microbicidal. 
it kills all five major classes of pathogens: 
both gram-positive and gram-negative 
bacteria (including antibiotic-resistant 
strains), fungi, viruses, protozoa and yeasts. 
And its microbicidal activity is maintained in 
the presence of blood, pus and serum. 


BETADINE Ointment contains 
no hexachlorophene and is virtually 
nonirritating. It's not greasy or sticky, and 
easily washes off skin or natural fabrics. The 
2 application site can be bandaged. 
5 Supplied in 1/32 oz. and 1/8 oz. packettes, 
1 oz. tubes and 16 oz. (1 Ib.) jars. 
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Ambulatory Surgical Unit 


Alternative to Hospitalization 


Edward C. Saltzstein, MD; Charles B. Sullivan, MS; 
Elizabeth M. Patterson, RN; James A. Hiller, Milwaukee 


Hospitalization costs are the prime reason 
for increasing health care delivery costs. The 
initial 15-month experience (633 patients) 
with an ambulatory surgical unit in an urban 
teaching hospital was evaluated as an al- 
ternative to hespitalization. 

A progressive increase in utilization of the 
unit was not accompanied by a decrease in 
hospital admissions. Gynecological, urologi- 
cal, and orthapedic procedures lend them- 
selves to performance on outpatients. A 
wide variety of surgical procedures were per- 
formed. 

Analysis of hospital billing te patients un- 
dergoing therapeutic abortion, laparoscopic 
tubal ligation, breast biopsy, and cystoscopy 
indicated that charges range from 47% to 
70% higher for inpatients tnan for out- 
patients undergoing similar procedures. 
Screening tests and room charges to in- 
patients accounted for this significant cost 
differential. 

Patients preferred ambulatory surgery to 
hospitalization. Patients and physicians indi- 
_ cated a highly satisfactory experience in all 
aspects of high quality medical care. 


Accepted for publication Aug 7, 1973. 

From the departments of surgery (Dr. Saltz- 
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he great rise in the cost of 

medical care in the United States 
is one of today’s major political and 
economic issues and a most appropri- 
ate concern of all members of the 
health care community. This escala- 
tion has been disproportionate to that 
of other standard consumer price in- 
dices over the past ten years. There is 
an urgent need to seek methods of 
minimizing costs while maintaining 
or improving the quality of medical 
care. 





For editorial comment, see page 141. 





The health care industry is. pres- 
ently one of the largest in the United 
States, representing 7.4% of the 1971 
gross national product.' This growth 
has encompassed cost increases in all 
fields of health care delivery, but the 
most significant escalating factor is 
attributable to the cost of hospital- 
ization. Consequently, there is now 
interest in developing ambulatory 
surgery programs to provide high 
quality medical care while obviating 
the necessity for hospital admission. 
It has been estimated that from 20% 
to 40% of surgery now performed on 
inpatients could be accomplished on 
an outpatient basis (Med World News 
12:58-59, 1971). 

This report will describe an initial 
15-month experience with a teaching 
hospital-based ambulatory surgical 
unit, and will evaluate ambulatory 


surgery as a viable alternative to in- 
patient hospitalization. 


Materials and Methods 


A six-bed ambulatory surgical unit, 
called the Ambulatory Recovery Area 
(ARA), was established at Mount Sinai 
Medical Center, Milwaukee. The unit has 
immediate access to the minor surgical 
suite, the main operating room suite, and 
the postanesthesia recovery area. The 
ARA is open from 7 AM to 5 PM Monday 
through Friday, and is staffed by regis- 
tered nurses. 

Admission to the unit is made directly 
from the outpatient department registra- 
tion desk. Patients are requested to report 
to the hospital one to two hours prior to 
scheduled surgery so that all necessary 
preoperative roentgenographic and labora- 
tory tests ordered by the attending physi- 
cian may be completed. This may include 
admission hematology, urinalysis, chest 
roentgenogram, electrocardiogram, auto- 
mated multiple analyses, (chemistry 


screen), type and cross match, and other 


testing pertinent to individual patients. 
From the ARA, patients are transferred to 
the operating room for their surgical pro- 
cedure under general or local anesthesia. 
The patient is treated in the recovery area 
postoperatively, and then returned to the 
ARA. The subsequent discharge is the re- 
sponsibility of the attending physician. 
The same criteria established by the medi- 
cal staff for high quality medical care of in- 
patients going to surgery applied to pa- 
tients undergoing surgical procedures as 
outpatients. 

Six hundred thirty-three patients were 
admitted to the ARA from Jan 1, 1972 to 
March 31, 1973. The data analyzed included 
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Increasing utilization of ARA from Jan 1, 1972 to March 31, 1973. 


l Table 1.—Utilization of ARA from Jan 1, 1972, to March 31, 1973 


No. of Average Length of 
Operative Procedure Patients Stay, hr 

Blood transfusion 7 3.14 
Chemotherapeutic infusion 18 1.03 
Dental surgery 14 6.43 
Endoscopy 12 1.75 
Otolaryngology and ophthalmology 10 2.95 
General surgery 

Breast biopsy 16 4.28 

„Hand surgery 19 3.60 

Other* 24 4.18 
Urology 

Cystoscopy 123 2.04 

Minor surgicalt 4 1.25 

Vasectomy 6 1.50 
Obstetrics-Gynecology 

Dilatation and curettage 46 4.00 

Laparoscopic tubal ligation 21 5.15 

Minor surgicalt 10 2.95 

Therapeutic abortion 188 4.88 


Nerve block 


Orthopedic surgery 
Arthroscopy 
Fracture reduction 


Pin, nail, screw removal 
Plastic surgery 
Miscellaneous§ 





* Removal of foreign bodies, toe amputation, cyst of foot, exploration ulnar nerve, lymph 
node biopsy, excision of neck cyst, toenail removal, excision exostosis of foot, excision soft 
tissue tumors, inguinal herniorrhaphy, abdominal incisional exploration, incision and drainage 
abscesses, carpal tunnel release. 

t Urethroplasty, urethral meatotomy. 

ł Endocervical dilation, excision condyloma, excision Bartholin cyst, vulvar biopsy, removal 
of vaginal septum. 

§ Angiography, liver biopsy, fecal impaction, phlebotomy, spinal tap. 
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the categories of patients by surgical pro- 
cedure, the average length of stay by sur- 
gical procedure, the utilization trends of 
the ARA, a cost analysis of four frequently 
performed procedures, insurance coverage, 
and physician and patient response as eli- 
cited by questionnaire. 


Results 


The number of ARA patients, cate- 
gorized by the type of surgical pro- 
cedure performed, and the average 
length of stay in hours in the hospital 
for these patients is shown in Table 1. 
The predominance of gynecological, 
urological, and orthopedic procedures 
is noted. Of interest is the wide range 
of possible surgical procedures which 
may be accomplished on outpatients. 

The progressive increased utiliza- 
tion of the ARA is shown graphically 
in the Figure. Interestingly, the total 
number of inpatient admissions dur- 
ing the corresponding time period 
was not decreased. 

The costs of hospitalization of out- 
patients undergoing therapeutic abor- 
tion, laparoscopic tubal ligation, 
breast biopsy, and cystoscopy were 
analyzed and compared to the costs of 
hospitalization for a matched series 
of inpatients undergoing similar pro- 
cedures (as the sole indication for hos- 
pitalization). The patients were 
matched for surgical procedure. The 
hospital charges for inpatients 
ranged from 47% to 70% higher than 
charges for outpatients undergoing 
similar procedures (Table 2). As 
would be expected, the room charge 
represents a significant portion of 
this savings. This cost analysis in all 
four groups also indicated that the 
mean charges for diagnostic testing 
(ECG/laboratory, and  roentgen-. 
ogram) is substantially higher for in- 
patients, ranging from 48% to 72% 
higher than charges for outpatients 
undergoing similar procedures (Table 
2). 

An accounting review indicated 
that 97% of the patients received full 
insurance coverage. Twenty-two dif- 
ferent types of insurance coverage 
were identified. Blue Cross, Medicaid, 
and a variety of private insurance 
companies were the major third party 
payors. 

Questionnaires were developed to 
elicit physician and patient reaction 
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Table 2.—A Comparison of ARA and Inpatient Mean Costs 






Therapeutic Abortion 










Total Average 
Operating Recovery Room Mean Length 
Room Room Laboratory Roentgenogram Anesthesia Drugs Supplies Charge Cost of Stay 
ARA $47 - $19 $48 0 $12 $10 $8 $43 $187 4.9hr 
Inpatient $55 $22 $95 $10 $14 $17 $14 $124 $351 2 days 
Laparoscopic Tubal Ligation 
ARA $83 $22 $38 0 $13 $12 $8 $38 $214 5.1hr . 
Inpatient $110 $17 $96 $10 $25 $25 $13 $124 $420 2 days 
Breast Biopsy : 
ARA $44 $15 $50 $11 $16 $6 $7 $51 $200 4.3hr 
Inpatient $79 $17 $103 $15 $17 $14 $15 $155 $415 2.4 days 
Cystoscopy ! 
ARA $46 o $39 9 $1 $8 $4 $23 $130 2hr | 
Inpatient $61 $4 $68" $4 $20 $11 $166 $438 3.2 days 

















to the ARA. Over 35% of the physi- 
cians responded, accounting for ap- 
preximately 60% of the total patients 
admitted during the study period. 
Over 60% of the physicians who re- 
sponded found the quality of medical 
care, the facility, and the nursing 
care services excellent. Seventy per- 
cent (70%) would not have preferred 
to admit their patients to the regular 
hespital service. None thought that 
the quality of patient care was com- 
promised. 

Of the patients responding, 90% re- 
ported that they had received excel- 
lent care. They found the unit clean, 
quiet, comfortable, private, and relax- 
ing, and were especially impressed 
with the personal attention afforded 
by the nursing staff. Of the patients 
responding, 95% stated that they 
weuld not prefer to stay overnight, 
and cited reasons of personal conve- 
nience and family commitments. 

Based on nonstructured interviews, 
the nursing staff expressed a highly 
favorable attitude toward the philoso- 
phy and the operation of the ARA. 
The personalized contact in pre- and 
postoperative care contributed to the 
challenge of professional nursing. 


Comment 


Despite widespread recognition of 
the need for alternative methods of 
the delivery of patient care, and de- 
spite recent interest in providing 
medical care on an ambulatory basis 
when feasible, there have been rel- 
atively few reports concerning am- 
bulatory surgical units, particularly 
in the American literature. Several 
reports*' have concluded that minor 


Arch Surg/Vel 108, Feb 1974 


$104 














pediatric procedures are more prop- 
erly cared for on an outpatient basis. 
The adverse effects of hospitalization 
for pediatric patients include emo- 
tional problems brought about by the 
trauma of hospitalization and separa- 
tion from parents and contact with 
hospital-borne infection (resulting in 
hospital-acquired gastroenteritis and 
respiratory infections). There is also 
an accumulating body of literature 
indicating that many obstetrical- 
gynecological conditions can be 
treated on an outpatient basis." 

It is now becoming apparent that a 
major proportion of surgical proce- 
dures commonly performed in gen- 
eral hospitals also can be performed 
on outpatients. Gynecological, urolog- 
ical, and orthopedic procedures lend 
themselves to performance on out- 
patients (Table 1). Our experience, 
and that of others,'’-'* indicate that a 
wide variety of surgical procedures 
can be performed on outpatients. It 
is anticipated that this number will 
increase as surgeons become more 
familiar and secure with ambulatory 
surgical units. The Figure, showing 
rapidly increasing utilization of the 
ARA, certainly suggests that this is 
the case. 

Table 2 indicates the length of time 
that ARA patients spent in the hospi- 
tal (surgery, recovery, and ARA). By 
comparison, inpatients undergoing 
similar procedures were hospitalized 
on the average of two days per pa- 
tient per procedure. By extrapolation, 
for 633 patients this represents ap- 
proximately 1,266 inpatient days 
saved by outpatient surgery. To in- 
terpret this, however, one must dis- 
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ographic testing, as reflected by hos- 





tinguish between the cost savings 
computed as average cost per patient 
day, and the actual cost savings to a 
hospital.'® When hospital utilization is 
maximum, ie, beds are at a premium, 
the saving of inpatient days is of 
great advantage to the hospital, the 
physician, and the patient. With hos- 
pital census down, as it is currently 
nationwide, a savings of hospital days 
not only decreases hospital revenue 
but does not necessarily reduce hospi- 
tal expenses. In other words, the per- 
formance of outpatient surgery re- 
sults in patient or third party payor 
savings or both; the hospital may not 
save. Only if a hospital were suffi- 
ciently emptied to close a portion of 
it, and therefore decrease personnel 
costs, can real savings be realized. 
Outpatient surgery is now covered 
by most third party payors. Histori- 
cally, the reluctance of insurance car- 


riers to accept liability for other than — ‘i 


inpatient services encouraged hospi- — 
talization. As noted-by others,'’ most 
insurance carriers now welcome the 
savings in hospital charges and the 
reduced hospital inpatient utilization 
resulting from surgery performed on 
an outpatient basis. 

It is well known that once a patient 
is admitted to the hospital, he is sub- 
ject to a battery of examinations, 
both mandatory (established as min- 
imal acceptable preoperative eval- 
uations) and screening (not pertinent 
to the problem necessitating admis- 
sion). We have noted that inpatients 
had more laboratory and roentgen- 


pital billing of 48% to 72% more for 
these services than ARA patients un- 
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dergoing similar procedures (Table 2). 
Unquestionably, screening tests are 
an important facet of good medical 


practice. The fact remains, however, 


that these tests increase costs sub- 
stantially, and appear to require addi- 
tional in-hospital days to perform on 
otherwise ambulatory patients. A re- 
view of patients from all four ana- 
lyzed procedure categories indicated 
that screening tests and the con- 
sequent prolonged hospitalization 
were the main factors in the cost dif- 
ferential in average hospital billing. 
Apparently, there is a need for 
greater emphasis to be placed on the 
cost savings benefit that results from 
performing this testing on an out- 
patient basis. 

We have found that admitting pa- 
tients to the ARA two hours prior 


_ to scheduled surgery was sufficient 


time to perform the necessary pre- 
anesthetic physical and laboratory 
evaluation. It has been unnecessary 
to obtain these studies on the previ- 
ous day,'' which we believe is incon- 
veniencing to the patient and in part 
defeats the, purpose of the unit. As 
noted previously, the same criteria es- 
tablished by the medical staff for high 
quality medical care of inpatients go- 
ing to surgery was deemed appropri- 
ate for patients undergoing surgical 
procedures as outpatients. Peer re- 
view has indicated that quality of 
medical care was not sacrificed; 
rather, because of the advantages of 
an ambulatory surgical unit, it was 
improved. 

The patient responses to question- 
naires repeatedly echoed the conve- 
nience of the ARA. Clearly, patients 
appreciated the personal individ- 
ualized nursing care available in the 
ARA and the psychological advan- 
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tage of being able to spend almost all 
of the preoperative and postoperative 
period at home with minimal de- 
rangement of schedule and habits." 
This favorable response may be at- 
tributable to a decrease in the ad- 
verse psychological effects of hospital- 
ization: disruption of family life, 
anxiety about loss of independence 
associated with admission to a hospi- 
tal, emotional reaction to surgery, 
and so on. The prompt return home 
encouraged a quicker recovery and a 
shorter convalescence.” 

Controversy exists between the 
freestanding versus the hospital- 
based ambulatory surgical unit.'':'* It 
would appear that a freestanding 
unit may result in somewhat lower 
costs. Our experience would indicate 
that a hospital ambulatory surgical 
unit can provide patients with the 
same “personalized red-carpet treat- 
ment” and provide high quality care 
at a significant reduction in cost as 
does the Phoenix Surgicenter. Our ex- 
perience further indicated that these 
advantages can be provided in a 
teaching hospital in an urban setting. 
Admitting our personal bias, we cer- 
tainly prefer the security of the 
backup facilities provided by a gen- 
eral hospital. 


Conclusion 


A 15-month experience with an am- 
bulatory surgical unit has been pre- 
sented. High quality medical care has 
been rendered to patients undergoing 
surgical procedures as outpatients, 
while inpatient bed utilization and 
hospitalization costs were dramati- 
cally reduced. An ambulatory surgical 
unit is a viable alternative to in- 
patient hospitalization. 

In the interests of good quality 


PLS, (IE PS EP Eas CS SE ihe ae 
aa - - a i y aeaa be ee a byt A GFS Er 

i PAL RD, G0 ae NS Ai 
’ . > > = Y € r ’ Fe P 


rA aa AAR 
TIMES 


A 


medical care, and in the interest of 
controlling spiraling medical costs, 
we believe the patient, physician, hos- 
pital, and third party payor should in- 
sist on the performance of surgical 
procedures on an outpatient basis 
when feasible. 
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The Use of Pure Carbon for 
Permanent Percutaneous Electrical 


Connector Systems 


Vert Mooney, MD; David B. Hartmann, MD; Donald McNeal, PhD, Downey, Calif; Jim Benson, Irvine, Calif 


Pure carbon has been used clinically for 
percutaneous passage at Rancho Los Amigos 
Hospital. In the first phase, from 1968 to 
early 1972, over 40 carbon devices were im- 
planted in the skin of volunteer patients and 
staff to test the potential use of this material 
for a dry, infection-free skin intrusion. In the 
second phase, during the past year, 20 func- 
tional devices were implanted in patients 
and volunteers for muscle stimulation and 
the control of pain. The success of the de- 
vices to achieve infection-free skin passage 
has given us sufficient confidence to pro- 
pose an extensive clinical trial for biomedical 
connector systems. 


he infection-free passage of a 

device through skin offers an op- 
portunity for expanded use of various 
modern medical engineering assist 
devices. For instance, if one could de- 
velop a permanent percutaneous de- 
vice, several opportunities in the area 
of implanted electrical devices be- 
come apparent. Rechargeable bat- 
teries, which would be smaller and 
more reliable than current power 
sources, could be used. Using an elec- 
trical connector system, routine re- 
charging could be available through 
such a connect-disconnect system. 


Permanent connectors could be 
constructed that would monitor bioe- 
lectrice signals necessary to control 
various assist devices. The simplest 
example would be bioelectric signals 
from a synergetic muscle that would 
control externally-powered pros- 
theses or braces. Currently, one of the 
limits of successful bioelectric devices 
is inability for receiver systems to 
receive a “pure signal” by way of sur- 
face electrodes. Cardiac electrical ac- 
tivity could be permanently moni- 
tored. Metabolic functions such as 
blood glucose levels could be precisely 
monitored and in turn trigger appro- 
priate pharmacological response. 

The ability to achieve precise and 
controlled stimulation of nervous tis- 
sue offers an unusual opportunity for 
improved function. When permanent 
connections with the nervous system 
are available, partially paralyzed 
muscles or those paretic secondary to 
upper motor neuron disease could be 
functionally stimulated by external 
power and control sources. Using 
temporary connector systems, precise 
stimulation of musculature following 
reconstructive surgery would allow 
controlled joint and muscle activity, 
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without the need of cerebral partici- 
pation with its associated psychologi- 
cal and motivational variabilities. 
Using permanent percutaneous de- 
vices, pain that can be anatomically 
localized would be overwhelmed by 
electrical stimulation of the nervous 
system at a rate and frequency that 
is not noxious. 

The suggestions mentioned above, 
as well as many others that come to 
mind in such areas as nonelectrical 
power assists, fluid conduits, substi- 
tute sphincters, all these await a per- 
manent, infection-free skin intrusion. 
It is the purpose of this article to de- 
scribe our experience with a system 
that gives promise for the achieve- 
ment of permanent skin intrusion. 


Background 


The search for a permanent, infec- 
tion-free percutaneous passage at 
this facility began with-an attempt to 
achieve the skeletal fixation of a limb 
prosthesis. The first human implanta- 
tion of such a device was performed 
here in 1968 with the skin interface 
portion of the device utilizing a Dac- 
ron velour backed by silicone elasto- 
mer. This method was suggested by 
Hall et al,' who used it on several ani- 
mals; however, eventually all failed. 
In our experience, persistent mois- 
ture was always present at the skin- 
Dacron velour interface, presumably 
due to the repeated superficial tear- 
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ing at that interface. This drainage 
progressed to infection of the entire 
fixation device and therefore, as with 
the animal experiments of Hall et al, 
the devices had to be removed. 

In 1968, we were made aware of a 
new material, vitreous carbon, that 
was considered to be biologically inert 
because of its extreme purity. About 
the time of the failure of our skeletal 
fixation device, the potential of this 
material was graphically demon- 
strated to us. A tiny carbon peg pro- 
truded without drainage through the 
skin of the arm of an engineer (J.B.) 
who was convinced of its biomedical 
applications. Thus, beginning in 1968, 
various vitreous carbon devices have 
been implanted into the skin of over 
50 volunteer patients and staff mem- 
bers at Rancho Los Amigos Hospital. 
Increasingly favorable clinical experi- 
ence has encouraged us to pursue the 
use of this material in various designs 
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Fig 2.—System for regional stimulation, eg, pain control. 





Fig 4.—System for individual muscle stimulation. 
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for permanent percutaneous pas- 
sage.” 

The first application of pure carbon 
for the percutaneous passage of elec- 
trical signals was reported by Kade- 
fors and Reswick.* They used a 
2-mmX4-mm dumbbell-shaped piece 
of vitreous carbon supplied by Benson 
to facilitate the long-term monitor- 
ing of myoelectric signals from fore- 
arm musculatures. One flange of the 





Fig 1.—Carbon collar button in upper arm 
of volunteer at 26 months. 
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device lay in the subdermal layer, 
with the remainder of the device pro- 
truding externally for about 2 mm. 
These authors were pleased with the 
low impedance which they recorded, 
and in the five months of the experi- 
ment noted no significant interface 
problem. 

At Rancho Los Amigos, a device 
using pure carbon over a silicone 
elastomer cylinder and a silicone 
elastomer flange faced with Dacron 
velour in the subcutaneous tissue was 
used for the skeletal suspension of a 
limb prosthesis in two patients.‘ This 
particular application demonstrated a 
satisfactory seal at the skin interface 
over a prolonged period of time. Due 
to chronic infection at the bone (not 
at the skin interface), both of these 
devices had to be removed after about 
six months. Drainage from the os- 
teomyelitis appeared around the 
metal pin in the center of the device 
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Fig 3.—System for localized motor point stimulation. 


Fig 5.—System for neuroelectrodes or other wire electrodes. 
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rather than around the carbon, which 
implied failure of the bond between 
the pin and the silicone elastomer 
rather than failure of the interface 
between skin and carbon. 

With the need at this facility to ac- 
tivate nerves and muscles electrically 
in various types of chronic patients, a 
system of devices was designed to fa- 
cilitate long-term neuromuscular 
stimulation. 


Material 


Pure carbon in the vitreous or glassy 
form is a relatively new type of material. 
It was first developed and characterized in 
England in 1963 and initially patented by 
Plessy Co., Ltd. of Great Britain. Its origi- 
nal development was an outgrowth of 
space travel needs. To be able to withstand 
the environmental rigors of rocket engines 
and reentry shields, a nondestructable, 
very tough material was necessary.’ The 
remarkable purity of this material, how- 
ever, was soon recognized and its potential 
biological significance suggested.’ In 1967, 
the Technology Utilization Office of the 
National Aeronautics and Space Adminis- 
tration, through contract with the Rock- 
etdyne Division of North American Avia- 
tion Co., began to promulgate the potential 
biological applications of vitreous carbon 
to the medical field.’ 

Vitreous (glassy) carbon might be more 
properly referred to as polymeric carbon 
as it is, in fact, a pseudomorph after the 
polymer from which it is derived. It has 
been described as “a network structure 
consisting of tangled ribbon molecules 
which are cross-linked by highly strained 
carbon-carbon covalent bonds with a wide 
spectrum of bond energies.” This material 
is derived through pyrolysis (thermal deg- 
radation) of any of several aromatic 
thermosetting polymers. It is a hard, im- 
permeable solid with a specific gravity of 
less than 1.5. It has good electrical and 
thermal conductivity (comparable to series 
300 stainless steel) and is chemically inert 
to all known reagents at ambient tempera- 
tures. Its hardness, approximately 8 Mohs, 
and impermeability enable it to accept a 
high surface polish. It appears to have zero 
polarization potential in the bioenviron- 
ment, and shows no galvanic activity with 
saline solutions. 

The average purity of commercial mate- 
rial ranges from 50 to 200 ppm of ash (im- 
purity content), and this can be substan- 
tially improved by closely controlling the 
manufacture of the precursor polymer. 
Physical properties are satisfactory for 
bioapplication with a tensile strength near 
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Fig 6.—Carbon devices implanted in skin over pain points for electrical stimulation to 


block pain. 


1,406 kg/sq cm, compressive strength of 
7,030 kg/sq cm, and a Young’s modulus of 
3 to 4 million. x10°, 

All of the carbon devices implanted in 
this study are characterized as vitreous 
carbon and were manufactured by Benson. 

An alternative form of pure carbon 
which apparently has similar biological ac- 
tivity and surface characteristics is pyro- 
lytic carbon. Although this materia] was 
not used in the applications reported here, 
there is no reason to suspect that it would 
not be equally as successful. This material 
is created by the gas deposition of ele- 
mental carbon on a graphite substrate. Py- 
rolytic carbon is somewhat tougher than 
vitreous carbon, and the fracture stress of 
high density pyrolytic carbons is about two 
times larger than that of the glassy car- 
bons.” Technical limitations on the thick- 
ness of pyrolytic carbon coatings that can 
be obtained tend to constrain exploitation 
of this advantage. 

Carbon has been used with considerable 
success in dental implants. Over 100 have 
been performed with no reported infec- 
tions. ° 


Clinical Application 


The most prolonged use of pure car- 
bon for infection-free percutaneous 
passage is in the skin overlying the 


right deltoid of a healthy, active man 
(V.M.). This was implanted in March 
1971, and at the time of this writing 
has not been inflamed, drained, or ex- 
truded. As in the case of all other 
pure carbon percutaneous appli- 
cations, no specific precautions are 
taken once the skin has healed. No 
dressings protect the protruding de- 
vice, and no special medications are 
applied to the skin. The subject par- 
ticipates in all normal activities such 
as surfing, tennis, skiing, and swim- 
ming. There is no discomfort related 
to this device in any way (Fig 1). 
There is no functional application of 
this implant, and it is used strictly to 
monitor long-term tissue reaction. 

Several approaches using carbon 
for neuroelectric stimulation have 
been developed. All of them use a ba- 
sic carbon device based on a design of 
Benson (Fig 2 through 5). All four 
types have been implanted in volun- 
teer patients and are functional. In 
the initial devices, the connector sys- 
tem was unreliable; therefore, the 
electrical connection was through 
wires permanently attached by con- 
ductive epoxy cement. 
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Fig 7.—Carbon electrode over motor point 
of peroneal muscles. 





Fig 9.—Carbon device containing connec- 
tor to neuroelectrode. 


Report of Cases 


Approach 1.—A 55-year-old woman. with 
severe arachnoiditis following multiple 
surgical procedures on her thoracic and 
lumbar spine was admitted to the Problem 
Back Treatment Center with anticipation 
of the implantation of a dorsal column 
stimulator. After thorough work-up and 
investigation of her anatomic as well as 
psychological status, it was apparent that 
she had true anatomic sources of pain. Em- 
pirically, it was found that various sites on 
her skin acted as trigger points and, when 
electrically stimulated with a cutaneous 
stimulating device, consistent and persist- 
ent relief of her pain could be attained. Be- 
cause maintaining moist surface elec- 
trodes was extremely inconvenient, 
especially in the upper thoracic area, two 
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Fig 8.—Myoelectrodes with permanent wire connections and modified bayonet forceps for 


insertion. 
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Fig 10.—Patient with stimulator to exercise quadriceps muscles connected through car- 


bon device. 


carbon buttons were implanted under local 
anesthesia over the trigger point sites. 
These were then connected by wire to the 
transistor radio-sized cutaneous stimulat- 
ing device. This patient is tolerating the 
stimulation very well, and no longer needs 
the narcotics which she was taking when 
admitted. There are currently no problems 
with the skin interface, which remains dry, 
noninflammatory, and nontender. At one 
point, one of her carbon electrodes was re- 
peatedly traumatized, and a small amount 
of drainage developed. This was treated by 
minimizing trauma to the area and care- 
fully cleansing the device several times a 
day. The inflammation and drainage sub- 
sided completely, and the devices remain 
in use six months postimplantation (Fig 6). 

Five other applications using the same 
devices have been done for muscle stimula- 
tion and for the control of pain. Currently, 


all skin interfaces remain without gross in- 
fection. 

Approach 2.—This type of device has 
been implanted in one volunteer. It over- 
lies the peroneal nerve just anterior to the 
neck of the fibula. Its purpose is to test the 
efficiency of stimulating the dorsiflexion 
musculature of the right foot for correc- 
tion of foot-drop secondary to upper motor 
neuron disease through a carbon device. 
Although the skin interface has not been a 
problem, the mode of energy transmission 
is not well understood, and at this time 
stimulation through the device is no less 
painful than with surface stimulators. The 
only advantage at present is convenience 
of electrode placement. At the present 
time, we feel that improved design of the 
electrode can correct this phase of the 
problem (Fig 7). 

Approach 3.—A 27-year-old patient with 
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Fig 11.—Carbon device with perforated 
flange for anchoring. 


severe flexion contractures of her left 
lower extremity secondary to spasticity 
from a head injury had contractures that 
prevented adequate nursing care to the pa- 
tient’s decubitus ulcers. The deformities 
were relieved surgically, and in order to 
prevent reforming of contractures, myoe- 
lectrodes were implanted into the quadri- 
ceps muscle group for chronic stimulation. 
The implantation was performed by in- 
serting the myoelectrode into the muscle 
through a small incision. The carbon device 
was slid subcutaneously to a small hole 
created by a cork borer in the skin. Stimu- 
lators are connected to the carbon device 
at regular intervals (Fig 8). 

Approach 4.—A 50-year-old man devel- 
oped flexion contractures of his hips and 
knees secondary to spasticity from an old 
tuberculous meningitis. The patient had 
major decubitus ulcers over both trochan- 
ters and his sacrum, and because of the 
contractures of his knees it was impossible 
to place the patient in a prone position. He 
underwent surgical release of the flexion 
contractures; however, this failed to cor- 
rect his deformity completely because of 
its long-standing nature and the contrac- 
tures of nonmuscle tissue crossing the 
knee joint. An electrode was placed around 
the femoral nerve and the wire from this 
electrode brought out through the skin 
through a carbon collar (Fig 9). Regular 
stimulation was initiated to exercise the 
patient’s quadriceps musculature, and vir- 
tually full extension was achieved. After 
four weeks the patient could be turned to a 
prone position, and his decubitus ulcers 
have improved considerably. The patient is 
now up in a wheelchair, and his care is such 
that he may be returned home rather than 
to a nursing home (Fig 10). 


Comment 


This article demonstrates some of 
the potential applications of pure car- 
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Fig 12.—Gross specimen of carbon device 
with skin apposed to carbon. 


bon connector devices for permanent 
percutaneous passage of electrical 
signals. Many other applications 
come to mind, and by no means is this 
meant to be a comprehensive discus- 
sion of the use of such devices in med- 
icine. However, several points are 
worth emphasizing. 

The most important factor in de- 
termining the success of a permanent 
percutaneous passage device is the 
absence of drainage around the de- 
vice. As long as this interface re- 
mains dry, a bacteriostatic seal will 
be maintained. There are two ap- 
proaches to the design of percu- 
taneous passage devices. One entails 
the ingrowth of epithelial and subcu- 
taneous tissues into the device, 
whereas the other expects the seal to 
be maintained by close apposition of 
dry epithelium to the device. Because 
devices and materials brought 
through the skin have an elasticity 
different than that of skin, any mo- 
tion of the skin will produce shear 
forces at the interface. These forces 
will be of sufficient magnitude to dis- 
rupt any fingers of tissue that have 
grown into the device. Thus, an in- 
growth device in the functional state 
will always be surrounded by micro- 
hemorrhage and necrotic cellular 
debris. This environment is most con- 
ducive to infection and, ultimately, 
extrusion. 

The smooth nonporous surface of 
the carbon implant allows the surface 
epithelium to grow up to the device 
and then turn down along the neck. 
The cells continue to desquamate in 
the most outer portions of the down- 
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Fig 13.—Same specimen as in Fig 12. 
Note scar tissue and regeneration epithe- 
lium growing up to and down along carbon 
device (device removed before sectioning) 
(hematoxylin-eosin, original magnification 
x 50). 
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Fig 14.—Epithelium “turning the corner.” 
Note absence of inflammatory reaction 
(hematoxylin-eosin, original mangification 
x 100). 


Fig 15.—Normal skin cell architecture in 
apposition to carbon device (hematoxylin- 
eosin, original magnification x 200). 
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Fig 16.—Rancho connector system. Carbon shell contains insulated metal rings which 
grip prongs of spring-loaded connector. Internal and external connections allow system to 
be used on many electrica! transmission systems. 


growth, and therefore improve the 
dry seal that is achieved. Once epithe- 
lial downgrowth has been achieved, a 
gradual transition into a modified 
epithelial cell type occurs and en- 
capsulates the remainder of the de- 
vice. These are not desquamating 
cells and seem to remain viable in di- 
rect physical apposition to the mate- 
rial, presumably because of the inert 
characteristic of the carben material. 
Resistance to torque forces is 
achieved by perforating the flange 


_ (Fig 11), but this is not necessary to 


avoid extrusion of the device. In none 
of the implanted devices to date has 
there been any problem with at- 
tempts at extrusion or rejection of 
the carbon device by the <issues (Fig 
12 through 15). 

General clinical application of per- 
cutaneous electrical connector sys- 
tems depends on a standardized sys- 
tem that can be used for multiple 
internal electrical energizing or 
monitoring phenomena. The Rancho 
connector system is depicted in Fig 
15. As is evident, a firm electrical con- 
nection is made by the spring-loaded 
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connector to the metal rings inside 
the carbon shell. These are insulated 
so as to produce independent circuits. 
The device has the capability of con- 
nections to any form of electrical 
power source on the outside as well as 
any form of electrode on the inside by 
standardizing the connection which 
may be applicable. Possible appli- 
cations are electrodes to nerves and 
muscles for stimulation or recording, 
problem pacemaker leads, bone stim- 
ulation electrodes, or  battery-re- 
charging connections. The system as 
depicted is currently under consid- 
eration by several engineers for fab- 
rication. 
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Editorial Comment 


The implications of the work reported by 
Dr. Mooney are particularly intriguing 
when one considers the potential medical 
applications. The problems, particularly in- 
fection, associated with transcutaneous 
passage of foreign objects from intra- 
venous needles to skeletal pins are well 
known to all surgeons. Of primary interest 
is the tissue response to pure vitreous car- 
bon implants. The ingrowth of skin along 
the implant, as opposed to fibrous tissue, 
apparently provides .an excellent seal 
against infection. This characteristic has 
permitted implantation for more than two 
years. The application of vitreous carbon 
connector systems for myoelectric control 
of prosthetic devices should be much better 
than current systems using cutaneous elec- 
trodes. Other carbon sources have been 
used for cardiac valve replacements and 
dental implants. The ability to maintain a 
permanent percutaneous stoma may be of 
value for chronic peritoneal lavage. Other 
applications could be for transmission of 
energy and controls for a mechanical heart 
or other types of implants requiring exter- 
nal power sources or controls. If the initial 
promise of vitreous carbon plugs for trans- 
cutaneous passage continues for long-term 
usage, the applications will be limited only 
by clinical needs and engineering in- 
genuity. 

DONALD B. KETTELKAMP, MD 
Little Rock, Ark 
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Lederle Laboratories presents — 
EXPLORATIONS IN ANTIMICROBIAL THERAPY 


microbial specificity in a wide range of 
hospital infections due to susceptible 
pathogens* 





MINOCYCLINE HCI 
INTRAVENOUS 100 mg/vial 


Meets bacterial 
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in the hospital 









MINOCIN Minocycline HCI 
Intravenous administered 
in dosages identical to 
the usual oral regimen of 
MINOCIN, 200 mg 
initially, 100 mg q. 12 h., 
provides prompt 
antimicrobial serum 
levels to control in- 
fections caused by 
susceptible patho- 
gens in the hospital. 


importance, such as 
susceptible Bacteroides sp., 
Clostridium sp. and Mima- 
Herellea sp., implicated 
in postsurgical G.I. and 
G.U. infections; and 
against populations of 
ecognized importance 
such as £. coli and 
Klebsiella sp. (See 
Table Il.) 


MINOCIN I.V. used 


MINOCIN can be as recommended 
effective in the rarely results in 
treatment of pneu- thrombophlebitis. 
monia, skin and If MINOCIN I.V. is 
soft tissue infec- given over pro- 
tions, bacteremia longed periods, 


however, throm- 


and septicemia. In 
bophlebitis may 


hospital infections, 


it can be useful occur. In all appli- 
against populations Cable cases, oral 
of pathogens MINOCIN should be 


instituted as soon as 


assuming increasing | 
possible. 


*When bacteriologic testing indicates appropriate 
susceptibility to MINOCIN Minocycline HCI. 


MINOCIN minocycline HCI 


penetration levels after oral administration: 
respiratory, G.I., G.U. and other tissues/fluids 
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The major part of the data in humans was derived from the pharmacologic trial in patients scheduled for various types of surgery. 
They were given the MINOCIN loading dose of 200 mg initially followed by 100 mg at 12-hour intervals for four days. At the time of 
surgery. a blood sample was drawn and a two-gram specimen of excised tissue was reserved for analysis. 


TABLE Il 


IN VITRO ACTIVITY+ OF MINOCIN Minocycline HCI 
AGAINST 421 STRAINS OF VARIOUS BACTERIA, 
INCLUDING PATHOGENS AND NONPATHOGENS?}+ 


PENETRATES SITES OF INFECTION TO 
OVERCOME SUSCEPTIBLE HOSPITAL PATHOGENS* 


SITES OF SURGERY/INFECTION NUMBER OF 














PATHOGEN™ (NOT INCLUSIVE) ORGANISM TESTED MUACTIVITY 
Bacteroides sp. Gallbladder 4 j 
“pest it aes Staphylococcus aureus 56 56 E 
Diplococcus pneumoniae 35 31 me. 
Clostridium sp. Gallbladder Streptococcus, group A 63 57 2 
Streptococcus, group B 12 6 5 
E. coli gonne Streptococcus, group C 3 3 | 
G.U. Tract Streptococcus, group G 3 3 
Streptococcus viridans 31 30 
Klebsiella sp: Respiratory Tract Enterococcus 36 6 k 
G.U. Tract Neisseria gonorrhoeae 25 21 a 
Hemophilus influenzae 15 1 a 
D. pneumoniae Respiratory Tract Fcohasichia Coll 48 32 a 
“i 
Enterobacter G.I. Tract eroras TEI as 5 ; 
(Aerobacter) G.U. Tract Klebsiella 7 9 
Enterobacter aerogenes 3 3 2 
H. influenzae Respiratory Tract Enterobacter cloacae 7 3 : 4 
Serratia 4 4 A 
Enterococcus Lower Bowel Herellea 7 7 b 
uriy Mima polymorpha 1 1 b 
ANE E: digesta Pseudomonas aeruginosa ++ 15 6 d 
Vaginal Tract ‘ | 
Staphylocoecus aureus*** Skin and Soft Tissue 


*When bacteriologic testing indicates appropriate susceptibility to 
MINOCIN Minocycline HCI. 
**MINOCIN not active against Proteus sp. or Pseudomonas. 

*** Tetracyclines are not the drug of choice in the treatment of any type of 
staphylococcal infections. MINOCIN is indicated for treatment of 
Staphylococcus aureus in skin and soft tissue infections only when 
bacteriologic tests indicate appropriate susceptibility to the drug. 


+ No direct correlation should be inferred between in vitro and 
in vivo activity. 
++ No approved clinical indication for MINOCIN therapy in infections 
due to Proteus sp., Pseudomonas. 


-+++ Includes two strains of P. morganii and P. rettgeri and 32 of 
P. mirabilis. ; 


Before prescribing MINOCIN, please refer to the prescribing information for full description 
of adverse effects and precautions, a copy of which is on the last page of this advertisement. 





the meaning of microbial specificity with 





MINOCYCLINE HCI 


semisynthetic tetracycline 
for office and hospital 


MINOCIN provides 
effective therapy with 
relatively few problems 


@ Penetrates tissues of respiratory, G.I. and 
G.U. tracts, skin and muscle. 


@ No photosensitivity to date. 


@ Well absorbed even with food, dairy 
oroducts or colas. 


@ Enamel hypoplasia/tooth staining can 
occur in children under eight. 


@ If renal impairment exists, lower than 
usual doses are indicated. (See WARNING 
in Package Insert.) 


@ Lightheadedness that may occur Is tran- 
sient, disappearing during therapy or always 
after therapy is completed. 


@ Dosage form flexibility: supplied as 50 mg 
and 100 mg capsules, 50 mg/5 cc syrup, and 
100 mg/vial intravenous. 


Lederle Laboratories 
ederle A Division of American Cyanamid Company 
Pearl River, N.Y. 10965 
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50 mg 
CAPSULE 


...if more 
frequent doses 
are preferred 
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MINOCIN’ Minocycline Hydrochloride 


Oral and Intravenous 


DESCRIPTION: MINOCIN minocycline hydrochlo- 
ride is a semi-synthetic derivative of tetracycline. 
7-dimethylamino-6-deoxy-6-demethyltetracycline 
hydrochloride. 


Intravenous: Each vial, dried by cryodesiccation, 
containssterile Minocycline Hydrochloride equiva- 
lent to 100 mg. Minocycline. When reconstituted 
with 5 cc. of Sterile Water For Injection the pH 
ranges from 2 Oto 2 8. 


ACTIONS: Microbiology. The tetracyclines are pri- 
marily bacteriostatic and are thought to exert their 
antimicrobial effect by the inhibition of protein syn- 
thesis. Minocycline HCI is a tetracycline with anti- 
bacterial activity comparable to other tetracyclines 
with activity against a wide range of gram-negative 
and gram-positive organisms 

Tube dilution testing: Microorganisms may be 
considered susceptible (likely to respond to mino- 
cycline therapy) if the minimum inhibitory concen- 
tration (M.1.C.) isnot more than 4.0 mcg./ml. Micro- 
organisms may be considered intermediate 
(harboring partial resistance) if the M.I_C. is 4.0 to 
12.5 mcg./ml. and resistant (not likely to respond to 
minocycline therapy) if the MIC. ts greater than 
12.5 mcg./ml. 

Susceptibility plate testing: If the Kirby-Bauer 
method of susceptibility testing (using a 30 mcg. 
tetracycline disc) gives‘a zone of 18 mm. or greater. 
the bacterial strain is considered to be susceptible 
to any tetracycline. Minocycline shows moderate 
in vitro activity against certain strains of 
staphylococci which have been found resistant to 
other tetracyclines. For such strains minocycline 
susceptibility powder may be used for additional 
susceptibility testing. 


INDICATIONS. MINOCIN minocycline HCI is indi- 
cated in infections caused by the following micro- 
organisms 

Rickettsiae: (Rocky Mountain spotted fever, ty- 

phus fever and the typhus group, Q fever, rickett- 

sialpox, tick fevers.) 

Mycoplasma pneumoniae (PPLO, Eaton agent) 

Agents of psittacosis and ornithosis. Agents of 

lymphogranuloma venereum and granuloma in- 

guinale. The spirochetal agent of relapsing fever 

(Borrelia recurrentis). The following gram-nega- 

tive micro-organisms: Hemophilus ducreyi 

(chancroid). Pasteurella pestis and Pasteurella 

tularensis. Bartonella bacilliformis, Bacteroides 

species. Vibrio comma and Vibrio fetus. Brucella 
species (in conjunction with streptomycin). 

Because many strains of the following groups of 
micro-organisms have been shown to be resistant 
to tetracyclines, culture and susceptibility testing 
are recommended. 

MINOCIN minocycline HCI is indicated for treat- 
ment of infections caused by the following gram- 
negative micro-organisms, when bacteriologic test- 
ing indicates appropriate susceptibility to the drug: 

Escherichia coli, Enterobacter aerogenes (for- 

merly Aerobacter aerogenes). Shigella species. 

Mima species and Herellea species. Haemo- 

philus influenzae (respiratory infections), Kleb- 

siella species (respiratory and urinary infections). 

MINOCIN is indicated for treatment of infections 
caused by the following gram-positive micro-or- 
ganisms when bacteriologic testing indicates ap- 
propriate susceptibility to the drug: 
Streptococcus species: Up to 44 percent of strains 
of Streptococcus pyogenes and 74 percent of 
Streptococcus faecalis have been found to be re- 
sistant to tetracycline drugs. Therefore, tetracy- 
clines should not be used for streptococcal disease 
unless the organism has been demonstrated to be 
sensitive. 

For upper-respiratory infections due to group A 
beta-hemolytic streptococci. penicillin is the usual 
drug of choice, including prophylaxis of rheumatic 
fever 


a a a a yee CT aT ee  : ST ee 
i r Per. : pe Gos Mower DOSAGE — | PEDIATRIC DOSAGE © | 
FORM » . (GENERAL) (GENERAL) 


HOW SUPPLIED pg 


MINOCIN IV. 
100 mg/Vial 


1 Vial 100 mg 


4 mg/kg initially, 
a Box of 100 Vials 


200 mg initially, 
2 mg/kaq. 12h. 


100 mg q. 12h. 


Eenum Bottles of 50's and 100's; 


200 mg initiall 
3 4 Unit dose 10 x 10's. 


4 mg/kg initially, 
100 mg q. 12h. 


2 mg/kgq. 12h. 


100 mg or 200 mg 
initially, 50 mg 
q.i.d. 


MINOCIN Capsules 


| 50mg 4 mg/kg initially. 


2 mg/kgq. 12h. Bottles of 100's 


MINOCIN Syrup 

50 mg/5 cc 
2 teaspoonfuls 
(100 mg) initially, 
1 teaspoonful 


4 mg/kg initially. 


2 mg/kg q. 12h. 2-filuidounce Bottles 


Diplococcus pneumoniae, 

Staphylococcus aureus, skin and soft tissue infec- 
tions. Tetracyclines are not the drug of choice in the 
treatment of any type of staphylococcal infection. 

When penicillin is contraindicated, tetracyclines 
are alternative drugs in the treatment of infections 
due to: 

Neisseria gonorrhoeae, Treponema pallidum and 

Treponema pertenue (syphilis and yaws), Listeria 

monocytogenes, Clostridium species, Bacillus 

anthracis, Fusobacterium fusiforme (Vincents 
infection), Actinomyces species. 

In acute intestinal amebiasis, the tetracyclines 
may be a useful adjunct to amebicides. 

MINOCIN isindicated in the treatment of tracho- 
ma, although: the infectious agent is not always 
eliminated, as judged by immunofluorescence. In- 
clusionconjunctivitis may be treated with oral tetra- 
cyclines or with a combination of oral and topical 
agents. 


Oral only: In severe acne. the tetracyclines may 
be useful adjunctive therapy. Minocycline is indi- 
cated in the treatment of asymptomatic carriers of 
N. meningitidis to eliminate meningacocci fromthe 
nasopharynx. 

In order to preserve the usotuineas of MINOCIN 
minocycline HCI in the treatment of asymptomatic 
meningococcal carriers, diagnostic laboratory pro- 
cedures, including serotyping and susceptibility 
testing. should be performed to establishthe carrier 
state and the correct treatment. It is recammended 
that the drug be reserved for situations in which the 
risk Of meningococcal meningitis is high. 

Minocycline is not indicated for the treatment of 
meningococca! infection. 


CONTRAINDICATIONS. This drug is contraindi- 
cated in persons who have shown hypersensitivity 
to any of the tetracyclines. 


WARNINGS. in the presence of renal dysfunction. 
particularly in pregnancy, intravenous tetracycline 
therapy in daily doses exceeding 2 grams has been 
associated with deaths through liver failure. 
eee the need for intensive treatment outweighs 
tential dangers (mostly during pregnancy or in 
RaRAdbsls with known or suspected renal or liver 
n, itisadvisableto performrenal andliver 
function tests before and during therapy. Also tetra- 
cyeline serunmrconcentrations should be followed. 
if renal impairment exists, even usual oral or par- 
enteral doses may leadto excessive systemic accu- 
mulation of the drug and possible liver toxicity. 
Under such conditions, lower than usual total doses 
are indicated. and if therapy is prolonged, serum 
level determinations of the drug may be advisable. 
This hazard is of particular importance in the paren- 
teral administration of tetracyclines to pregnant or 
post-partum patients with pyelonephrtis. When 
used under these circumstances, the blood level 
sheuld not exceed 15 micrograms/ml. and liver 
function tests should be made at frequen: intervals. 
Other potentially hepatotoxic drugs should not be 
prescribed concomitantly. 

The use of setrecyesiries during tooth develop- 
ment (last half of pregnancy, infancy, and childhood 
to the age of 8 years) may cause permanent dis- 
coloration of the teeth (yellow-gray-brown). This ad- 
verse reaction is more common during long-term 
use of the drugs but has been observed following 
repeated short-term courses. Enamel ati ag 
has also been reported. Tetracyclines, therefore 
should not be used in this age group un'ess other 
drugs are not likely to be effective or are contra- 
indicated. 

Photosensitivity manifested by an exaggerated 
sunburn reaction has been observed in some indi- 
viduals taking tetracyclines. Patients apt to be ex- 
posed to direct sunlight or ultraviolet licht should 
be advised that this reaction can occur with tetra- 
cycline drugs, and treatment should be discontin- 
ued at the first evidence of skin erythema. Studies 
todateindicatethat photosensitivity Goes not occur 
with MINOCIN minocycline HCI. 


(50 mg) q.i.d. 





The antianabolic action of the tetracyclines may 
cause an increase in BUN. While this is not a prob- 
lem in those with normal renal function, in patients 
with significantly impaired function. higher serum 
levels of tetracycline may lead to azotemia, hyper- 
phosphatemia, and acidosis. 

CNS side effects including lightheadedness, diz- 
ziness or vertigo have been reported. Patients who 
experience these symptoms should be cautioned 
about driving vehicles or using hazardous machin- 
ery while on minocycline therapy. These symptoms 
may disappear during therapy and always dis- 
appear rapidly when the drug is discontinued. 


Usage in Pregnancy. (See above Warnings about 
use during tooth development.) 

Results of animal studies indicate that tetracy- 
clines cross the placenta, are found in fetal tissues 
and can have toxic effects on the developing fetus 
(often related to retardation of skeletal develop- 
ment). Evidence of embryotoxicity has also been 
noted in animals treated early in pregnancy. 


Usage in newborns, infants, and children. (See 
above Warnings about use during tooth develop- 
ment.) 

Alltetracyclines form a stable calcium complex in 
any bone forming tissue. A decrease in the fibula 
growth rate has been observed in prematures given 
oral tetracycline in doses of 25 mg./kg. every 6 
hours. This reaction was shown to be reversible 
when the drug was discontinued. 

Tetracyclines are present in the milk of lactating 
women who are taking a drug in this class. 


PRECAUTIONS. As with other antibiotics prepara- 
tions. use of this drug may result in overgrowth of 
nonsusceptible organisms, including fungi. If super- 
infection occurs, the antibiotic should be discon- 
tinued and appropriatetherapy should be instituted. 

In venereal diseases when coexistent syphilis is 
suspected, darkfield examination should be done 
before treatment is started and the blood serology 
repeated monthly for at least 4 months. 

Because tetracyclines have been shown to de- 
press plasma prothrombin activity. patients who are 
on anticoagulant therapy may require downward 
adjustment of their anticoagulant dosage. 

In long-term therapy. periodic laboratory evalua- 
tion of organ systems, including hematopoietic. 
renal and hepatic studies should be performed, 

All infections due to Group A beta-hemolytic 
streptococci should be treated for at least 10 days. 

Since bacteriostatic drugs may interfere with the 
bactericidal action of penicillin, it is advisable to 
avoid giving tetracycline in conjunction with peni- 
cillin. 


ADVERSE REACTIONS. Gastrointestinal: Ano- 
rexia, nausea, vomiting, diarrhea, glossitis, dys- 
phagia. enterocolitis, and inflammatory lesions 
(with monilial overgrowth) in the anogenital region. 

These reactions have been caused by both the 
oral and parenteral administration of tetracyclines. 
Skin: Maculopapular and erythematous rashes. 
Exfoliative dermatitis has been reported but is un- 
common. Photosensitivity is discussed above (See 
“Warnings. ) Renal toxicity: Rise in BUN has been 
reported and is apparently dose related. (See 
‘Warnings ”“) Hypersensitivity reactions: Urticaria, 


angioneurotic edema, anaphylaxis, anaphylactoid — 


purpura, pericarditis and exacerbation of systemic 
lupus erythematosus. Bulging fontanels have been 
reported in young infants following full therapeutic 
dosage. This sign disappeared rapidly when the 
drug was discontinued. Blood: Hemolytic anemia, 
thrombocytopenia, neutropenia and eosinophilia 
have been reported. CNS: (See Warnings’) When 
given over prolonged periods, tetracyclines have 


beenreportedto produce brown-black microscopic _ 


discoloration of thyroid glands. No abnormalities 
of thyroid function studies are known to occur. 


DOSAGE AND ADMINISTRATION: ORAL. Therapy 


should be continued for at least 24-48 hours a se 


symptoms and fever have subsided y 

Concomitant therapy: Antacids containing 
aluminum. calcium. or magnesium impair absorp- 
tion and should not be given to patients taking oral 
tetracycline. 

Studiestodatehaveindicated that the absorption 
of MINOCIN is not notably influenced by foods and 
dairy products 

In patients with renal impairment: (See Warn- 
ings. ) Total dosage should be decreased by reduc- 
tion of recommended individual doses and/or by 
extending time intervals between doses. 

In the treatment of streptococcal infections. a 
therapeutic dose of tetracycline should be adminis- 
tered for at least 10 days. 

ADULTS: The usual dosage of MINOCIN minocy- 
cline HCI is 200 mg. initially followed by 100 mg 
every 12 hours: Alternatively if more frequent doses 
are preferred. two or four 50 mg. capsules may be 
given initially followed by one 50 mg. capsule four 
times daily 

CHILDREN: The usual dosage of MINOCIN mino- 
cycline HCI is 4 mg./Kg initially followed by 2 mg_/ 
Kg. every 12 hours 

Fortreatment of syphilis. the usual dosage of 
MINOCIN should be administered over a period of 
10-15 days Close followup. including laboratory 
tests. is recommended. 

Gonorrhea patients sensitive to penicillin may be 
treated with MINOCIN. administered as 200 mg. 
initially followed by 100 mg every twelve hours for 
a minimum of 4 days. with post-therapy cultures 
within 2-3 days 

In the treatment of meningococcal carrier state 
recommended dose is 100 mg every 12 hours for 
five days 


DOSAGE AND ADMINISTRATION: INTRAVE- 
NOUS. Note: Rapid administration is to be avoided. 
Parenteral therapy is indicated only when oral 
therapy is not adequate or tolerated Oral therapy 
should be instituted as soon as possible. If intrave- 
nous therapy is given over prolonged periods of 
time, thrombophlebitis may result. 

ADULTS: Usual adult dose: 200 mg. followed by 
100mg every 12 hours and should not exceed 
400 mg. in 24 hours The drug should be initially dis- 
solved and then further diluted to 500-1,000 cc. with 
either Sodium Chloride Injection USP. Dextrose. 
Injection USP, Dextrose and Sodium Chloride In- 
jection USP. Ringer's Injection USP. or Lactated 
Ringer's Injection USP but not in other solution 
containing calcium (a precipitate may form). 

The reconstituted solutions are stable at room 


temperature for 24 hours without significant loss of: 


potency. Any unused portions must be discarded 
after that period Thefinal dilution for administration 
should be administered immediately 


CHILDREN: Usual pediatric dose: 4 mg./kg. fol- 


lowed by 2 mg /kg. every 12 hours. 

In patients with renal impairment: (See Warn- 
ings. } 

Total dosage should be decreased by reduction of 
recommended individual doses and/or by extend- 
ing time intervals between doses. 


HOW SUPPLIED. Capsules—Minocycline Hydro- 
chloride equivalent to 100 mg. Minocycline. Hard- 
shell purple and orange. Bottles of 50 and 100; Unit 
Dose 10 x 10's. Product No. 5301. 

Minocycline Hydrochloride equivalent to 50 mg. 
Minocycline. Hardshell oran 9, Bottles of 100 and 
Unit Dose 10 x 10's. Product 

Syrup — Minocycline Hvarsebloride equivalent 
to 50 mg Minocycline per teaspoonful (5 cc ). Pre- 
served with propylparaben O 10% and butylparaben 
0.06% with Alcohol USP 5% v/v. Custard-flavored in — 


-bottles of 2 fl. oz. Product No. 5313. 


Intravenous—100 mg. vials of sterile cryodesic- 
cated powder. Product No. 5305. (Combined 5/73) 


MILITARY FSN 6505-149-0574 100 mg I.V. 


MILITARY FSN 6505-003-5112 p 
VA FSN 6505-003-5112A } 100 mg capsules fs ea 
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Post-operative ...recent surgery.. 
still confined to bed... 
or restricted ambulation... 





constipatt 


Constipating anateesiés and sedatives... 
immobilization...reduced food and fluid 
intake...constipation common... fecal 
impaction a threat to be avoided... 
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Gentle and predictable with 
colon-specific SENOKOT Tablets/ 
Granules. Virtually free from side 
effects in appropriate dosage. 


Supplied: SENOKOT Tablets 
(small, easy-to-swallow)—Bottles 
of 50 and 100. SENOKOT 
Granules (delicious, cocoa- 
flavored)—4, 8 and 16 ounce 

(1 Ib.) canisters. 
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Major Venous Anomalies 
Complicating Abdominal Aortic Surgery 


Bruee J. Brener, MD; 

R. Clement Darling, MD; 
Paul L. Frederick, MD; 
Robert R. Linton, MD, 
Boston 


Arch Surg/Vol 108, Feb 1974 


Four major anomalies of the venous sys- 
tem were encountered during abdominal 
aortic surgery. These were transposition of 
the inferior vena cava, duplication of the in- 
ferior vena cava, circumaortic venous collar, 
and retroaortic left renal vein. Although 
these anomalies are not common, each 
poses a particular problem related to its rec- 
ognition, protection from injury, and intra- 
operative management. 


perations on the abdominal 
aorta have become common- 
place. Approximately 33,000 abdomi- 
nal aortic grafts are inserted surgi- 
cally each year in this country; 17,000 
for aortoiliac occlusive disease and 
16,000 for aneurysmal disease.’ Al- 
though operative techniques have be- 
come standardized, the most trouble- 
some intraoperative hazard is not 
arterial, but venous hemorrhage. This 
is most often encountered during cir- 
cumferential dissection of the proxi- 
mal parts of the infrarenal aorta and 
common iliac arteries, and during re- 
section of the full-thickness back wall 
of the aorta. Several technical maneu- 
vers have been described? that protect 
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the normal venous structures from in- 
jury. Perhaps the best protection con- 
sists of familiarity with the normal 
venous anatomy and direct visual- 
ization of these structures. 

In contrast, there are several 
venous anomalies that are less well 
understood. These anomalies have 
been described in detail by anatom- 
ists*-'® but have received only sporadic 
attention in the surgical literature. ->° 
Four venous anomalies involving the 
inferior vena cava and the left renal 
vein deserve special attention. This 
report summarizes these surgically 
important variations, their approxi- 
mate incidence, and the means of 
their management when encoun- 
tered. 


Materials and Methods 


The records of patients who underwent 
operation on the infrarenal aorta by the 
two of us (R.C.D. and R.R.L.) during the 
period of 1959 through 1973 were reviewed. 
(Patients whose operations were confined 
to the aorta distal to the inferior mesen- 
teric artery were excluded.) Careful note 
was taken during the operative dissection 
of the anatomy of the inferior vena cava 
and the left renal vein, and operative dia- 
grams and appropriate photographs ac- 
companied the dictated notes. 


Results 


Normal Variants.—Several systems 
of classification have been devised to 


Abdominal Aortic Surgery/Brener et al 159 











describe the multitude of variations 
seen in the caval, renal, lumbar, 
azygos, prevertebral, and ascending 
lumbar venous systems.**'' From the 
point of view of the vascular surgeon, 
the variations involving the latter 
three systems are of limited impor- 
tance in aortic surgery, covered as 
they are by the psoas muscle. Several 
surgically significant “normal” vari- 
ations of the left lumbar system, how- 
ever, are of paramount importance 
and were frequently encountered. 
For example, the second and third 
left lumbar veins were frequently 
closely applied to the left lateral wall 
of the aorta and drained into the left 
renal vein in its caudal and posterior 
surface. These veins became quite im- 
portant during circumferential dis- 
section of the proximal part of the in- 
frarenal aorta and during dissection 
of the proximal part of the left renal 
artery. Further, a very large lumbar 
venous complex, consisting of the 
confluence of several lumbar veins, 
crossed transversely behind the aorta 
to insert at the third lumbar level. Al- 
though these veins were avoided by 
dissecting just below the renal ar- 
teries, they were often encountered 
during resection of the back wall of 
the aorta. Other normal variants have 
been described but are less impor- 
tant.®:*:!! 

Caval Anomalies.—Although many 
minor variations of the inferior vena 
cava have been described," two sig- 
nificant anomalies stand out, namely, 
transposition of the inferior vena 
cava (left-sided cava) and duplication 
of the inferior vena cava (persistent 
left cava). Three patients had a single 
left-sided cava, one associated with 
an aneurysm of the aorta and two 
with aortoiliac occlusive disease. In 
two patients, the left cava was closely 
applied to the left lateral aspect of 
the aorta and crossed anteriorly as it 
joined with the left renal vein to as- 
sume its normal suprarenal location 
(Fig 1). To facilitate dissection of the 
neck of the aneurysm in one patient, 
the cava was divided below the left 
renal vein. The caudal portion throm- 
bosed during the postoperative pe- 
riod. In a third patient the left-sided 
cava passed posterior to the aorta to 
assume its normal suprarenal loca- 
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Fig 1.—Anatomy, venography, and operative management of transposition of inferior 
vena cava (IVC). A, Left-sided cava covering neck of aneurysm. Right renal artery encircled 
with catheter. A,, Diagram of A. B, Inferior vena cavagram of another patient, demonstrat- 
ing crossing of cava to right at level of renal veins. C, Confluence of left renal vein and cava 
across neck of aneurysm. D, Solution involving division of cava below left renal vein. D,, If 
right sex and adrenal veins join right renal vein, it may be possible to divide this for better 
exposure. 


tion. This was recognized and pro- 
tected. 

Six patients had a double caval sys- 
tem with a prominent left cava per- 
sisting below the left renal vein (Fig 
2). Four double caval systems were 
associated with aneurysms. In three 
patients the left cava crossed anterior 
to the aorta at the level of the left re- 
nal vein. The left cava was resected in 
each case in order to free the neck of 
the aneurysm. In a fourth patient 
with occlusive disease and a small an- 
eurysm, the left cava passed anterior 
to the aorta just above the bifurca- 
tion, but did not connect with the left 
renal vein. The distal part of the 


aorta was oversewn and the graft 
placed anterior to this vein (Fig 3). 
This could be called persistence of the 
left cava or .“preaortic iliac con- 
fluence.” In two patients with oc- 
clusive disease the persistent cava 
passed posterior to the aorta, but the 
anomalies were recognized and not 
injured. 

In summary, major caval anomalies 
were present in nine patients. All of 
these anomalies were recognized, and 
none was inadvertently injured. One 
left-sided inferior vena cava was de- 
liberately ligated, which resulted in 
clinically apparent iliac vein throm- 
bosis (Table 1). 
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Fig 2.—Anatomy, venography, and operative management of double inferior vena cava. A, 
Double IVC (patient in vertical position). Aorta has been resected, and graft is being sutured 
into place. B, Diagram of A showing venous communications behind aorta. C, Inferior veno- 
gram in another patient showing doubling to level of renal veins. D, Neck of aneurysm can 
be hidden by crossing vein. E, Left portion of IVC resected; left renal vein elevated. E,, It may 
be possible to divide left renal vein to expose aorta. 












Table 1.—Major Caval and Renal Venous Anomalies 


Description Complications 


Transposition of IVC* 
Anterior to aorta 2 
Posterior to aorta 


Duplication of IVC 


Caval thrombosis 1 
0 
















Anterior to aorta 4 0 
Posterior to aorta 2 0 
€ircumaortic renal collar K Injury & repair 1 
5 


Retroaortic left renal vein Injury & repair 
Injury & nephrectomy S 
Injury & death 
* IVC signifies inferior vena cava. 
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Renal Vein Anomalies.—Two pa- 
tients had a persistent circumaortic 
renal venous collar. In addition to the 
usual left renal vein ventral to the 
aorta, there was a large left renal 
vein passing dorsal to the aorta and 
inserting into the inferior vena cava. 
This dorsal vein was frequently 
joined by lumbar and other retroaor- 
tic veins. Furthermore, the dorsal 


vein traveled obliquely downward to 


insert into a position in the inferior 
vena cava more caudal than the ven- 
tral vein (Fig 4). In one patient this 
posterior vein was injured at its junc- 
tion with the inferior vena cava dur- 
ing circumaortic dissection, but was 
repaired after transection of the 
aorta. 

In 20 patients the ventral left renal 
vein was absent and the dorsal ret- 
roaortic left renal vein persisted. This 
vein took an oblique course behind the 
aorta and inserted caudally into the 
inferior vena cava. Large lumbar and 
retroperitoneal veins often joined it 
to form a complex retroaortic venous 
system (Fig 5). These veins were par- 
ticularly vulnerable to injury. Nine 
veins were significantly injured dur- 
ing dissection: five veins were suc- 
cessfully repaired; two injuries neces- 
sitated nephrectomy for control of 
hemorrhage; and two patients died as 
a result of hemorrhage and subse- 
quent bilateral renal vein thrombosis. 
For this reason the normal ventral re- 
nal vein should always be identified 
before retroaortic dissection is begun. 
If it is not found, a retroaortic vein 
should be suspected. 

In summary, anomalies involving 
the left renal vein were present in 22 
patients. Ten veins were injured dur- 
ing dissection, and two patients died 
as a result (Table 1). 


Comment 


Embryology.—Variations in caval 
and renal vein anatomy are best un- 
derstood from the embryological 
point of view, detailed results of 
which have been published.*'*? The 
caval system is derived from the mod- 
ification of three parallel sets of 
veins: the posteardinal, the subcar- 
dinal, and the supracardinal. The 
primitive system, the postcardinal, 
develops in association with the meso- 


Abdominal Aortic Surgery /Brener etal 161 








nephros, anastomoses with the devel- 
oping subcardinal system, and per- 
sists only as the iliac bifurcation. 
The right and left subcardinal veins, 
which are in a plane ventral to the 
aorta, anastomose together and di- 
vert blood to the right subcardinal 
system that forms the suprarenal 
portion of the inferior vena cava. Fi- 
nally, the supracardinal system ap- 
pears in a plane dorsal to the aorta 
and anastomoses with the subcardi- 
nal system and itself. This group of 
anastomoses (intersubcardinal, sub- 
cardinal-supracardinal, and inter- 
supracardinal) join to form a collar of 
veins that surrounds the aorta. 

The right supracardinal vein per- 
sists as the normal infrarenal right 
inferior vena cava, and the ventral 
part of the circumaortic ring persists 
as the normal left renal vein. The left 
supracardinal vein may persist, re- 
sulting in either a doubled inferior 
vena cava or a single left-sided infe- 
rior vena cava. The entire circum- 
aortic ring may persist or the ventral 
portion may disappear, leaving only a 
retroaortic left renal vein. 

Although the actual developmental 
sequence is more complicated,” ?? this 
simplified version accounts for the 
four major venous anomalies dis- 
cussed here. 

Incidence of Anomalies.—The ap- 
proximate incidence of anomalies re- 
ported in the anatomic literature is 
reviewed in Table 2. The single left- 
sided cava is a rare anomaly: in sev- 
eral reviews of dissections of over 
2,000 cadavers, the incidence was 0.2% 
to 0.5%.*™° Since this anomaly is quite 
obvious, our clinical findings probably 
compare quite closely. In contrast, the 
left portion of the doubled cava may 
be quite small and easily overlooked 
at operation. This accounts for the 
lower incidence in this clinical series 
as compared with the findings of ca- 
daver dissections. In three anatomic 
dissections the incidence of dupli- 
cation was between 2.2% and 3.0%.*7 
We believe that these small, eas- 
ily overlooked vena cavas would not 
present a significant technical ob- 
stacle to aortic resection. 

The incidence of circumaortic rings 
varies according to the fastidiousness 
of the dissection. If all small retroaor- 
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Fig 3.—A, Unusual anomaly consisting of anteriorly placed left common iliac ve 
doubled cava crossing anteriorly to aorta. A,, Diagram of A. B, Thrombosed aortic anet 
resected and replaced by Dacron bifurcation graft placed anteriorly to veins. 


Fig 4.—Anatomy, venography, and operative management of cicumaortic renal vi 
collar. A, Pertinent anatomy. A,, Aorta resected; adventitial portion of back wall | 
place. B, Left renal venogram; venous catheter in normally located anterior renal vein. 
posterior branch descending caudally behind aorta. Second catheter in aorta and left 
artery. 
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Fig 5.—Anatomy and operative management of retroaortic left renal vein. A, Oblique 
course of vein behind aorta. Note that vein is not behind neck of aneurysm. A,, Aorta re- 
sected, leaving adventitial layer on cava. B, Aortoiliac and aorta-left renal graft. Note undis- 
turbed view of left renal artery and vein appearing behind graft. B,, Diagram of B. 


tic vessels that drain into the cava 
and left renal vein are considered, the 
incidence may be as high as 16%." 
However, if only large, persistent col- 
lars are dissected, the incidence drops 
considerably." In our series, since 
only sizable dorsal veins were consid- 
ered as part of the renal collar, only 
two cases were identified. However, 
retroaortic venous networks connect- 
ing the left renal vein with the infe- 
rior vena cava were commonly ob- 
served. 

The isolated retroaortic left renal 
vein is an easily identified structure 
in the operative as well as the ana- 
temic dissections. Therefore, the inci- 
dence of 2% noted by anatomists**:'° 
is probably reflected in clinical prac- 
tice. 

Perhaps because of their relative 
rarity, these anomalies have received 
only scattered notice by surgeons. Al- 
though many vascular surgeons are 
aware of the existence of the ret- 
roaortic renal vein, only three recent 
reports have emphasized its impor- 
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tance. Lord et al'* and Horan and 
Sharp described two aortic aneu- 
rysms that ruptured irto this vein, 
creating large arterial-venous fis- 
tulas. Thomas'* described two pa- 
tients undergoing aortic grafting 
procedures who were found to have 
this anomaly. Likewise, reports docu- 
menting caval anomalies are uncom- 
mon. Three cases of a single left cava 
complicating aneurysm resection 
have been noted.!** Other surgeons 
have described caval anomalies dur- 
ing attempted caval ligation'’'*; one 
patient with carcinoma of the pan- 
creas was found to harbor this anom- 
aly.'? 

Surgical Management.—The trans- 
posed cava is easily recognized at sur- 
gery. The major problem concerns the 
dissection of the proximal part of the 
aorta that is covered by the cava 
crossing at the level of the renal veins 
(Fig 1). It may be possib-e at times to 
retract the cava and renal veins ei- 
ther cephalad or caudad to gain proxi- 
mal control. However, in one of our 


Table 2.—Incidence of 
Major Venous Anomalies 


eee 
Description 


Transposition of IVC*5 7:9 0. s 0. 5 
Duplication of IVC*’ 2.2-3.0 


Circumaortic renal collar*’'" 1.5-8.7 
Retroaortic left renal vein®’*" 1.8-2.4 


* See Table 1 footnote. 





cases it was necessary to divide the 
cava below the renal veins. This was 
accompanied by caval thrombosis that 
might not occur if several large lum- 
bar veins are preserved. If the right 
adrenal and spermatic veins drain 
into the right renal vein, ° it may be 
possible to divide this renal vein and 
retract the cava to the right. Al- 
though, to our knowledge, this has not 
been done, it is comparable to divid- 
ing the normal left renal vein. This 
latter step has been carried out suc- 
cessfully in several of our patients 
and has been frequently suggested as 
a safe maneuver by others.**:** 

Duplication of the inferior vena 
cava is easily identified, although a 
minor persistent left inferior vena 
cava may go unnoticed (Fig 2 and 3). 
In three of our patients this vessel 
was ligated and excised along with 
the aneurysm. Another alternative 
might be to divide the left renal vein 
at the neck of the aneurysm, so that 
this vein would drain via the left 
cava. However, since the cava may be 
injured during resection of the aneu- 
rysm, this maneuver might compro- 
mise the venous return from the kid- 
ney. 

The circumaortic venous collar 
poses a particular threat (Fig 4). The 
posterior limb travels obliquely be- 
hind the aorta and inserts caudal to 
the normal ventral renal vein. Hav- 
ing identified a normal-appearing 
ventral vein, the surgeon might not 
suspect another large vein posterior 
to the aorta. This anomaly will be 
identified only if the aorta is dis- 
sected under direct vision. However, 
it can be avoided by dissecting supe- 
rior to its caudal insertion. Repair of 
an injured vein will probably require 
division of the proximal aorta to ob- 
tain exposure. 
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Fig 6.—Anterior-posterior view of left renal venogram. Left, Normal. Right, Retroaortic left renal vein. Note caudal insertion into IVC. 


Fig 7.—Lateral view of left renal venogram (Fig 6). Left, Normal. Vein crosses anteriorly to aorta. 
Right, Retroaortic left renal vein. Note position behind intra-aortic catheter, and oblique course. 
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Finally, the retroaortie left renal 
vein can be easily overlooked (Fig 5). 
This vein also descends behind the 
aorta to insert in a more caudal loca- 
tion than normal (Fig 6 and 7). If rec- 
ognized, the aorta can be controlled 
above this vein without difficulty. 
Thomas" has recommended occluding 
the aorta with a vertical clamp, with- 
out previous dissection, in order to 
avoid this structure. We have not had 
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to resort. to this maneuver. Although 
this vein is particularly vulnerable to 
injury and is difficult to repair if in- 
jured, its presence allows an easier 
dissection of the renal arteries. Three 
patients in our series underwent aor- 
torenal bypass graft with no injury to 
the anomalous vein. On the other 
hand, in an effort to find the absent 
anterior renal vein, the surgeon may 
continue his dissection up to the pan- 
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Suspension Laryngomicroscopy 


in a Cancer Institute 


Donald P. Shedd, MD, Kumao Sako, MD, Buffalo 


A three-year experience with suspension 
laryngomicroscopy in a cancer institute cov- 
ered 76 procedures. Thirty-seven of the pa- 
tients had invasive cancer, and 16 had le- 
sions of possible premalignant potential. 
Three patients with carcinoma in situ were 
found. Five patients with postradiation re- 
currence were examined. 

The chief advantage of suspension lar- 
yngomicroscopy is the magnified binocular 
view of the larynx in a situation where time 


5 ale reports on suspension lar- 
yngomicroscopy have appeared 
from general hospitals indicating its 
usefulness. This report details the ex- 
perience in a cancer hospital where 
most of the patients have suspected 
or proved neoplastic disease. The pur- 
pose of the report is to define the 
place of suspension laryngomicros- 
copy in the management of patients 
with throat cancer. 


History 


The largest experience with exam- 
ining human tissue under magnifica- 
tion in vivo is that of the gyne- 
ecologists who have long used the 
colposcope as a tool in the appraisal of 
cancer of the uterine cervix. 

German workers have studied in a 
similar manner the oral mucosa, and 
termed this procedure ‘“stoma- 
toscopy.”' In both oral and cervical 


mucosa, magnification in the range of 


16x to 25x permits recognition of 
changes not detectable to the naked 
eye. In the case of the larynx, the 
work by Kleinsasser’ established the 
usefulness of laryngomicroscopy. For 
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pressures are reduced, patient struggling 
eliminated, and two-handed instrumentation 
is facilitated. 

The experience to date with suspension 
laryngomicroscopy demonstrates that it 
plays an important role in diagnostic ap- 
praisal of selected patients in a cancer insti- 
tute. The addition of in vivo staining with to- 
luidine blue O is of further assistance in 
visualizing the extent of neoplastic change 
in the mucosa. 


many patients, direct laryngoscopy 
under topical anesthesia is adequate, 
but for others Strong’s’ statement is 
relevant: “Conventional direct lar- 
yngoscopy has always been less than 
satisfactory.” 


Methods and Materials 


This report covers only those patients 
studied over the three-year period from 
September 1969 to August 1972. Seventy- 
six suspension laryngoscopies were done in 
this period, roughly 25 per year. During an 
average year in this institute, a total of ap- 
proximately 250 inpatient, endoscopic pro- 
cedures are performed in the Department 
of Head and Neck Surgery. In the group of 
76 suspension laryngomicroscopies, there 
were 37 patients with invasive cancer, 
three with carcinoma in situ, seven with 


_ dysplastic lesions, and six with lesions of 


possible premalignant potential. Six pa- 
tients had various benign polypoid lesions, 
and the remainder (17) had a miscellaneous 
assortment of pathological conditions. In 
28 of the patients, in vivo staining with to- 
luidine blue O was done as part of the ap- 
praisal of the pathological conditions (4). 
Method.—General anesthesia was used 
in all patients with an endotracheal tube in 
place. The Pollard tube was employed, 
which has a narrowed distal segment so 
that it occupies 3 minimum of space in the 
larynx. The Jako laryngoscope was used 
with the Lewy support resting on a Mayo 
stand fixed to the operating table over the 





Fig 1.—Photograph of set-up for suspen- 
sion laryngomicroscopy showing laryngo- 
scope held on suspension apparatus and 
Operation microscope in place. 


patient’s chest (Fig 1). Appropriate tooth 
and gum protectors were used as neces- 
sary. The operating microscope was used 
with a 400-mm objective lens, a side-arm 
for observers, and a photographic attach- 
ment. Special forceps, scissors, suction 
tips, and scalpels were employed for the 
specific procedures. | 

All patients had conventional work-ups 
for general anesthesia and had careful in- 
direct laryngoscopy. 

The anesthesia used was nitrous oxide, 
meperidine hydrochloride (Demerol hydro- 
chloride), and halothane with topical anes- 
thesia of the pharynx and larynx. Suc- 
cinylcholine was employed in instances 
when greater relaxation was needed. Care 
was taken to avoid pressure from the la- 
ryngoscope on the upper gum and other 
areas. Procedures were less than one hour 
in duration. No complications were experi- 
enced. 

In selected circumstances, in vivo stain- 
ing of lesions was done with the use of to- 
luidine blue O.* Figures 2 through 5 show 
the visualization of extent of tumor one 
can obtain by this method. 


Findings 


Entire Group.—In most of the pa- 
tients, a good view of the larynx could 
be obtained, with a minority in whom 
exposure was a problem, these being 
patients with short, muscular necks 
or prominent teeth. Of particular 
value was the unhurried opportunity 
to study the entire larynx with good 
light and a magnified binocular view. 
The use of two hands permitted pre- 
cise manipulation for subglottic 
biopsy and stripping procedures. The 
side-arm was invaluable for teaching 
purposes, and the photographic 
records were an important, perma- 
nent record of the lesions encoun- 
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Fig 2.—Carcinoma of right sid2 of larynx. Fig 3.—Lesion of Fig 2 after in vivo stain- Fig 4.—Dysplastic lesion of left vocal cord 


ing. 





Fig 5.—Same lesion as in Fig 4 after in Fig 6.—Verrucous carcinoma of left ante- Fig 7.—Large verrucous carcinoma involv 
vive staining rior cord. ing entire anterior portion of left cord. 





Fig 8.—Papillamatous carcinoma of left Fig 9.—Carcinoma of left vocal cord with Fig 10.—Carcinoma in situ of right vocal 
cord. normal mobility. cord. 





Fiz 11.—Extemsive carcinoma in situ in- Fig 12.—Hyperkeratotic lesions of left vo- Fig 13.—Postradiation recurrence of car 
volveng entire left vocal cord. cal cord. Endotracheal tube can be seen in cinoma in anterior commissure. 
lower portion of photograph. 


tered. Several patients were exam- copy did provide a satisfactory exami- ographic and endoscopic findings, 
ined in whom laryngoscopy under nation and a definitive biopsy deter- and, in certain larynx cancers, the 
topical anesthesia had not proved mination in most patients in this view by suspension laryngomicros- 
completely satisfactory for various category. copy helped define the limits of a neo- 
reasons. In same of these, conclusive Subgroups.—/nvasive Cancer.—The plasm, a step in which in vivo stain- 
biopsy evaluations had not been total appraisal of a larynx cancer de- ing also has value. In one patient, the 
obtained. Suspension laryngomicros- pends on integration of roentgen- fact that a warty lesion had been 
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completely excised intact under sus- 
pension laryngomicroscopy enabled 
the pathologist to determine that this 
particular verrucous carcinoma was 
indeed invasive. Figures 6 and 7 dem- 
onstrate verrucous cancers, and Fig 8 
and 9 show other invasive carcinomas. 
In seven of our patients, such exami- 
nation was employed as part of the 
decision regarding possible partial 
laryngectomy, wherein it did provide 


a detailed survey of the surface ex- 
tent of the lesion. 


Lesions of Probable or Possible Pre- 
malignant Importance.—It is in 
patients of this category that suspen- 
sion laryngomicroscopy has most 


‘value, those who have areas of either 


diffuse or localized leukoplakia or er- 
ythroplasia. A magnified view of such 
mucosa enables the endoscopist to 
recognize areas of most severe 
change and to do a precise excisional 
or incisional biopsy as indicated. 

In vivo staining was used as a 
guide to areas for biopsy in diffuse le- 
sions.‘ Of the 16 patients in this cate- 
gory, seven were found with dysplas- 
tic lesions of varying degree, and 
three with carcinoma in situ (Fig 10 
and 11). Five patients had simple hy- 
perplastic lesions (Fig 12), and one 
had papillomas. This patient, an adult 
male, had a long-standing papilloma- 
tous condition of the larynx in which 
several biopsy specimens over a pe- 
riod of several years disclosed no can- 
cer. On the fourth biopsy, a suspen- 
sion laryngomicroscopy study, a 
squamous cell carcinoma was finally 
found. 

Postradiation Therapy Recurrence 
of Cancer.—The frequent difficulty in 
recognizing this condition is well 
known. Five patients in this category 
were examined, and, in four, a recur- 
rent cancer was found by virtue of 
the magnified view obtained of the 
larynx (Fig 13). In one of these pa- 
tients, the recurrence was obscured 
by a superimposed chondronecrosis, 
but, despite this, the recurrent cancer 
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was found. 

Polyps.—Occasionally, patients with 
polyps of the larynx are seen in a can- 
cer institute, six were evaluated in 
this series. The treatment of these 
patients by laryngeal microsurgery is 


a precise procedure, and one that fa- 


cilitates complete removal. 
Comment 


The opinion after a few years expe- 
rience with suspension laryngomicros- 
copy is that it fills an important role 
in a cancer hospital. There is no ques- 
tion about the value of a magnified 
binocular view in the evaluation of 
patients with neoplastic disease. The 
advantages for teaching and photo- 
documentation are self-evident. 

At the present time, about ten en- 
doscopies are done under topical anes- 
thesia for each laryngomicroscopic 
examination, an indication that many 
of the patients in this institute have 
large lesions in which a biopsy speci- 
men obtained under topical anesthe- 
sia is all that is needed. 

The specific patients in whom we 
consider suspension laryngomicros- 
copy to be indicated include the fol- 
lowing: 

1.—Those with localized or diffuse 
leukoplakia or erythroplastic lesions 
in whom a magnified view and a pre- 
cise biopsy evaluation is felt to be im- 
portant. 

2.—-Those with suspected but not 
obvious postradiation recurrence. 

3.-Those in whom laryngoscopy 
under topical anesthesia has for some 
reason proved unsatisfactory or in- 
conclusive. Not all such patients will 
need magnification as part of the sus- 
pension laryngoscopy. 

4.—Those in whom the clinical ex- 
tent of a malignant neoplasm makes 
them possible candidates for partial 
laryngectomy, but in whom other 
studies have not proved to be conclu- 
sive. 

Additional indications would include 
polypoid lesions and papillomatous le- 


sions, depending on the physician’s 
judgment. 
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Editorial Comment 


Shedd and Sako called our attention to 
the use of the suspension laryngoscopy for 
the diagnosis and treatment of diseases of 
the larynx. I was introduced to this tech- 
nique by otolaryngologists and can attest 
to its advantages. As mentioned by the au- 
thors, it is particularly useful in the pres- 
ence of localized or diffused leukoplakia or 
erythroplastic lesions where represent- 
ative biopsies are mandatory. Laryngomi- 
croscopy can be of considerable benefit for 
a patient with suspected but not proven 
postirradiation recurrence. Though better 
than indirect laryngoscopy, direct lar- 
yngoscopy falls far short of laryngomi- 
croscopy. This method has helped me in 
treating with cryosurgery hemangiomas of 
the larynx and pharynx. 

The authors employ the Jako scope with 
the Lewy support resting on a Mayo stand 
fixed to the operating table over the pa- 
tient’s chest. This is much better than hav- 
ing the apparatus rest on the patient’s 
sternum where, through undue pressue, it 
can cause sternochondral injury, with sep- 
aration and even fracture. 

The head and neck surgeon will be able 
to give better care to his patients if he 
gains familiarity with the benefits of lar- 
yngomicroscopy. Just a few years ago, 
most nerve repairs were done without the 
operating microscope or even magnifica- 
tions lenses. Today, a surgeon would be re- 
luctant to place himself and his patient un- 
der that disadvantage. 

ROBERT M. GOLDWYN, MD 
Boston 
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How much has her rheumatoid arthritis improved? 
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Grip strength— measured in millimeters of Inflammation index—arrived at by ascribing 
mercury using a rolled sohygmomanometer cuff values of 1 to 4 to degree of pain, redness, swelling, 


tenderness, and presence of joint fluid; then 
totalling five parameters 


Ascriptin helps her get the most from aspirin therapy 


When you specify Ascriptin, you’re specifying Maalox®-protected aspirin. Ascriptin 

eases joint pain, stiffness and inflammation, while guarding against aspirin-induced 

gastric distress. That means your patient is more.likely to tolerate the high dosage 

level of aspirin required to reduce arthritic pe 
inflammation. Thus, the patient will stay IN rheumatoid and osteoarthritis 

with an optimal dosage over an extended 

period, hopefully showing greater improve- 

ment. After all, if dosage is optimal, 

chances are that therapeutic benefits of 

Ascriptin will be, too. the Maalox*-protected W aspirin R 


WILLIAM H. RORER, INC. }ROBER 
Fort Washington, Pa. 19034 L. 


A unique view of the gallbladder, from the inside looking out 
by means of a true-to-life plastic model. 


1. Artist's conception of cutaway view of gallbladder contain- 
ing stones which, by causing irritation of the organ’s interior 
wall and restricting biliary flow, may play a role in the re- 
peated episodes of inflammation and infection associated 
with chronic cholecystitis. 

2. Artist's conception of microscopic section of gallbladder 
wall showing chronic state with superimposition of inflam- 
mation, edema and necrosis due to an acute episode. 








Vibramycin (doxycycline) 
penetrates gallbladder tissue to 
reach susceptible pathogens 


Vibramycin can be useful in 
cholecystitis because it provides a wide 
antibacterial spectrum and therapeutic 
tissue concentrations: Vibramycin 
is active against susceptible’ strains 

| Concentrations of oral Vibramycin in gallbladder tissue | of bacteria 


| removed from four surgical patients on a dosage of 


|200 mg. P.O. stat and 100 mg. P.O. once daily until surgery’ | including Escherichia 





























Patient Concentration in Tissue a coli and Entero- 
No. (meg./Gm.) Babyy ee 
l 5.808 bacter aerogenes 
$ ge (formerly Aerobacter 
AST a _ 413 ron aerogenes) 





1. Because not all strains of pathogens are susceptible, it is recommended 
that routine culture and susceptibility tests be performed. 

2. Fabre, J. et al.: Schweiz. Med. Wochenschr. 97:915, May 17, 1967. 

3. Concentration in the bile taken simultaneously: 24.2 mcg./ml. 


VibramycınIV 


(doxycycline hyclate for injection) 


100-mg. vials containing doxycycline hyclate equivalent 
to 100 mg. doxycycline with 480 mg. ascorbic acid 
200-mg. vials containing doxycycline hyclate equivalent 
to 200 mg. doxycycline with 960 mg. ascorbic acid 
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VibramycinilV. 


(doxycycline h 


100-mg. vials 
to 100 ma. doxycycline with 480 mg. ascorbic 


200-mg. vials 


ontaining doxycycline hyclate equivalent 
acid 
ontaining doxycycline hyciate equivaient 


line with 960 mg. ascorbic acid 


00 g. doxycyí 


Important facts about 
Vibramycin (doxycycline) 


= can maintain therapeutic blood 
levels with a single daily infusion 


= can be used without complexities 
of dosage alteration in patients with 
impaired renal function 


= does not significantly elevate BUN 
in patients with renal insufficiency 


€ virtually the same broad range 
of indications when switching from 
I.V. to oral form 


*Because not all strains of pathogens are susceptible, it is recommended that routine culture 
and susceptibility tests be performed. 


Vibramycin® Hyclate (doxycycline hyclate) and 

Vibramycin* I.V. (doxycycline hyclate for injection) 

BRIEF SUMMARY 

Contraindicated: In persons hypersensitive to any of the tetracyclines. 


Warnings: Use of tetracyclines during the last half of pregnancy, infancy and childhood to 
the age of 8 years may cause permanent discoloration of developing teeth. This is more 
common during long-term use of the tetracyclines but has been observed following repeated 
short-term courses. Enamel hypoplasia has also been reported. Thus, tetracyclines should 
not be used in this age group unless other drugs are not likely to be effective or are 
contraindicated. Individuals receiving tetracycline antibiotics should be advised that direct 
sunlight or ultraviolet light can cause photosensitivity reactions. If these reactions 
(exaggerated sunburn) occur, discontinue therapy. Doxycycline forms a stable calcium 
complex in any bone-forming tissue. Fibula growth has been decreased in prematures given 
oral tetracyclines 25 mg./kg. q. 6 h., but this reaction was reversible when the drug 

was discontinued. 

The antianabolic action of the tetracyclines may cause an increase in BUN. Studies to date 
indicate that this does not occur to a significant degree with the use of Vibramycin in 
patients with impaired renal function. 

Vibramycin Intravenous has not been studied in pregnant patients. It should not be used 
in pregnant women unless, in the judgment of the physician, it is essential for the welfare of 
the patient. 

Animal studies indicate that tetracyclines cross the placenta, are found in fetal tissues and 
can have toxic effects on the developing fetus. Evidence of embryotoxicity has also been 
noted in animals treated early in pregnancy. 

The use of Vibramycin Intravenous in children under 8 years is not recommended because 
safe conditions for its use have not been established. 

Tetracyclines are present in the milk of lactating women who are taking a drug in this class. 


clate for injection) 





Precautions: Overgrowth of nonsusceptible organisms may occur, including fungi. If such 
superinfections are encountered, discontinue Vibramycin and institute appropriate therapy. 

In venereal disease when coexistent syphilis is suspected, a dark -field examination should 
be done before initiating therapy. Conduct monthly serological tests for at least 4 months. 

Because tetracyclines depress plasma prothrombin activity, patients on anticoagulant 
therapy may require downward adjustment of their anticoagulant dosage. 

In long-term therapy, conduct periodic laboratory evaluation of organ systems, including 
hematopoietic, renal and hepatic. 

Treat all Group A beta-hemolytic streptococcal infections for at least 10 days. 

Avoid giving doxycycline with penicillin because of possible interference with penicillin 
activity. 

Antacids containing aluminum, calcium, or magnesium impair absorption and should not 
be given concomitantly to patients taking oral Vibramycin. 


Adverse Reactions: Anorexia, nausea, vomiting, diarrhea, glossitis, dysphagia, enterocolitis, 
inflammatory lesions (with monilial overgrowth) in the anogenital region, maculopapular 
and erythematous rashes, exfoliative dermatitis, photosensitivity, urticaria, angioneurotic 
edema, anaphylaxis, anaphylactoid purpura, pericarditis, exacerbation of systemic lupus 
erythematosus, hemolytic anemia, thrombocytopenia, neutropenia and eosinophilia have 
been reported. Prolonged administration of tetracyclines may produce brown-black 
microscopic discoloration of thyroid glands. No abnormalities of thyroid function studies 

are known to occur. Bulging fontanels have been reported in young infants on therapeutic 
dosage but disappeared when the drug was discontinued. A dose-related rise in BUN has 
been reported. 


Oral Adult and Children’s Dosages: See the Vibramycin Oral package insert for 
recommended dosage schedules for adults and children. 


Intravenous Dosage and Administration: Note: Rapid administration is to be avoided. 
Parenteral therapy is indicated only when oral therapy is not indicated. Oral therapy should 
be instituted as soon as possible. If intravenous therapy is given over prolonged periods of 
time, thrombophlebitis may result. 

The usual dosage and frequency of administration of Vibramycin I.V. (100-200 mg./day) 
differs from that of the other tetracyclines (1-2 Gm./day). Exceeding the recommended 
dosage may result in an increased incidence of side effects. 

Studies to date have indicated that Vibramycin, at the usual recommended doses, does not 
lead to excessive accumulation of the antibiotic in patients with renal impairment. 


Intravenous Adult Dosage: The usual dosage of Vibramycin I.V. is 200 mg. on the first day 
of treatment administered in one or two infusions. Subsequent daily dosage is 100 to 
200 mg. depending on the severity of infection, with 200 mg. administered in one or two 
infusions. 

In the treatment of primary and secondary syphilis, the recommended dosage is 300 mg. 
daily for at least 10 days. 


Intravenous Children’s Dosage: The recommended dosage schedule for children weighing 
100 pounds or less is 2 mg./Ib. of body weight on the first day of treatment, administered in 
one or two infusions. Subsequent daily dosage is 1 to 2 mg./lb. of body weight given as one 
or two infusions, depending on the severity of the infection. For children over 100 pounds 
the usual adult dose should be used. (See “Warning” Section for Usage in Children.) 


General: The duration of infusion may vary with the dose (100 to 200 mg. per day), but is 
usually one to four hours. A recommended minimum infusion time for 100 mg. of a 

0.5 mg./ml. solution is one hour. Desired concentrations of the final solution should be 

0.2 mg./ml. to 0.5 mg./ml. Concentrations below 0.1 mg./ml. or above 1.0 mg./ml. are not 
recommended. Therapy should be continued for at least 24-48 hours after symptoms and 
fever have subsided. The therapeutic antibacterial serum activity will usually persist for 

24 hours following recommended dosage. 

Intravenous solutions should not be injected intramuscularly nor subcutaneously. Caution 
should be taken to avoid the inadvertent introduction of the intravenous solution into the 
adjacent soft tissue. 

More detailed professional information available on request. 
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Renal Dysfunction 


Following Open-Heart Operations 


Ronald M. Abel, MD; Jennifer Wick; Clyde H. Beck, Jr., MD; 
Mortimer J. Buckley, MD; W. Gerald Austen, MD, Boston 


The clinical records from 507 adult pa- 
tients surviving open-heart operations were 
reviewed to determine the incidence of renal 
dysfunction. Three hundred nine patients 
(61%) were considered to have maintained 
normal renal function throughout the post- 
operative period compared to 198 patients 
who developed a blood urea nitrogen (BUN) 
level of greater than 50 mg/100 ml or a se- 
rum creatinine level of greater than 2.0 
mg/100 mi. The mortality in the former 
group was only 1.6% compared to 30.3% in 
the patients having abnormal renal function. 
Age and the mean preoperative BUN and 
creatinine values were substantially greater 
in the “abnormal” patients than in the “nor- 
mal” patients. Although a cause and effect 
relationship between renal dysfunction and 
mortality cannot be made on the basis of the 
present study, the data suggest the preva- 
lence of renal failure in the postoperative pe- 
riod and the potentially serious nature of 
this complication. 


he development of renal failure 
in the immediate postoperative 
period following cardiac surgical pro- 
cedures contributes substantially to 
the morbidity and mortality of this 
patient population. Although recent 
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techniques of improved biochemical 
and hemodynamic monitoring, res- 
piratory care, the use of left ventricu- 
lar support systems, and more sophis- 
ticated techniques of intraoperative 
management of cardiopulmonary by- 
pass have contributed to lessening 
overall mortality, little has been done 
to decrease the recognized mortality 
from acute renal failure. Recent ex- 
perience at this institution with an 
intravenously administered solution 
of essential l-amino acids and hyper- 
tonic dextrose in a program of hyper- 
alimentation has been associated 
with a decreased overall mortality 
and a more rapid rate of recovery 
from acute renal failure.’? Even the 
use of aggressive and active pro- 
grams of hemodialysis in patients 
postoperatively has not been associ- 
ated with a substantial decrease in 
mortality.** The persistently high 
mortality from renal failure appears 
to be related to the complications 
arising from that state such as gas- 
trointestinal hemorrhage, central 
nervous system dysfunction, acute 
electrolyte imbalances leading to car- 
diotoxicity, and increasing congestive 
heart failure due to fluid overload. 

A pertinent, unresolved feature is 
the cause of abnormal renal function 
that arises during the postoperative 
period. There is certainly a group of 
patients in whom a hypotensive epi- 
sode either preoperatively, intra- 
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Table 1.—Open-Cardiac Procedures in 507 Patients at 
Massachusetts General Hospital, 1972 


Operation 
Valve procedures 


Coronary artery surgery (coronary artery 
bypass graft alone or combined with 
other intracardiac procedures) 


Congenital heart procedures 
Left ventricular aneurysm resections 
Leak valve repairs i 


Thoracic aorta procedures (resection and 
grafting) 


Pulmonary embolectomy 
Myxoma resection 
Miscellaneous 

Total 


Abnormal Normal Total 





* There were no statistically significant differences in the incidence of abnormal renal func- 
tion depending on the type of procedure employed. 


operatively, during cardiopulmonary 
bypass, or in the immediate postoper- 
ative period can be incriminated as 
having led to a period of prolonged 
renal ischemia that resulted in a state 
recognized as acute tubular necrosis 
(ATN). This state is characterized by 
high urinary sodium excretion, isos- 
thenuric urine, urinary output at a 
fixed rate that is poorly responsive or 
not responsive to diuretic adminis- 
tration, and associated with a pro- 
gressive rise of blood urea nitrogen 
(BUN) and serum creatinine levels 
with a concomitant decrease in 
creatinine and inulin clearance. 
There are also a variety of other al- 
terations in renal function that may 
occur following cardiac surgical pro- 
cedures that also result in renal dys- 
function, but which are less definable 
than ATN. The development of an in- 
sidious decrement in renal function 
may in fact be due to multiple renal 
emboli from an atrial thrombus or 
valvular calcification, renal artery or 





Surgical Patients 


Blood Urea Nitrogen, 
mg/100 ml 








——s 
No. Mean SD* SE 
All, 487 18.8 11.3 0.514 


0.318 
‘1.118 


Normal, 293 15.6 5.4 
Abnormal, 194 23.5 15.6T 





* SD indicates standard deviation; SE, standard error of the mean. 
t+ Mean difference normal patients to abnormal patients—t = 


7.90478, P <0.001. - 
ł t = 6.27425, P <0.001. 
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Table 2.—Preoperative Renal Function in Cardiac 







Serum Creatinine, 
mg/100 ml 





1.2 
1.5 





venous occlusion, subclinical aortic 
dissection following retrograde aortic 
perfusion, nephrotoxic damage on the 
basis of administered drugs, and low 
eardiac output states characterized by 
decreased renal perfusion that may 
result in a severe state of prerenal 
azotemia without frank tubular dam- 
age. Although this latter category of 
patients is poorly defined and diffi- 
cult to diagnose, many develop suffi- 
cient azotemia to require the use of 
dialysis. 

In all conditions of postoperative 
renal dysfunction, etiologic factors, 
although often suggested, have not 
been proved or observed prospectively 
in a definitive clinical study. In the 
anticipation of such a subsequent pro- 
spective inquiry, it seemed reasonable 


to examine the overall incidence of 


renal dysfunction in a large group of 
consecutive patients undergoing car- 
diac surgical procedures. The follow- 
ing report is a retrospective analysis 
of the incidence and degree of renal 





















Patient 
SD SE Group, 
0.5 0.229 No. 
0.3 0.0156 All, 505 
0.7% 0.0502 Normal, 307 











Table 3.—Postoperative Renal Function in Cardiac 


Blood Urea Nitrogen, 


mg/100 mi mg/100 ml 
SD* SE Mean SD SE 
51.3 45.6 2.0271 2.3 2.2 0.09728 
9.0 0.5114 1.4 O23 0.01617 


26.4 
Abnormal, 198 90.2 52.07 3.694 


* SD indicates standard deviation; SE, standard error of the mean. 


dysfunction in the postoperative pe- 
riod following open-heart operations 
during a single calendar year. 


Methods 


The records of all patients undergoing 
cardiac surgical procedures from Jan 1, 
1972, through Dec 31, 1972, were reviewed. 
Patients who underwent procedures re- 
quiring total cardiopulmonary bypass were 
considered, and those who did not survive 
the operation or succumbed within the 
first 24 hours postoperatively were ex- 
cluded from the series. The analysis con- 
sidered only patients 18 years of age and 
older. 

The base line screening method consid- 
ered patients to be “normal” if the postop- 
erative BUN level never became greater 
than 50 mg/100 ml, if the serum creatinine 
level was not greater than 2.0 mg/100 ml, 
if the patient did not receive dialysis of 
any type, and did not succumb in an early 
stage of oliguric renal failure at which 
time the blood chemistry values were at 
this low level. “Abnormal” patients were 
those in whom the BUN or creatinine de- 
terminations before or after the operation 
became greater than 50 mg/100 ml and 2.0 
mg/100 ml, respectively. Also included 
were patients who received dialysis, in 
whom a nephrologic examination was ob- 
tained because of abnormal renal function, 
and those in whom a clinical diagnosis of 
acute renal failure was made by the pri- 
mary physician. Summary correlations 
were performed with the use of the x’ 
analysis and Students’ t test using two- 
tailed probability values. 


Results 


Five hundred seven patients ful- 
filled the study criteria. The overall 
operative mortality for the entire 
group was 65 patients (12.8%). Of this 
group, 309 patients (61%), as defined 
by the above criteria, were considered 
to have normal renal function, and 





Surgical Patients 








Serum Creatinine, 











3.8 1.4¢ 0.20671 





t Normal to abnormal BUN values: t = 21.05999, P <0.001. 
+ Normal to abnormal creatinine values: t = 14.16952, P <0.001. 
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198 patients (39%) were considered to 
have abnormal renal function. 

The difference in mortality be- 
tween the two groups was striking. 
Only five of the 309 normal patients 
(1.6%) died within the firs: 30 days 
postoperatively compared to 60 of 
198 “abnormal” patients (30.3%; 
x’ = 88.25, P<001). 

In evaluating potential risk factors 
for the development of renal dysfunc- 
tion in the pestoperative period, the 
age and type of cardiac procedure 
were considered. The mean age of all 
patients was 53.1 + 11.5 (standard de- 
viation) years. Of the “normal” pa- 
tients, the mean age was 51+ 11.4 
years compared to the “abnormal” 
patients (56.4 + 10.8 years), which 
yielded a mean difference of 5.42 
years (t=5.397; P<.001). The type of 
cardiac procedure relative te the pres- 
ence or absence of abnormal renal 
function is listed in Table 1. 

Although the mean preoperative 
group values for BUN and serum 
creatinine for all patients were 
within normal limits (Table 2), there 
was, nevertheless, a statistically sig- 
nificant difference in the level of re- 
nal function between those patients 
who remained “normal” throughout 
the entire perioperative period com- 
pared with those who developed ab- 
normal renal function follewing the 
procedure. Although the mean preop- 
erative serum creatinine value of 
15+0.7 mg/100 ml in the latter 
group is approximately at the upper 
limits of normal for adult men, there 
was a consistent and significant over- 
all difference even at this low level 
compared with similar preoperative 
determinations in the so-called “nor- 
mal” patients. In the postoperative 
period, the “normal” patients devel- 


1. Abel RM, et al: Treatment of acute 
renal failure with intravenous adminis- 
oe of essential amino acids and glu- 
cose. Su rg Forum 23:77-79, 1972. 

2. Abel RM, et al: Improved survival 
from acute renal failure after treatment 
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oped slight, but statistically signifi- 
cant, increases in both BUN and 
creatinine values (Table 3). The mean 
increase in BUN level in “normal” pa- 


tients from 15.6 + 5.4 mg/100 ml to 


26.4 + 9.0 mg/100 ml was highly sig- 
nificant (t=14.436498, P<.001), as 
was the creatinine change from 
1.2+ 0.3 mg/100 ml to 1.4+ż 0.3 
mg/100 ml (t=2.944808, P<.005). In 
the “abnormal” patients, by defini- 
tion, the mean increase in BUN and 
creatinine levels were highly signifi- 
cant compared to preoperative levels. 


Comment 


The exact, mechanistic relationship 
between the development of abnor- 
mal renal function in the postopera- 
tive period and mortality statistics 
may be difficult to discern. The dif- 
ferentiation between morbidity and 
death due to renal failure per se and 
death due to myocardial insufficiency 
and other cardiogenic causes, which 
in turn lead to decreased renal perfu- 
sion and diminished renal function, is 
often impossible to analyze retrospec- 
tively. The present report merely in- 
dicates that patients in whom abnor- 
mal renal function developed in the 
postoperative period were substan- 
tially older than their normal coun- 
terparts, and that they had substan- 
tially poorer renal function than 
those who remained with normal 
function. There appear to be no sub- 
stantial differences depending on the 
type of operation performed, al- 
though data have not been collected 
regarding the duration of cardio- 
pulmonary bypass for example, and 
other potentially important risk fac- 
tors. 

The observation that the mortality 
was extremely low in patients who 
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remained with normal renal function 
compared to those having developed 
abnormal function may be mislead- 
ing. This may merely reflect the clini- 
cal observation that patients who do 
well generally maintain a good car- 
diac output .postoperatively, and all 
organ systems appear to function 
normally, The clinical course of pa- 
tients who develop cardiogenic diffi- 
culties following operations, septi- 
cemia, respiratory failure, and the 
like, will be associated with a mea- 
sured decrement in renal function for 
obvious reasons. In the type of retro- 
spective analysis used in the current 
report, it would be misleading and 
perhaps a misinterpretation of the 
data to assign the high observed mor- 
tality in the “abnormal” group simply 
to the observed differences in renal 
function. 

The data seem to suggest, however, 
that the problem of renal dysfunction 
in cardiac surgical patients is quite 
prevalent and of unquestioned impor- 
tance. There appears to be little ques- 
tion that the current results demand 
that additional studies be undertaken 
to elucidate definitively those risk 
factors that may be related to the de- 
velopment of postoperative renal fail- 
ure. It must also be determined pre- 
cisely the types of renal dysfunction 
that commonly appear following car- 
diac surgical procedures, and to at- 
tempt to differentiate the varying de- 
grees of overall risk associated with 
these types. Finally, it appears that 
once recognition of high-risk patients 
in this regard can be performed read- 
ily, a well-planned protocol for man- 
agement of these patients may be as- 
sociated with improved survival. 
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Treatment of Patients 


With Hepatic Tumors and Jaundice 


by Ligation of the Hepatic Artery 


Teuvo K. I. Larmi, MD; Pentti Kärkölä, MD; Hans-Erik Klintrup, MD; Erkki Heikkinen, MD, Oulu, Finland 


Ligation of the hepatic artery without 
complete dissection of the liver was per- 
formed on eight patients with nonresectable 
hepatic tumors. Three patients had a marked 
preoperative clinical and chemical obstruc- 
tive, intrahepatic jaundice, which dis- 
appeared postoperatively. Relief of pain and 
decrease of enlarged liver were initially no- 
ticed in seven patients. Hepatic sepsis was a 
serious complication with fatal outcome in 
one nonjaundiced man. The hypoxic necrosis 
of tumors resulting in a remission of symp- 
toms in the survivors and the disappearance 
of cholestasis in three jaundiced patients 
was, however, temporary. After two to six 
months, the jaundice and other symptoms 
recurred. The conclusion is drawn that a pro- 
longed life expectancy is perhaps not ob- 
tained, but a worthwhile, symptomatic im- 
provement and palliative effect can be 
achieved by hepatic artery ligation. 


right showed in 1937 that 
the main blood supply of newly 
developed epithelial tissue in the liver 
is received via the hepatic artery. 
This finding was later verified.’ In 
1952, Markowitz’ suggested ligation 
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of the hepatic artery as a possible 
treatment for hepatic tumors. Rein- 
hoff and Woods’ in 1954 were the first 
to describe a patient with metastatic 
hepatic malignant neoplasm success- 
fully treated with hepatic artery liga- 
tion. 

After the occasional special case, 
Nilsson’ in 1966 described therapeutic 
hepatic artery ligation in patients 
with secondary liver tumors. It is now 
generally agreed that ligation of the 
hepatic artery results in necrosis of 
the liver tumors, whereas the normal 
liver parenchyma, receiving blood 
from both the arterial and portal sys- 
tems, stays alive. Swedish research 
teams have published several reports 
on both experimental®’ and clinical 
hepatic dearterialization as a thera- 
peutic measure in cancer of the 
liver." Similar reports also have 
been published elsewhere.'*'*'* How- 
ever, clinical experiences range from 
poor’’:'® to satisfactory.*:*°*" Several 
reasons for this discrepancy have 
been advanced.” Jaundice has been 
claimed to be a contraindication to 
dearterialization. 

This is a report on experiences, the 
first in Finland to the authors’ knowl- 
edge, of the palliative treatment of 
hepatic tumors, especially in those pa- 


tients with jaundice, by ligation of 
the hepatic artery. 


Present Series 


Eight patients, age range 45 to 73 
years, submitted to the procedure of 
ligation of the hepatic artery. Six 
were women and two were men. 
Three had a primary cancer of the 
liver. In the remaining five patients, 
the liver tumors were secondary; the 
primary tumor in three patients was 
anaplastic cancer of the gallbladder, 
in one an untreated esophageal can- 
cer, and in one an adenocarcinoma of 
the colon, resected 2% years previ- 
ously, which now had recurred, pro- 
ducing an obstruction of the sigmoid 
colon (Table 1). 

The symptoms in all patients were 
subcostal pains, loss of weight, and an 
enlarged liver, which in three pa- 
tients extended to the umbilicus. 
Three patients had, in addition, a pro- 
nounced clinical and biochemical ob- 
structive jaundice, to which special 
attention will be devoted in the pres- 
ent report. 

Before the operation, some patients 
underwent scintiscanning; hepatic 
angiography and various liver 
tests™!+?>?3 were performed. Before 
laparotomy, the patients had an infu- 
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‘Case No. Clinical Course 


Remission for 3 mo; jaundice disappeared 
for 3 mo; died after 4 mo, with new, small 
metastases in liver 

Remission for 4 mo; then jaundice, ascites, 
and general cachexia; died at 8 mo 


Primary Tumor Jaundice 


Age, yr Sex 


Anaplastic cancer 
of esophagus (un- 
treated) 





3 72 F Anaplastic cancer == Remission for 1 mo; died at 3 mo 
of gallbladder 
4 52 F Liver oe Remission for 1 mo; died at 2 mo 
5 45 M Liver + Remission for 6 mo; jaundice disappeared, 
fully symptom-free for 6 mo; recurring 
jaundice and other symptoms at 7 mo; alive 
6 48 F Anaplastic cancer E= Remission for 2 mo; then cachexia and terminal 
of gallbladder jaundice; died at 5 mo 
7 70 F Anaplastic cancer + Remission for 2 mo; jaundice disappeared for 
of gallbladder 2 mo; recurring jaundice and death at 3 mo 
8 73 M Adenocarcinoma of i? Sepsis and destroyed liver with coma after 


colon (recurrence) palliative transversostomy and ligation of 


the hepatic artery; died after 3 weeks 


Patient 
No. Jaundice 


ot 


Values 


F 366 263 TENIEN 
N N N N N 
S10 =. 254) 6288. e N 


1 
2 
3 
4 
5 
6 
7 
8 





* N = normal value (<18 umcl/liter). 


Table 3.—Changes of Serum Alkaline Phosphatase Values After Ligation of Hepatic Artery 
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Table 1.—Types of Primary Tumors, Clinical Remarks, and Results | 


sien of dextrose and insulin injection 
to ensure adequate glycogen stores of 
the liver, and phthalylsulfathiazole 
or neomycin sulfate as prophylaxis 
against liver infection. Postopera- 
tively, they were given 10 million 
units penicillin G sodium, or ampicil- 
lin for 7 to 14 days. 


Operation 


An upper-median incision was 
made. The liver was inspected and 


Arch Surg/Vol 108, Feb 1974 


palpated carefully without complete 
dissection. The amount of tumor tis- 
sue within the liver was evaluated ac- 
cording to the scale of Almersjé et 
al.” All these tumors were stage 2, 
and liver resection was out of the 
question in all cases owing to the ex- 
tent, spread, or location of the tumor. 

In no case was intraoperative por- 
tography carried out. 

The hepatic artery was ligated at 
several sites distal to the gastro- 


duodenal and right gastric branches. 
Cholecystectomy was not carried out. 
Complete dissection of the liver was 
not performed, but the ligamentum 
falciforme was dissected in seven pa- 
tients. It was ascertained that there 
was no extrahepatic cause of the bili- 
ary obstruction. 

Biochemical Findings.—Serwm Bili- 
rubin.—The preoperative serum bili- 
rubin levels in the three patients with 
jaundice were increased (60umol to 
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| Postoperative Days 
Ligation of Hepatic Artery 





Postoperative Days 


Fig 2.—Changes of blood ammonia levels after ligation of hepatic 


artery. 


Fig 1.—Changes of serum aspartate aminotransferase levels in 
three jaundiced and three nonjaundiced patients before and after li- 


gation of hepatic artery. 


352 pmol/liter), and continued to rise 
in two patients during the first post- 
operative week up to levels of 110p 
mol to 380umol/liter. They then be- 
gan to fall, reaching normal levels 
(<18umol/liter) in all three patients 
within one to two months of the he- 
patie artery ligation (Table 2). How- 
ever, three to five months after the li- 
gation, the patients again became 
clinically jaundiced, and their serum 
bilirubin values began to increase ac- 
cordingly. In the nonjaundiced pa- 
tients, the preoperative serum bili- 
rubin levels were normal, and they 
did not increase postoperatively. 

_ Alkaline Phosphatase.—In the pa- 
tients with jaundice, the preoperative 
alkaline phosphatase levels were dis- 
tinctly elevated (209 to 263 units/ 
liter), and they continued to increase 
in the first two postoperative weeks 
to 308 to 450 units/liter (Table 3). 


_ They were at their lowest about three 


weeks after the ligation, but even 
then they usually exceeded 100 


_ units/liter. Subsequently, the levels 


began to increase slowly, and, by the 
onset of clinical jaundice, they had 
reached or even surpassed the preop- 
erative values. In the nonjaundiced 
patients, the preoperative alkaline 
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phosphatase levels (36 to 182 
units/liter) increased in the second to 
the seventh postoperative days to 65 
to 247 units/liter but fell again to the 
preoperative levels within two weeks. 

Serum Transferases.-Serum as- 
partate aminotransferase (ASAT) 
and serum alanine aminotransferase 
(ALAT) levels were normal preopera- 
tively in all patients. These levels in- 
creased during the first to fifth post- 
operative days, to fall again within 7 
to 14 days to normal. The fall was 
perhaps slightly slower in the jaun- 
diced patients (Fig 1). 

Blood Ammonia.—Ammonia values, 
both in the jaundiced and nonjaun- 
diced patients, increased postopera- 
tively to levels of 92umol to 216umol/ 
liter. Two weeks after the ligation, 
they still averaged 80ymol/liter in 
most patients (Fig 2). 

Prothrombin Index.—In jaundiced 
patients, the preoperative prothrom- 
bin index levels had fallen (48% to 
52%) and fell further after the liga- 
tion to levels of 18% to 42%, where 
they stayed for two weeks when they 
increased again. The prothrombin in- 
dex of the nonjaundiced patients 
could, on rather rare occasions, show 
signs of falling on the second to third 


postoperative days. 

Plasma Protein.—The plasma pro- 
tein levels (65 to 90 gm/liter) fell dur- 
ing the first postoperative weeks to 55 
to 64 gm/liter but began to increase 
subsequently in both the jaundiced 
and the nonjaundiced patients. 


Results 


The immediate postoperative re- 
covery was uneventful in all three 
jaundiced patients and in seven of all 
the patients. 

A nonjaundiced man, aged 75, died 
three weeks after the operation in 
which transversostomy was per- 
formed because of a local recurrence 
after sigmoid resection for adeno- 
carcinoma, and ligation of the hepatic 
artery because of hepatic carcinoma- 
tosis. Sepsis and a hepatic coma that 
gradually deepened resulted in death. 
A secondary infection of the necrotiz- 
ing tumor cavities after dearterializa- 
tion, therefore, may be a serious com- 
plication and cause destruction of the 
liver, a finding made at the autopsy. 

After the immediate postoperative 
period, the other seven patients had a 
distinct relief from pain. Decrease in 
the size of the liver and gain of 
weight were recorded. In the three 
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Fig 3.—Scintiscan of a 45-year-old man. 
Left, Before ligation of hepatic artery, when 
patient had severe jaundice. Very extensive 
activity defects are seen in middle part and 


jaundiced patients, the jaundice was 
relieved, as already mentioned. How- 
ever, the remission was temporary, 
and six patients of the total series 
died within two to seven months of 
the ligation of the hepatic artery, in- 
cluding two of the jaundiced patients 
whose survival times were three and 
four months, respectively (Table 1). 

A 45-year-old-man with primary 
cancer of the liver is still alive. This 
patient, who at first was critically ill 
and jaundiced, was fully symptom- 
free and capable of work three 
months after the hepatic artery liga- 
tion, when he refused to have another 
laparotomy. However, even then the 
scintiscan disclosed, in the central 
part of the liver, an activity defect 
that was extensive, though smaller 
and more sharply defined than that 
shown by the preoperative scintiscan 
(Fig 3). Aortography revealed that a 
network of thin collateral vessels ran 
past the site of ligation and that the 
intrahepatic arteries were slowly 
filled through the collateral vessels 
(Fig 4, top and bottom). At seven 
months, there was a recurrence of 
jaundice and other symptoms. An- 
other laparotomy was performed, 
without possibility of resection. This 
patient is now having cytostatic ther- 
apy with fluorouracil. 


Autopsy Findings 


In a jaundiced woman age 63, with 
primary, untreated esophageal carci- 
noma, autopsy findings disclosed an 
enlarged liver filled with tumors up to 
8 cm in diameter. Central necrosis 
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in left lobe. Right, Three months after liga- 
tion of hepatic artery, when patient was not 
jaundiced, there was still an extensive activ- 
ity defect in middle part of liver. 


with suppurating cavities was seen in 
the tumors. Tumor cells remained, 
however, along the margins of the 
cavities. Some small metastases with 
new malignant growth without ne- 
crosis were also seen in the liver (Fig 
5). 

The autopsy of a woman age 59, 
with primary cancer of the liver, re- 
vealed a greatly enlarged liver (6.5 
kg) filled with tumors with central 
necrosis. The interval between liga- 
tion of the hepatic artery and death 
was seven months. Two months be- 
fore her death, a liver biopsy speci- 
men had been taken from this pa- 
tient. Findings from histological 
examination showed tumor cells on 
the margins of a central tumor necro- 
sis (Fig 6). 


Comment 


Three of our patients had primary 
liver cancers, and five liver cancers 
were metastatic. The primary liver 
cancer is an uncommon form of can- 
cer in Finland, whereas the meta- 
static secondary malignant neoplasm 
in the liver occurs frequently, and 
there are few possibilities of treating 
it. The indications for therapeutic he- 
patic artery ligation are mostly found 
in cases of secondary cancer,” al- 
though it has been used to treat pri- 
mary cancer also.'*'**° In the present 
series, the tumors were so extensive 
and disseminated that resection was 
out of the question. 

We did not consider advanced jaun- 
dice a contraindication to hepatic ar- 
tery ligation, contrary to the recom- 


Fig 4.—Aortography three months after li- 
gation of hepatic artery in same patient as 
in Fig 3. Top, Network of collateral arteries 
(arrow) is visible, but branches of intrahe- 
patic hepatic artery have not yet been filled. 
Bottom, Branches of intrahepatic hepatic 
artery are filled via collateral network, by- 
passing site of ligation (arrow). 


mendation of Balasegaram.'* In the 
present series, clinical jaundice did 
disappear completely within varying 
intervals of the ligation. The in- 
creased bilirubin and alkaline 
phosphatase levels declined accord- 
ingly, the latter more slowly and in- 
completely. Thus, ligation of the he- 
patic artery, while producing a 
necrosis in the tumors of the liver, 
may also temporarily release the in- 
trahepatic cholestasis. Because of the 
ease of its performance, it is a better 
palliation than any known biliary 
shunt operation, and, moreover, has a 
lower mortality.” It is true that the 
biochemical values of liver function 
(ASAT and ALAT) rose transiently 
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tery showing necrotic suppurative tumor tissue (left) and small, new metastases without ne- 
crosis (right). Primary cancer of esophagus was untreated. 


immediately after the operation but 
declined again within 7 to 14 days, in 
accordance with earlier observa- 
tiong.: 1225 

Septicemia, possibly attributable to 
colostomy carried out simultaneously 
with the ligation, led to destruction of 
the liver in one of our patients. Surgi- 
cal procedures may lead to hepatic 
coma by a compounding of predis- 
posing factors, eg, severe infections.** 
Reduced cellular oxidative metabo- 
lism is the fundamental cause of the 
liver failure. Ammonia is metabolized 
into urea in the liver, in the ornithine 
cycle.** This process requires oxygen. 
If the availability of oxygen and 
adenosine triphosphate is inadequate, 
the blood ammonia level increases. 


_ This was observed in the present 


series, even in patients other than the 
one who died of hepatic coma. Avoid- 
ance of simultaneous operative proce- 
dures increasing the risk of infection 
must apparently be included in infec- 
tion prophylaxis, which consists of the 
administration of neomycin preoper- 


-= atively and penicillin G sodium post- 


operatively" 

The first case of the present series 
showed that ligation of the hepatic 
artery alone, without more extensive 
dissection of the liver, necrotized 
even large secondary tumors with a 
diameter exceeding 8 cm. But it did 
not prevent, as the primary tumor re- 
mained in position, the development 
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of new metastases within the follow- 
up period of four months. This is sup- 
ported by the autopsy findings that 
revealed in the liver a large number 
of completely necrotized, large and 
small metastatic tumors but also 
small, fully unaffected secondary tu- 
mors. 

Almersjö et alë recommended a por- 
tography via a small intestinal vein 
to ensure that the portal vein was not 
obstructed. This somewhat limits the 
surgical procedures if there is no pos- 
sibility of portography. However, 
some authors report mortality owing 
to portal vein thrombosis.*** For this 
reason, we refrained from portog- 
raphy although it would have been 
possible, and limited ourselves—per- 
haps taking a risk with a clinical ob- 
servation of any signs of increase in 
portal pressure. Advanced cirrhosis of 
the liver apparently is a contraindica- 
tion of dearterialization,'’ although li- 
gation of hepatic and splenic arteries 
is suggested in the treatment of cir- 
rhosis with ascites.’ 

Many authors" claim that, in ad- 
dition to the dearterialization, it is 
necessary to carry out a complete dis- 
section of the liver. However, as re- 
ported in some earlier studies,*” and 
also found in our series, a distinct ne- 
crosis of the tumors and remission of 
jaundice could be achieved by a liga- 
tion of the hepatic artery without an 
extensive dissection. Dissection of the 
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Fig 6.—Histologic findings in biopsy speci- 
men five months after ligation of hepatic ar- 
tery, showing normal liver, necrotic tumor 
tissue, and, between them, tumor cells that 
are not necrotized (arrow). 





liver in very ill patients entails more 
stress than hepatic artery ligation 
alone, which may explain the accom- 
panying relatively high operative 
mortality.'*'’ Furthermore, even an 
extensive dissection fails to ensure a 
complete dearterialization of the 
liver.” 

Bengmark and Rosengren” have 
shown that a rapid development of 
collateral vessels may occur after 
dearterialization, most often via the 
phrenicoabdominal, intercostal, and 
pancreaticoduodenal arteries. In our 
case 5, filling of hepatic arteries via a 
collateral network running toward 
the liver could be shown also. Thus, 
the ischemia of the hepatic tumors is 
of a rather short duration’ also if 
examined by the method reported by 
Gelin et al'* who injected radioactive 
xenon Xe 133 into the hepatic tumor. 
Some tumor cells survive dearteriali- 
zation, as was seen in the present 
series also, probably living saprophyt- 
ically on the hepatic cells." For 
this reason, it has been recommended 
that dearterialization be supple- 
mented by long-term, intraportal 
fluorouracil infusion% or two- 
stage liver resection or both meth- 
ods.” i 

Case 5 of the present series showed 
that if there were a possibility of 
relaparotomy, it should be done within 
two to three months of the ligation, 
an observation that agrees with the 
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earlier findings.” 

In our series, according to the types 
of primary cancer and the spread 
within the liver at the time of treat- 
ment, the prognosis should have been 
the poorest possible.: In view of 
this, our results are not bad although 
the cases were few. The prognosis for 
the jaundiced patients should perhaps 
have been even worse than for the 
others,” but it was not. On the con- 
trary, our experiences with the jaun- 
diced patients were promising from a 
palliative point of view. 

We intend to continue, in appropri- 
ate cases, the ligation of the hepatic 
artery without complete dissection, 
with the addition of fluorouracil infu- 
sien via the severed hepatic artery in 
order te avoid portal thrombosis, al- 
though it has been claimed that the 
surviving tumor tissue is receiving its 
bleod supply largely from the portal 
vein.” 


Nonproprietary Name and 
Trademarks of Drug 


Flūorouracil—Fluorex, Efudex. 
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Liver Trauma 


Conservative Management and the Liver Scan 


Julio Popovsky, MD; Stephen N. Wiener, MD; Peter A. Felder, MD; 
Aspi Biramje, MD; Melvin Reydman, MD, Cleveland 


Scintiscanning of the liver is an important 
examination in the detection of patients with 
both blunt and penetrating injury to the 
liver. This examination may define varying 
degrees of liver injury previously unde- 
tected. The scintigraphic recognition of he- 
patic injury does not necessarily dictate sur- 
gical intervention. Close clinical observation 
and conservative management may be used 
in selected instances as demonstrated by the 
cases reported here. 


he last several years have seen 
improvements in the diagnosis 
and management of hepatic injury 
resulting from both blunt and pene- 
trating abdominal trauma. Previously 
reported mortality associated with 
hepatic trauma’ have generally dic- 
tated prompt surgical intervention 
with treatment directed by the surgi- 
cal findings. More direct and accurate 
liver evaluation can be obtained by 
emergency liver scintiscanning. The 
newer imaging instruments and ra- 
diopharmaceuticals provide the physi- 
cian with more definitive information 
concerning the presence of a normal 
liver or of the injury spectrum rang- 
ing from subcapsular hematoma to 
stellate rupture to complete lacer- 
ation of a lobe. 

With the introduction of new diag- 
nostic methods, and in selected in- 
stances depending on the clinical 
status of the patient, conservative 
management may be utilized.** The 
following cases illustrate the role of 
hepatic scintiscanning in the man- 
agement of hepatic injury. 
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Report of Cases 


CASE 1.—A 24-year-old man was involved 
in a head-on collision July 9, 1971, and he 
sustained multiple injuries to the head, 
chest, and abdomen. On admission to the 
hospital July 13, he complained of right- 
sided chest pain radiating to the right 
upper quadrant. A chest roentgenogram 
showed a right pleural effusion. Physical 
examination findings disclosed tenderness 
and guarding over the right upper quad- 
rant with diminished breath sounds at the 
right lung base. The hematocrit reading 
was 29%; white blood cell (WBC) count, 
12,500/cu mm; serum glutamic oxaloacetic 
transaminase (SGOT), 38 international 
units (IU); serum glutamic pyruvic trans- 
aminase (SGPT), 27 IU; lactic dehy- 
drogenase (LDH), 262 IU/ml; and creati- 
nine phosphokinase (CPK), 91 IU. A liver 
sean (Fig 1), obtained on July 14, showed a 
large oblique area of decreased radio- 
activity separating the left lobe from the 
upper and lower parts of the right lobe. 
This was believed to represent a large he- 
patic fracture. Selective hepatic arterio- 
grams confirmed this diagnosis (Fig 2). 

The patient was maintained on a regi- 
men of bed rest with intravenously admin- 
istered fluids and broad-spectrum anti- 
biotics. The physical examination findings 
and abnormal results of chemical studies 
gradually returned to normal. Another 
scan taken on July 27, showed no change. 
The patient has remained well to the 
present. 

CASE 2.—A 19-year-old man involved in a 
car accident Jan 1, 1972, was transferred 
from another hospital with multiple in- 
juries to his head, chest, abdomen, and ex- 
tremities. On admission, blood pressure 
was 76/40 mm Hg. After infusion of 6,000 
ml of fluid and blood, his blood pressure 
was stabilized at 120/70 mm Hg. The pa- 
tient remained comatose with fixed, di- 
lated pupils. Results of blood studies 
showed concentrations of SGOT to be 185 
IU; SGPT, 317 IU; and LDH, 700 IU. There 
was persistent, gross hematuria. A chest 
roentgenogram disclosed a right hemo- 
pneumothorax with fractured ribs, 8, 9, 
and 10. A thoracotomy tube was inserted. 
A liver scan (Fig 3), performed Jan 4, dem- 


onstrated an ovoid area of diminished ra- 
dionuclide concentration involving the in- 
ferior aspect of the right lobe. This was 
interpreted as evidence of hepatic injury 
probably with a subcapsular hematoma. 
Selective celiac (Fig 4) and renal arterio- 
grams demonstrated a fractured right kid- 
ney and a hepatic hematoma. Because of 
persistent hematuria requiring several 
transfusions, a transabdominal right ne- 
phrectomy was performed Jan 9. Findings 
from examination of the liver confirmed 
the presence of a large subcapsular hema- 
toma on the undersurface of the liver that 
was left untouched. Following surgery, the 
patient remained unconscious, and there 
was progressive deterioration leading to 
death on Jan 17. There was no evidence of 
alteration of the hepatic status. 

Case 3.—A 71-year-old white man was 
admitted to the hospital with a gunshot 
wound of the right side of the chest. Physi- 
cal examination findings disclosed an alert 
patient, blood pressure 160/70 mm Hg, and 
pulse, 72 beats per minute. Examination of 
the abdomen was unremarkable. Values 
from laboratory examination included 
hematocrit reading, 36%; WBCs, 10,200/cu 
mm; SGOT, 47 IU; SGPT, 227 IU; and 
LDH, 327 IU. Chest and abdominal roent- 
genograms were normal except for metal- 
lic fragments seen lying over the right up- 
per quadrant. The patient was maintained 
on a regimen of intravenously adminis- 
tered fluids and broad-spectrum anti- 
biotics, but he did not take anything orally. 
Over the next several hours, he complained 
of right upper quadrant pain, and the area 
became tender on examination. Further 
chest and abdominal roentgenograms now 
disclosed effusion at the right lung base 
and air over the liver region. A hepatoscan 
was obtained (Fig 5) that was consistent 
with disruption within the right lobe. An 
arteriogram revealed laceration of the 
right kidney and an area of radiolucency 
and stretching of the arteries in the right 
lobe of the liver, consistent with intrapa- 
renchymal hematoma (Fig 6). Conserva- 
tive therapy was maintained, the abdomi- 
nal signs gradually subsided, and the 
patient was discharged from the hospital 
five days later fully recovered. 

CASE 4.—An 8-year-old girl was admitted 
to the hospital on March 11, 1973, after 
being hit by a car. On admission, her vital 
signs were stable. There were abrasions of 
the head, right flank, and extremities. The 
abdomen showed marked guarding through- 
out, with swelling in the right flank. No 
rebound was noted, and the bowel sounds 
were present and active. Abdominal roent- 
genograms demonstrated fractures of the 
transverse processes of L-1 and L-2. He- 
matocrit reading was 35%, WBC count, 
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Fig 1.—Rectilinear hepatoscan using tech- 
netium Tc 99m sulfur colloid. Large oblique 
void in distribution of radioactivity (wedge) 
consistent with a fracture (case 1). 


14.700/cu mm. On March 13, a liver scan 
(Fig 7) showed a defect in the lower por- 
tion of the right lobe, best seen on the 
right, anterior, oblique projection; this was 
rounded and consistent with a small sub- 
capsular hematoma. The patient was 
treated conservatively and was discharged 
frem the hespital on March 18, free of ab- 
dominal symptoms or signs. 

CASE 5.—A 39-year-old man was ad- 
mitted to the hespital on March 27, 1973, af- 
ter being assaulted. Physical examination 
findings disclosed an inebriated patient 
with injuries to the head, chest, abdomen, 
and extremities. There was tenderness in 
the abdomen, especially both upper quad- 
rants, but no guarding or rebound was evi- 
dent. Bowe! sounds were present and nor- 
mal. Hematocrit reading was 37%, and 
serum values were amylase, 95 IU; SGOT, 
146 IU; SGPT, 112 IU; LDH, 1,120 IU; and 
CPK 910 IU. A liver scan was obtained 
that showed a linear defect, consistent 
with a laceration (Fig 8). The patient was 
maintained on a regimen of bed rest and 
intravenously administered fluids; his con- 
dition remained stable, and he was dis- 
charged from the hospital on March 31, 
asymptomatic. 


Comment 


In our violent society, trauma to 
the abdomen remains one of the most 
frequent and challenging problems 
that confront the physician. Unlike 
penetrating wounds where the likeli- 
hoed of hepatic injury is readily ap- 
parent, a proper diagnosis following 
nonpenetrating trauma may be quite 
difficult te obtain and may rest on 
subtle findings. Hepatic injury is 
common, and laceration of the liver 
reportedly oceurs in from 5% to 10% 
of patients with blunt abdominal in- 
jury and is about one half as common 
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Fig 3.—Scintillation camera technetium 
Tc 99m sulfur colloid hepatoscan. Ovoid 
area of decreased radioactivity consistent 
with subcapsular hematoma (case 2). 


Fig 2.—Selective celiac arteriogram dem- 
onstrating displacement and stretching of 
hepatic arteries resulting from hepatic frac- 
ture (case 1). 


Fig 4.—Selective celiac arteriogram demonstrates extravasation of injected opaque mate- 
rial due to hepatic injury and arterial interruption. Extravasation occurs during arterial 
phase (left, white arrows) and persists during venous phase (right, black arrows) (case 2). 


Fig 5.—Large oval defect demonstrated by 
technetium Tc 99m sulfur colloid scintilla- 
tion camera hepatoscan resulting from gun- 
shot injury to liver (case 3). 


Fig 6.—Hepatogram phase of selective ce- 
liac arteriogram demonstrating air and ab- 
sence of injected opaque material at site of 
gunshot injury (case 3). 
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Fig 7.—Technetium Tc 99m sulfur colloid 
scintillation camera hepatoscan. Decreased 
radioactivity at right inferior and lateral as- 
pect of liver consistent with a small sub- 
capsular hematoma (case 4). 


as laceration of the spleen.’ The pres- 
ence of hepatic injury in association 
with abdominal trauma has a pro- 
found effect on the mortality that 
may be as high as 40% to 70%.’ Con- 
sequently, recognition of patients 
who have sustained hepatic injury, ei- 
ther by clinical methods or by radio- 
logical means, appears critical. 

In the past, surgical treatment has 
been employed for all patients sus- 
pected of having sustained liver in- 
jury.’ With the development and im- 
provement of hepatic scanning and of 
hepatic angiography, more frequent 
recognition of hepatic injury can be 
anticipated. In some instances, sug- 
gested by the examples described 
above, conservative management 
may be appropriate and perhaps 
advisable. 

We believe that all patients sus- 
pected of having hapatic injury, clini- 
cal conditions permitting, should have 
a hepatoscan. Depending on the scin- 
tigraphic findings and surgical con- 
siderations, hepatic angiography can 
then be performed in selected in- 
stances. All of the stationary imaging 
devices currently available enable 
hapatic scanning to be performed 
rapidly, and the use of such examina- 
tions has recently been emphasized in 
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Fig 8.—Scintillation camera hepatoscan 
demonstrating an oblique defect in distribu- 
tion of technetium Tc 99m sulfur colloid 
consistent with hepatic laceration (case 5). 


the emergency room. This noninva- 
sive procedure requires less than 30 
minutes, during which time multiple 
views can be obtained without dis- 
turbing the patient. Although the 
limits of resolution, especially at a 
depth, prevent recognition of lesions 
less than 2 to 2% em, clinically sub- 
stantial abnormalities should be rec- 
ognizable. Linear defects suggest he- 
patic laceration; larger defects, 
intraparenchymal hemorrhage, and 
less well-defined, pancake-like lesions 
represent subcapsular hematomas. 
Selective abdominal angiography 
requires considerably more time than 
hepatic scanning, but it may be indi- 
cated to further evaluate abnormal- 
ities uncovered by the scintigram or 
to display the appropriate anatomy 
prior to contemplated surgery. Three 
of the patients described above were 
evaluated additionally by selective 
abdominal angiography. The major 
arteriographic findings consisted of 
extravasation of opaque material into 
the area of injury, displacement of ar- 
teries and veins by hematoma, and 
areas of decreased density during the 
hepatogram phase. The angiographic 
findings in some cases appeared 
subtle when compared to the scinti- 
sean. In addition, the limited projec- 


tions obtainable on very ill patients 
along with its complexity make angi- 
ography less applicable as a routine 
examination for hepatic injury. 

It must be emphasized that the 
clinical findings should dominate con- 
siderations of management of the pa- 
tient. Recognition of hepatic injury 
should increase the suspicion of in- 
jury to other internal organs. All of 
the patients described had stable vi- 
tal signs throughout their manage- 
ment period except for case 2 where 
continued bleeding resulted from a 
ruptured kidney. This was the only 
patient in whom conservative man- 
agement was not the sole method 
used. 

The use of a conservative approach 
to hepatic injury has been similarly 
supported by Richie and Fenkalsrud,” 
and it appears likely that with in- 
creasing use of multiple diagnostic 
modalities, including the hepatoscan 
and, perhaps in the future, ul- 
trasound, liver injury will be more 
easily recognized. Greater selectivity 
in management, therefore, may be 
possible. Although surgery appears 
indicated for most patients with liver 
injuries, when clinical conditions per- 
mit, conservative management may 
be employed. 


Nonproprietary Name 
and Trademarks of Drug 


Technetium Te 99m sulfur colloid—Collo- 
scan-99m, Tesuloid Kit. 
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Cephalothin Levels in Human Bile 


Madhira D. Ram, MD, Sukawat Watanatittan, MD, Cleveland 


Cephalothin sodium levels in serum, gall- 
bladder bile, gallbladder tissue, and common 
duct bile were studied in both normal pa- 
tients and patients with biliary disease. The 
results show that cephalothin is concen- 
trated in bile in normal patients and patients 
with gallbladder disease. In the presence of 
jaundice, results are less conclusive. Follow- 
ing a single dose of the drug, peak level in 
bile was reached at two hours; the level at 
eight hours was less than 1ug/ml in patients 
with biliary drainage through a T tube in the 
common bile duct. 

Since the antibacterial spectrum of ceph- 
alothin includes a large number of common 
biliary pathogens, and since the concentra- 
tion of the drug in bile reaches levels higher 
than the minimal inhibitory and even bacte- 
ricidal concentration in the absence of ob- 
structive jaundice, it could be of value in the 
treatment of biliary infections. 


he role of bacteria in the 

causation of biliary infections 
and the place of antibiotics in treat- 
ment of these infections are of con- 
siderable interest. Normal bile is gen- 
erally considered sterile. Organisms 
have been obtained by culture in 10% 
to 90% of bile specimens obtained in 
different biliary diseases, with the 
higher figures in those with obstruc- 
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tion.’ The organisms most fre- 
quently isolated are Escherichia coli, 
streptococci (nonhemolytic), entero- 
cocci, Klebsiella species, and Staph- 
ylococcus aureus, with Clostridium 
perfringens, Proteus species, and 
salmonellae being less frequently iso- 
lated.’ 

In the treatment of these infec- 
tions, one should take into consid- 
eration not only the sensitivities of 
the infecting organisms to the differ- 
ent antibiotics, but also the levels of 
the antibiotic in the bile in the differ- 
ent pathological states. Antibiotics 
that are excreted in the bile in a high 
concentration for a long period would 
maintain effective minimum inhib- 
itory concentrations and thus would 
be of value.' In a study comparing the 
biliary excretion of nine antibiotics, 
Acocella et al‘ found that only tet- 
racycline and the rifamycin group are 
excreted in bile in high concentra- 
tions. However, rifamycins compete 
with excretion of bile pigments and 
thus result in jaundice.‘ Also, the 
study of Acocella et al did not include 
the newer cephalosporins. Cephalo- 
thin sodium (Keflin) is used fre- 
quently to combat infections due to 
the bacteria often isolated in bile, but 
there have been no data on the con- 
centration of this antibiotic in the hu- 
man bile. This report presents the re- 
sults of our study of cephalothin 
excretion in human bile in health and 
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Cephalothin Concentration in Human Bile 


Group 


Normal biliary tract 
(Group 1) 


Mean 


Chronic cholecystitis 
and cholelithiasis 
(Group 2) 


Mean 


Obstructive jaundice 
(Group 3) 


disease. 
Materials and Methods — 


Twenty-seven patients undergoing sur- 
gery were studied after informed consent 
was obtained. Patients were divided into 
four groups: group 1, four patients who did 
not have any biliary tract disease but were 
undergoing surgery for other abdominal 
conditions; group 2, 12 patients undergo- 
ing cholecystectomy for cholelithiasis or 
chronic cholecystitis or both; group 3, four 
patients with obstructive jaundice that 
was treated surgically; and group 4, seven 
patients who, following surgery, had a T 
tube in their common bile duct. A total of 
ten studies were made on this group, 7 to 
14 days after the T tubes were inserted. 


Dosage and Sampling 


All patients in groups 1 through 3 were 
studied following administration of a total 
of 8 gm cephalothin, given intravenously in 
divided doses of 2 gm every six hours. 
Samples were obtained 90 to 120 minutes 
after the last dose. Samples of gallbladder 
bile and common duct bile were obtained 
by needle aspiration or by cannulation of 
the cystic duct. After cholecystectomy, a 
piece of the gallbladder wall near the fun- 
dus was removed aseptically. In Group 1, 
no samples were obtained of gallbladder 
tissue or of common duct bile. Blood was 
drawn at the same time and centrifuged to 
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Gall- Gall- 
bladder bladder 
Bile, Tissue, 
ug/ml ug/ml 
176.0 
552.0 
600.0 
129.0 
364.0 
182.5 
129.0 


Common 


353.0 
151.0 
263.4 


130.0 
34.4 
103.5 
117.6 
126.0 
159.0 
7.0 
370.0 
53.8 





separate serum. 

Patients in group 4 received a single 
dose of 2 gm of the antibiotic, and samples 
of blood and T tube bile were collected at 
the beginning and at two-hour intervals up 
to eight hours after injection of the drug. 

All samples were frozen and kept at —20 
C until assay. 


Assay Procedure 


The samples were assayed for cephalo- 
thin concentration by the cylinder plate 
method using Sarcina lutea (American 
Type Culture Collection 9341).° The tissues 
were homogenized and suspended in phos- 
phate buffer at pH 6.0. The concentration 
of the antibiotic was obtained by reference 
to standard curves. 


Results 


None of the patients suffered death 
or any complication as a result of the 
addition of the study to their normal 
hospital course. 

The results of assay in groups 1 
through 3 are shown in the Table. In 
group 1, the mean concentration of 
cephalothin in serum was 16.7ug/ml, 
and in gallbladder bile, 364.0ug/ml. In 
group 2 (patients with chronic cho- 
lecystitis and cholelithiasis) the mean 
concentrations were as follows: in se- 
rum, 9.l6ug/ml; in gallbladder bile, 


Cephalothin Concentration, pg/ml 
on 


0 2 4 6 8 
Time, hr 


Cephalothin levels in T tube bile of group 
4 patients following single dose of 2 gm; 
ranges (vertical lines) and mean values 
(curve). 


159.0ug/ml; in common duct bile, 
47.7ug/ml; and in gallbladder tissue, 
72.4ug/gm. In group 3 patients (with 
obstructive jaundice), the mean levels 
were not calculated because of a wide 
range in the values. The results in 
group 4 are shown in the Figure. The 
mean peak concentration of Tug/ml 
was seen at two hours after injection 
of the antibiotic; at eight hours the 
concentration was less than lug/ml. 


Comment 


Our results show that cephalothin is 
excreted and concentrated in the hu- 
man biliary tract, both in normal pa- 
tients and in patients with chronic 
cholecystitis and cholelithiasis. In the 
normal patients, the mean ratio of 
gallbladder bile concentration to se- 
rum concentration was 22, while in 
patients with gallbladder disease the 
ratio was 17. In the patients with 
gallbladder disease, the level of anti- 
biotic in the common bile duct was 
about five times the serum level, 
while the level in gallbladder tissue 
was about eight times the serum 
level. The variation in the levels be- 
tween patients may be due to differ- 
ences in body weight (thus changing 
the dose/body weight ratio), subclini- 
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cal differences in liver function, intra- 
venous infusions, and differences in 
timing of samples. The level of ceph- 
alothin in the common bile duct re- 
fleets nearly the concentration in the 
intrahepatic biliary ducts. The high 
concentration of cephalethin in the 
gallbladder bile is probably due to 
water reabsorption in the viscus or to 
enterohepatic circulation. Passive dif- 
fusion or active transport may ac- 
count for the high levels in the gall- 
bladder wall. The levels noted in 
different parts of the biliary system 
are much higher than the minimal in- 
hibitory and even bacterieidal concen- 
trations for the common biliary path- 
ogens.* 

The variatiens in the serum levels 
of cephalothin in the different groups 
is most likely due to differences in 
timing of samples. In normal and 
jaundiced patients, the samples were 
obtained soon after opening the abdo- 
men; in those with gallbladder dis- 
ease, sampling of blood was generally 
later, to coincide with removal of the 
gallbladder. These variations are 
within the ranges reported previ- 
ously, and are consistent with the dis- 
tribution and rapid renal excretion of 
the drug.* There were no known dif- 
ferences in renal function between 
the patients in the different groups. 
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The variable excretion of cephalo- 
thin in the patients with jaundice 
does not permit any definite conclu- 
sion. Most antibiotics are not ex- 
creted or are excreted in low concen- 
tration in bile in presence of jaundice. 
This is probably due to impairment of 
excretory function of the liver cell. 
In presence of jaundice, but with 
other normal liver function tests, im- 
paired excretion of antibiotics in bile 
may be due to a specific defect in the 
excretory function of the hepatocyte 
for the antibiotic. 

After a single dose of 2 gm cephalo- 
thin, the concentration of the drug in 
bile was less than lug/ml at eight 
hours. This suggests that the drug 
should be given every four hours, or 
at least every six hours, to maintain 
adequate levels in bile. 

In studies of antibiotic concentra- 
tion in bile, data from animal experi- 
ments cannot be applied to the hu- 
man situation. Ampicillin has been 
shown to be concentrated in the bile 
in rats” and in dogs," but in the hu- 
man the results were opposite, and 
ampicillin is not concentrated in hu- 
man bile.: 

Different methods of obtaining bili- 
ary samples have been described. 
Duodenal aspiration is a poor tech- 
nique, since the results are affected 
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by dilution of bile by gastroduodenal 
secretions and also by the pH. We 
have used both preoperative collec- 
tions and also T tube bile collections. 
The latter is particularly suited for 
obtaining kinetic data. None of the 
methods allow accurate quantitative 
evaluation of antibiotic recovery, but 


this is not a serious disadvantage. In | 


therapeutic studies, the concentration 
of the drug is more important than 
the total amount recovered. 

Our results show that cephalothin is 
excreted in high levels in the human 
bile both in normal patients and in 
patients with gallbladder disease, 
while in obstructive jaundice the re- 
sults are less certain. Hence the drug 
is indicated in treatment of biliary 
infections without jaundice and may 
be of value even in patients with 
jaundice and infection. A dose of 2 
gm should be given at least at six- 
hour intervals to maintain adequate 
levels when external biliary drainage 
is affected. 
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Simple Cystectomy in the Management 


of Bladder Carcinoma 


Justin J. Cordonnier, MD, St. Louis 


Cystectomy was performed for manage- 
ment of carcinoma of the urinary bladder in 
a series of 307 patients. Urinary diversion 
was performed by ureterosigmoidostomy in 
78, and ileal loop diversion in 229 patients. 
A five-year survival rate of 31.0% in the ure- 
terosigmoidostomy series and 36.2% in the 
ileal loop series was obtained. A surprising 
number of patients, in whom penetration 
through the entire bladder wall had oc- 
curred, survived the five years (approxi- 
mately 30%). Simple cystectomy remains a 
valuable tool in the management of carci- 
noma of the urinary bladder. 


he management of carcinoma of 
the urinary bladder still remains 

one of the great challenges that con- 
front the urologist. The wide vari- 
ation in grade of malignancy and the 
depth of bladder wall penetration of 
the tumors contribute substantially 
to the complexity of the problem. 
Furthermore, the grade of malig- 
nancy in recurrent tumors may in- 
crease over the years. The flat, sessile 
tumors of high-grade malignancy 
present little problem in manage- 
ment in that immediate, radical sur- 
gery is clearly indicated. Likewise, 
the multiple grade-I, Jewett-A papil- 
lomas may almost certainly be man- 
aged by endoscopic means. It is the 
grade II and III lesions, with their 
multiple recurrences, that require 
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continuous, careful observation and a 
high degree of surgical judgment to 
determine the time for a radical sur- 
gical approach. 

A good example of the difficulty en- 
countered in periodic follow up is 
demonstrated by a patient who ap- 
peared cystoscopically with a lesion so 
small that a biopsy was made with 
some reluctance (Figure, left). Micro- 
scopical study revealed a very super- 
ficial, grade-II lesion, but in the mus- 
cularis there was a collection of tumor 
cells in a lymphatic vessel (Figure, 
right). In spite of immediate cys- 
tectomy, the patient died of meta- 
static disease within two years. 

At this institution, the following 
criteria have been adopted as indica- 
tion for cystectomy and urinary di- 
version: sessile lesions of high-grade 
cellular malignancy, except for those 
lesions located on the dome of the 
bladder; biopsy evidence of muscle in- 
vasion; rapid recurrence of tumors of 
increasing cellular malignancy; and a 
contracted bladder with uncontrol- 
lable bleeding following supervoltage 
radiation. 

A total of 307 patients are included 
in this retrospective study. In the 
first 78 patients, ureterosigmoidosto- 
my was used as the method of urinary 
diversion. In the last 229 patients, 
ileal loop diversion was used. Simple 
cystectomy without lymph node dis- 
section or preoperative radiation was 
employed in all cases. It is my belief 
that the value of extensive lymph 
node dissection is definitely limited in 
that the survival rate of patients with 


abnormal nodes at the time of sur- 
gery is very low indeed. The added 
morbidity resulting from the addi- 
tional surgery required for lymph 
node dissection is greater than the 
advantage of the occasional cure that 
one may obtain when that method is 
employed. 


Comment 


It is my belief that in all cases of 
bladder carcinoma spread of the tu- 
mor is primarily dependent on inva- 
sion of the lymphatics. This is well 
substantiated by the general accept- 
ance of the classifications of Jewett 
and Marshall. Obviously, the deeper 
the penetration into the bladder mus- 
culature the more extensive the lym- 
phatic network, hence a greater op- 
portunity for lymphatic involvement. 
Another confirmatory fact is the five- 
year survival rate of 20.0% of the pa- 
tients with Jewett-C tumors in the 
ureterosigmoidostomy series and 
30.8% in the ureteroileostomy series. 
It would appear that although the tu- 
mor had penetrated the entire blad- 
der wall, for some unexplained rea- 
son, lymphatic involvement did not 
occur. 

This thinking has also influenced 
my decision to employ segmental re- 
section on high-grade tumors located 
on the dome of the bladder when suf- 
ficient normal bladder may be re- 
moved with the tumor. If lymphatic 
invasion has occurred, the chances of 
arresting the tumor are almost nil. If 
it has not occurred, the advantage of 
total cystectomy over adequate seg- 
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Left, Grade-l| lesion (hematoxylin-eosin, X 70). Right, Collection of tumor cells in lym- 
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phatic vessel of muscularis (hematoxylin-eosin, Xx 200). 


Cystectomy With Ileal Loop Diversion, Survival Jewett Classification 
and by Grade of Tumor : 


Survival, yr 


Jewett class 
A 


Bl 
B2 


Epidermoid or 
Adenocarcinoma 


mental reseetion would be limited. 

This series of cystectomy patients 
undergoing ureterosigmoidostomy is, 
in essence, a closed series since 
ureterosigmoidostomy has been em- 
ployed rarely since 19538, at which 
time I adopted the ileal loop as a 
superior means of urinary diversion. 
I still utilize ureterosigmoidostomy 
far urinary diversion following cys- 
tectomy in poor-risk patients, or in 
patients in whom I believe that the 
primary lesion probably has not been 
eradicated by surgery. 

Of a total of 78 cystectomy patients 
who underwent.ureterosigmoidostomy 
in this series, 24 (31%) patients sur- 
vived five years or more; the average 
longevity of five-year survivors was 
nine years; and the operative mortal- 
ity was 7.6%. 

According to the Jewett classifica- 
tion, in the ureterosigmoidostomy 
series, there were 14 (40.0%), 3 
(33.38%), and 7 (20.6%) five-year sur- 
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Survival 
5 yr, % 


5 and 


over Total 


31 46.2 
24 52.2 
12 40.0 
11 30.8 

11.1 


50 

37.7 
42.9 
28.9 


46.1 





vivors in classes A and B1, B2, and C, 
respectively. The total number of 
cases in each group was 35, 9, and 34, 
respectively. 

In the ureterosigmoidostomy se- 
ries, most of the five-year survivors 
were in the Jewett A and B1 classes. 
However, it is noteworthy that there 
were seven five-year survivors of the 
Jewett C variety, one of whom sur- 
vived for over 15 years. The survival 
of an occasional patient with pene- 
tration through the entire bladder 
wall has encouraged me to perform 
cystectomy on any patient in whom I 
believe there is the slightest chance 
of total excision of the tumor. This 
philosophy has undoubtedly adversely 
affected the overall five-year survival 
rate. However, management of the 
average patient in the end stages of 
bladder cancer when the bladder is 
still present is so horrendous that I 
have continued to employ this ap- 
proach. 
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The overall survival rate for five 
years or more in the ureterosigmoid- 
ostomy series was 31.0% (24), and 
in the much larger ureteroileostomy 
series, 36.2% (82). 

Of a total number of 229 patients in 
the latter series, 134 died within five 
years, and 13 patients were lost to 
follow-up and were considered to be 
dead within five years. It is my belief 
that ureteroileostomy is a superior 
method of urinary diversion, and the 
differences in five-year survival are 
probably accounted for on this basis. 
The operative mortality for the two 
series was 7.6% and 7.8%, respectively 
(Table). 

All patients with grade-I, Jewett-A 
tumors were subjected to prolonged 
conservative management prior to 
cystectomy. This probably accounts 


for the comparatively poor five-year 


survival rate in these groups when 
compared to similar reports on con- 
servatively managed patients. Sim- 
ilarly, many of the grade-II, Jewett- 
B1, patients had long periods of con- 
servative endoscopic treatment prior 
to cystectomy. As would be expected, 
the best five-year survival rate was 
obtained in the A and B1 groups. Sur- 
vival by grade is surprisingly uniform 


and probably accounted for by a more ~ | | 


aggressive approach in the manage- 
ment of the grade III and IV lesions. 


Editorial Comment 


In addition to the survival data relating 
to the stage and grade of carcinoma, this 
summary of an extensive long-term expe- 
rience with cystectomy in the management 
of patients with carcinoma of the bladder 
provides a limited opportunity to compare 
the survival rates of ureterosigmoidosto- 
my and ileal conduit diversion in this 
group of patients. I am impressed by the 
relatively slight difference in survival rates 
as related to the method of diversion 
(31.0% for ureterosigmoidostomy vs 36.7% 
for ileal conduit); furthermore, the average 
longevity of the five-year survivor sub- 
jected to ureterosigmoid diversion was 
nine years. It would seem probable that 
ureterosigmoid diversion may well deserve 
a more prominent role in the management 
of patients with carcinoma of the bladder 
than it has enjoyed in the past few years. 

JOHN T. GRAYHACK, MD 
Chicago 
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In 16 years of use in the United States, 
FLUOTHANE (halothane) has been ad- 
ministered over 100 million times ina wide 
variety of surgical procedures. 100 million 
...extensive usage and evaluation that 
attests to FLUOTHANE as the most widely 
used inhalant anesthetic. 

Since it was first introduced, over 
4,000 papers worldwide have been pub- 
lished, ranging from review articles to 
in-depth studies. 4,000 papers... 

a’ bibliographic record of note on the most 
widely used inhalant anesthetic. 

Ina continuing program of informa- 
tional services on anesthesiology, Ayerst 
provides printed and audiovisual aids 
reflecting the opinions and experiences of 
recognized authorities in the field. These 
include the highly regarded series on 
Anesthesia Rounds and Clinical Aspects of 
Anesthesiology, as well as several films of 
educational value—all available through 


FLUOTHANE cHacotuane) 
OVER 100 MILLION 
ADMINISTRATIONS 


@ nonflammable, nonexplosive 

@ permits use of high concentrations of 
oxygen 

@ allows free use of cautery for more 
adequate control of bleeding 

èe minimal odor facilitates smooth, rapid 
induction, reduces patient distress 

@ early obtundation of pharyngeal and 
laryngeal reflexes facilitates intubation 
@ lessens airway problems 

è permits rapid adjustment of depth of 
anesthesia 

@ emergence is rapid and tranquil with 
quick recovery of protective reflexes 

e minimal nausea and vomiting, shorter 
recovery room stay 








A t See last page of advertisement 
yers ® for prescribing information. 
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FLUOTHANE’ 


brand of halothane 
the most widely used 


inhalant anesthetic 


from 


for precision, experience, 
quality, and service 


(Complete text of package circular.) 

Description. FLUOTHANE, brand of halo- 
thane, is an inhalation anesthetic. It is 
2-bromo-2-chloro-1, 1, 1-trifluoroethane 
and has the following structural formula: 


F Br 
Cl 





cab —— C 
F H 


The specific gravity is 1.872-1.877 at 
20° C., and the boiling point (range) is 
49° C.-51° C. at 760 mm. Hg. The vapor 
pressure is 243 mm. Hg at 20° C. The 
blood/ gas coefficient is 2.5 at 37° C., and 
the olive oil/water coefficient is 220 at 
37° C. Vapor concentrations within anes- 
thetic range are nonirritating and have a 
pleasant odor. FLUOTHANE is nonflam- 
mable, and its vapors mixed with oxygen 
in proportions from 0.5 to 50 per cent 
(v/v) are not explosive. 

FLUOTHANE does not decompose in 
contact with warm soda lime. When mois- 
ture is present, the vapor attacks alumi- 
num, brass, and lead, but not copper. 
FLUOTHANE is soluble in rubber, some 
plastics, and similar materials; such ma- 
terials will deteriorate rapidly in contact 
with FLUOTHANE vapor or liquid. Stabil- 
ity of FLUOTHANE is maintained by the 
addition of 0.01 per cent thymol (w/w), 
and storage is in amber colored bottles. 

FLUOTHANE should not be kept indefi- 
nitely in vaporizing bottles not specifically 
designed for its use. It is recommended 
that vaporizers be emptied at the end of 
each operating day. Thymol does not vol- 
atilize along with FLUOTHANE, and there- 
fore accumulates in the vaporizer, and 
may, in time, impart a yellow color to the 
remaining liquid or to wicks in vaporizers. 
The development of such discoloration 
may be used as an indicator that the va- 
porizer should be drained and cleaned, 
and the discolored FLUOTHANE (halo- 
thane) discarded. Accumulation of thy- 
mol may be removed by washing with 
diethyl ether. After cleaning a wick or 
vaporizer, make certain all the diethyl 
ether has been removed before reusing 
the equipment to avoid introducing ether 
into the system. 

Actions. FLUOTHANE is an inhalation 
anesthetic. Induction and recovery are 
rapid and depth of anesthesia can, be 


rapidly altered. FLUOTHANE progres- 
sively depresses respiration. There may 
be tachypnea with reduced tidal volume 
and alveolar ventilation. FLUOTHANE is 
not an irritant to the respiratory tract, 
and no increase in salivary or bronchial 
secretions ordinarily occurs. Pharyngeal 
and laryngeal reflexes are rapidly ob- 
tunded. It causes bronchodilation. Hy- 
poxia, acidosis, or apnea may develop 
during deep anesthesia. 

FLUOTHANE reduces the blood pres- 
sure, and frequently decreases the pulse 
rate. The greater the concentration of the 
drug, the more evident these changes 
become. Atropine may reverse the brady- 
cardia. FLUOTHANE does not cause the 
release of catecholamines from adrener- 
gic stores. FLUOTHANE also causes dila- 
tion of the vessels of the skin and skeletal 
muscles. l 

Cardiac arrhythmias may occur during 
FLUOTHANE anesthesia. These include 
nodal rhythm, AV dissociation, ventricular 
extrasystoles and asystole. FLUOTHANE 
sensitizes the myocardial conduction sys- 
tem to the action of epinephrine and 
norepinephrine, and the combination 
may cause serious cardiac arrhythmias. 
FLUOTHANE increases cerebral spinal 
fluid pressure. FLUOTHANE produces 
moderate muscular relaxation. Muscle 
relaxants are used as adjuncts in order to 
maintain lighter levels of anesthesia. 
FLUOTHANE augments the action of non- 
depolarizing relaxants and ganglionic 
blocking agents: FLUOTHANE is a potent 
uterine relaxant. 

Indications. FLUOTHANE (halothane) is 
indicated for the induction and mainte- 
nance of general anesthesia. 
Contraindications. FLUOTHANE should 
be avoided when a previous exposure was 
followed by fever and jaundice, or when 
there was an unexplained postoperative 
fever. 

FLUOTHANE is not recommended for 

obstetrical anesthesia except when uter- 
ine relaxation is required. 
Warnings. FLUOTHANE should be used in 
vaporizers that permit a reasonable ap- 
proximation of output, and preferably of 
the calibrated type. The vaporizer should 
be placed out of circuit in closed circuit 
rebreathing systems; otherwise overdos- 
age is difficult to avoid. The patient 
should be closely observed for signs of 
overdosage, i.e., depression of blood pres- 
sure, pulse rate, and ventilation, particu- 
larly during assisted or controlled ventila- 
tion. 

Usage in Pregnancy: Safe use of 
FLUOTHANE has not been established 
with respect to possible adverse effects 
upon fetal development. Therefore, 
FLUOTHANE should not be used in 
women where pregnancy is possible and 
particularly during early pregnancy, un- 
less, in the judgment of the physician, 
the potential benefits outweigh the un- 
known hazards to the fetus. 
Precautions. Cirrhosis or other abnormal- 
ities involving liver dysfunction, including 
a history of viral hepatitis, may be a 
basis for selecting an anesthetic other 
than a halogenated agent. 


The uterine relaxation obtained with 
FLUOTHANE, unless carefully controlled, 
may fail to respond to ergot derivatives 
and oxytocic posterior pituitary extract. 

FLUOTHANE increases cerebrospinal 
fluid pressure. Therefore, in patients with 
markedly raised intracranial pressure, if 
FLUOTHANE is indicated, administration 
should be preceded by measures ordin- 
arily used to reduce cerebrospinal fluid 
pressure. Ventilation should be carefully 
assessed, and it may be necessary to as- 
sist or control ventilation to insure ade- 
quate oxygenation and carbon dioxide 
removal. ' 

Epinephrine or norepinephrine should 
be employed cautiously, if at all, during 
FLUOTHANE (halothane) anesthesiasince 
their simultaneous use may induce ven- 
tricular tachycardia or fibrillation. 

Nondepolarizing relaxants and gangli- 
onic blocking agents should be adminis- 
tered cautiously, since their actions are 
augmented by FLUOTHANE. 

Adverse Reactions. The following adverse 
reactions have been reported: hepatic 
necrosis, cardiac arrest, hypotension, 
respiratory arrest, cardiac arrhythmias, 
hyperpyrexia, shivering, nausea, and 
emesis. 

Dosage and Administration. FLUOTHANE 
may be administered by the nonrebreath- 
ing technic, partial rebreathing, or closed 
technic. The induction dose varies from 
patient to patient. The maintenance dose 
varies from 0.5 per cent to 1.5 per cent. 
How Supplied. No. 3125—Unit packages 
of 125 cc. and 250 cc. of halothane sta- 
bilized with 0.01% thymol (w/w). 


Ayerst AYERST LABORATORIES 
“| New York, N.Y. 10017 


FLUOTHANE® (halothane) is available 
in the United States by arrangement with 
Imperial Chemical Industries Ltd. 7317 


Experimental Surgery 





Prolonged Total Left Ventricular 


Bypass in Dogs 


Don R. Miller, MD, Walter Ashcraft, MD, Kansas City, Kan 


Total left ventricular bypass without 
thoracotomy was done for periods of 12 
threugh 48 hours in 22 dogs to study toler- 
ance and various changes, especially on 
bloed proteins. Thirty-two percent of the 
dogs were long-term survivors. No animal 
that was perfused 48 hours was a long-term 
survivor. 

Changes in blood protein concentrations 
were evident with slight change in plasma 
turbidity after 12 hours, but a substantial in- 
crease in viscosity was noted at 36-hour and 


e left ventricular bypass method 

has been used to support myo- 
cardial function under various experi- 
mental and clinical conditions. The 
development of the cannula by Den- 
nis et al'-* has permitted left ventric- 
ular bypass without thoracotomy. 
While partial bypass techniques using 
this method have been employed suc- 
cessfully for periods up to 30 hours in 
animals,’ the theoretical advantages 
of total left ventricular bypass have 
been reported by this‘ and other labo- 
ratories.*’° This study was undertaken 
to determine the tolerance and the 
physiological, metabolic, and patho- 
logieal effects of prolonged total 
left ventricular bypass without thora- 
cotomy. 


Aceepted for publication Aug 14, 1973. 

Frem the Department of Surgery, University 
of Kansas Medical Center, Kansas City. 

Reprint requests to Department of Surgery, 
University of California at Irvine, Irvine, CA 
92664 (Dr. Miller). 
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48-hour levels. Total protein and serum albu- 
min concentrations showed mild reduction 
late in the perfusion. 

Formed-element changes included sub- 
stantial elevation in plasma hemoglobin level 
and leukocyte response with marked reduc- 
tion in platelets. Blood pH and blood 
gas determinations showed little change 
throughout. Profound morphologic changes, 
believed to be embolic in origin, were noted 
in liver, kidneys, lungs, and myocardium. 


Method 


Twenty-seven, healthy mongrel dogs 
weighing between 22 and 33 kg were used. 
A sterile technique was employed. The an- 
esthetic was pentobarbital, administered 
intravenously, both initially and inter- 
mittently throughout the procedure as nec- 
essary to maintain narcosis. An endotra- 
cheal tube was inserted, but respirations 
were not supported unless needed. The 
common femoral artery and vein were can- 
nulated for continuous pressure monitor- 
ing and for intermittent bleod sampling. 

An extracorporeal circuit consisted of a 
continuous, 9.4-mm internal diameter seg- 
ment of polyvinyl tubing that was perfo- 
rated in one localized section. The perfo- 
rated area was enclosed by a polyvinyl 
sleeve, the ends of which were sealed by 
tape around the tubing, making a reservoir 
that could receive blood and permit its 
withdrawal by the occlusive roller pump lo- 
cated 50 cm downstream. The roller pump 
was calibrated by direct flow measure- 
ment. The circuit returned blood to a can- 
nula in the common femoral artery. In 
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some experiments, a Gross bubble trap and 
filter were inserted in the line between 
pump and animal. The circuit was primed 
with heparinized Ringer lactate solution. 

Samples were taken at the beginning of 
the experiment and at intervals through- 
out for measurement of blood gases, pH, 
plasma hemoglobin level, white blood cell 
(WBC) and platelet counts, serum glutamic 
oxaloacetic transaminase (SGOT) level, se- 
rum protein electrophoresis, plasma tur- 
bidity and viscosity, and serum creatinine 
level and creatinine clearance. Evaluations 
of arterial blood pressure, central venous 
pressure, electrocardiographic data, esoph- 
ageal temperature, and urinary output 
were made continuously, and central 
venous and arterial pressures were 
recorded intermittently. 

The animal was heparinized with 300 
units/kg, and 100 units/hr in lactated 
Ringer solution were added subsequently 
during the period of the bypass. 

The Dennis-Senning cannula was in- 
serted into the right, external jugular vein, 
perforating the atrial septum, and into the 
left ventricular cavity. The left ventricular 
position was recognized by palpation of the 
left ventricular pulse pressure in the plas- 
tic tubing segment of the cannula. The 
cannula then was attached to the end of 
the tubing circuit, and blood flowed by 
gravity aided by left ventricular contrac- 
tions into the collapsible sleeve bag that 
was placed approximately 1 m below the 
level of the heart. The bag was placed in a 
water bath to maintain temperature, and 
the animal was covered additionally with 
drapes to conserve heat. The blood then 
was returned to the animal by the roller 


pump. 
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The pump speed was adjusted to par- 
tially collapse the drainage bag so as to 
prevent left ventricular ejection through 
the aortic valve. Flows of 1.8 to 3.0 liters 
were common. Fresh, heparinized, homolo- 
gous, unmatched blood was transfused as 
required to maintain adequate pulmonary 
venous return and aortic blood pressure. 

Animals were perfused for periods of 12 
to 48 hours. At the termination of the ex- 
periment, the animal was decannulated 
and killed or permitted to survive and later 
killed and autopsied. Major organs were 
sectioned and examined grossly and micro- 
scopically. 

Standard laboratory methods were used 
for determinations of blood and serum 
samples. Endogenous creatinine clear- 
ances were calculated with the use of the 
standard formula: Clearance (ml) = 
Cu x U/Cp, where U = urine flow (ml); Cu 
= creatinine concentration, mg/100 ml in 
urine; and Cp = creatinine concentration 
in plasma, mg/100 ml. 

Hourly urine volumes were recorded, 
and, at six-hour intervals, the hourly vol- 
umes were averaged to determine the out- 
put. All values were corrected to a stan- 
dard of 25 kg by multiplying the factor 
(actual weight xX 25 kg) for each animal. 

Plasma viscosity measurements were 
done by the capillary flow method with the 
use of an Ostwald viscometer immersed in 
a constant-temperature water bath.’ Sam- 
ples were centrifuged, oxalated, and fro- 
zen until all samples from each experiment 
could be measured at similar conditions. 
On thawing, samples were filtered. Three 
measurements were taken and the average 
value used. 

Plasma turbidity studies were done in 
triplicate on oxalated plasma samples, 
which were frozen until all samples could 
be run together. Values are in OD units as 
measured on the spectrophotometer at 450 
mp against water blanks. Means were com- 
pared with the use of the Student ¢ test 
with calculation of degrees of freedom tak- 
ing into account variance equality. 


Results 


Data are tabulated in Table 1. 
Trends of mean values are shown 
graphically in Fig 1. 

Flow rates of blood used through- 
out the experiments were maintained 
at maximal levels to maintain blood 
pressure greater than 100 mm Hg 
and normal central venous pressure. 
Flows exceeded 80 ml/kg in all ani- 
mals throughout the bypass period 
and usually exceeded 100 ml/kg. 
Mean blood pressure was maintained 
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Table 1.—Mean Values of Studies Before and During Total Bypass 



































Duration of Standard No. of 
Bypass, hr Mean + Deviation Dogs 
Total proteins 0 5.62 0.77 26 
6 6.11 0.54 13 
12 5.82 0.54 22 
24 5.05 0.32 16 
36 5.25 0.49 6 
48 5.13 0.57 4 
Day 1 J BER,» cant 
Albumin % 0 37.3 7.6 24 
6 35.6 <a, 15 
12 34.9 6.7 22 
24 34.8 5.8 17 
36 33.1 5.5 7 
48 31.5 4.7 4 
Day 1 38.8 7.3 5 
Plasma turbidity, OD units 0 0.096 0.045* 13 
12 0.135 0.032* 13 
24 0.127 0.045 13 
36 0.117 0.045 6 
48 0.114 0.032 4 
Day 1 yi A Nae 
Plasma viscoscity, sec 0 104.7 10.8* 25 
6 115.2 12.5* 15 
12 109.0 13.7 22 
24 113.2 10.8 17 
36 123.1 12.4 7 
48 126.4 4.3 3 
Day 1 100.8 14.2 7 
SGOT, units 0 18.8 S:7:: 25 
6 47.5 37.8 13 
12 121.9 54.6 22 
24 261.1 151.3 16 
36 257.8 105.9 6 
48 255.8 81.9 4 
Day 1 379.1 173.3 7 
Plasma hemoglobin, mg/100 ml 0 32.9 35.04* 24 
6 81.1 46.50* 12 
12 188.5 131.70* 21 
24 159.2 126.20 16 
36 88.2 58.70 6 
48 74.3 57.50 4 
Day 1 7 FAA pe 
Serum creatinine, mg/100 ml 0 1.0 0.3 11 
6 0.9 0.3 7 
12 0.9 0.3 14 
24 0.8 0.3 13 
36 0.9 0.4 7 
48 15 1.0 4 
Day 1 ou Pe Fj 
Creatinine clearance, ml/min 0 36.6 28.2 8 
6 64.3 46.1 6 
Le 42.9 30.2 14 
24 49.4 25.8 14 
36 27.8 10.9 5 
48 CFA 4.0 3 
Day 1 iy | WAY. 
pH 0 7.304 0.032 
6 7.339 0.093 
12 7.342 0.065 
24 7.342 0.105 
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Platelets, 1,000/cu mm 0 


Duration of Standard No. of 
Bypass, hr Mean + Deviation Dogs 
pH (centinued) 36 7.323 0.095 
48 7.307 0.107 
Day 1 eae ak 
Urinaryeoutput ,ml/min/25 kg 0 0.16 0.15 
6 0.26 0.16 
12 0.28 0.19 
24 0.24 0.15 
36 0.25 0.18 


| Table 1—Mean Values of Studies Before and During Total Bypass (Continued) 
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122 56.5 22 
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Table 2.—Animal Survival After Total Left Ventricular Bypass 


No. of Degs 
Perfused 
(Determinant 
Graup) 


5 


Duratien of 
Perfusion, hr 


E 

24 5 
a0 3 
35 1 
46 5 
Tota 22 


by increasing flow rate and adding 
additional heparinized blood or lac- 
tated Ringer solution. Eeparinized 
animals. were found to lose large 
amounts of blood even through small, 
loealized cannulation sites over the 
prolonged bypass. 

Complete bypass was evident when 
the aortie pulse was that of the pump 
without superimposed left ventricular 
ejections. In a few animals, in spite of 
increasing the flow rate or shifting 
the cannula position, left ventricular 
ejections were evident oecasionally. 
In all experiments, the heart contin- 
ued to beat throughout the period of 
bypass. We did not observe the syn- 
chronization of heart beat with the 


pump, which has been repcrted previ- 


ously.* The ECG usually remained es- 
sentially unchanged throughout the 
experiment except for S-T segment 
variation. 

The perfusion circuit proved re- 
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No. of Dogs 
Survivng 
Bypass 





No. of 
Early Deaths, 


No. of 
Long-Term 


liable in reflecting changes in blood 
volume, and body temperature was 
easily maintained at normothermia 
by immersing the collapsible reser- 
voir in a water bath and by using ex- 
ternal drapes. In most instances, the 
perfusion system was balanced and 
required little adjustment over long 
periods of time. Constant vigilance 
was necessary, however, because, in a 
few instances, rapid depletion of the 
blood in the reservoir because of a fall 
in venous return resulted in collapse 
of the reservoir and the aspiration of 
air through the junctions of the reser- 
voir with tubing and subsequent gas 
embolization. 

Blind placement of the bypass can- 
nula could usually be accomplished 
with ease; but when the external 
jugular vein was small, limiting free 
movement, or when the limbus of the 
right atrial septum was not easily en- 
gaged, the orientation of the cannula 
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tip became obscure, and perforation 
of the atrial wall or, in one instance, 
the inferior vena cava could result. 

Plasma Proteins.—Total protein con- 
centrations in the plasma remained 
essentially unchanged throughout the 
first 12-hour period of perfusion but 
decreased slightly at 24 through 48 
hours. The albumin fraction showed 
mild reduction after 36 through 48 
hours of perfusion. 

Turbidity.—Examination of plasma 
for turbidity showed a slight increase 
in optical density after 12 hours of 
bypass without further substantial 
change throughout the remainder of 
the perfusion. 

Plasma Viscosity.—The plasma vis- 
cosity pattern is plotted in Fig 2. A 
significant increase in viscosity 
(P<0.05) was observed at the 36-hour 
and 48-hour levels. 

Blood pH.—Blood pH was essen- 
tially unchanged throughout the pe- 
riod of perfusion, which indicated ad- 
equate perfusion of tissues. Sodium 
bicarbonate was not used. 

Formed Elements.—The blood plate- 
let count was noted to be decreased 
substantially in the peripheral blood 
after 12 hours of bypass, with a fur- 
ther progressive fall to a mean of 
42,000/cu mm after 48 hours. 

Red blood cell destruction was evi- 
denced by an increase in the plasma 
hemoglobin level to high levels by six 


hours with the peak at 12 hours. Con- 


tinued bypass did not result in pro- 
gressive red blood cell destruction. 
The WBC count showed elevation to 
the 20,000 to 40,000/cu mm range af- 


ter 12 hours of perfusion. This re- 


sponse continued throughout the du- 
ration of perfusion and largely 
represented increase in band forms. 
Serum Glutamic Oxaloacetic Trans- 
aminase.—The SGOT level rose sub- 
stantially after only six hours of by- 
pass and progressed through 24 hours. 
Highest levels were observed in ani- 
mals 24 hours after completion of 


bypass. 
Creatinine, Creatinine Clearance, 
Urinary Output.—The serum cre- 


atinine concentration was unchanged _ 


throughout the period of bypass. Uri- 
nary output stayed at prebypass lev- 
els or greater until 36 hours of bypass, 
and then the output fell substantially 
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Fig 1.—Mean values of various observations 
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Fig 2.—Plasma viscosity in all animals and mean 


during total left ventricular bypass. Abbrevia- 
tions: TP, total proteins; Hb, plasma hemoglobin. 


in the few animals observed. Gross 
hematuria was observed in many ani- 
mals and appeared directly related to 
the duration of the bypass procedure. 
Creatinine clearance became reduced 
after 36 hours of bypass and mark- 
edly so after 48 hours. 

Blood Gases.—Arterial Pco., re- 
mained within normal limits with 
few exceptions. Oxygen pressure also 
remained within a range of 70 to 100 
mm Hg in most instances. Lower Po, 
values were noted late in three ani- 
mals perfused 30 through 48 hours 
and were associated with marked 
findings of pneumonia and pulmo- 
nary edema. 


Survival and Morphological 
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Changes.—Of 27 animals perfused for 
12 or more hours, 22 formed a deter- 
minate group of technically satisfac- 
tory perfusion in which survival at 
termination of the bypass was a con- 
sideration (Table 2). All dogs survived 
the perfusion, and seven long-term 
survivors were killed later. No dog 
that was perfused longer than 30 
hours was a long-term survivor, and, 
of the six dogs that were perfused for 
48 hours, three died at the termi- 
nation of pump support. Most animals 
survived several hours to one week 
after bypass, but many were unre- 
sponsive and hypotensive. 

Changes in gross and microscopic 
composition were commonly evident 


curve. An increase is observed after 36 hours of bypass. 





in animals that died early. The kid- 
neys showed multiple areas of hemor- 
rhage, infarcts, and microabscess for- 
mation with focal areas of cortical 
necrosis. The lungs showed areas of 
hemorrhage, pneumonitis, atelectasis, 
and localized pulmonary edema, par- 
ticularly in dependent areas. 

The heart often displayed subendo- 
cardial and subepicardial hemor- 
rhage, particularly involving the left 
ventricle and atrioventricular groove; 
and focal myocardial abscesses were 
seen. Fibrin deposition was seen occa- 
sionally on the mitral valve leaflets. 
Areas of necrosis were present in the 
liver. Changes in the brain were un- 
common, but acute vasculitis and mi- 
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croabscesses were seen in one animal. 

Surviving animals, killed and au- 
topsied several weeks after perfusion, 
showed few morphologie changes, but 
endocardial fibrosis was observed in 
two dogs. The atrial septal defect had 
closed in each instance. 


Comment 


Prolonged bypass for circulatory 
support requires anticoagulation, 
and, because of bleeding, trans- 
thoracic approaches to the heart for 
bypass have had limited application. 
Closed methods such as the one pro- 
posed by Dennis et al, the modi- 
fication of Wakabayashi et al* and 
those by Stansel and Tanae® and 
Schuhmann et al have the advan- 
tage of eannulation of a peripheral 
artery, designed to avoid the conse- 
quences of heparinization and major 
operative exposure. The use of the an- 
imal’s own lungs, without the prob- 
lems introduced by an oxygenator, is 
a major advantage in this method for 
prolonged support. These methods 
have been used successfully during 
periods of ventricular fibrillation.*:” 
Late cannulation of the left atrium 
through a previously placed, trans- 
thoracic prosthetic guide has also 
been proposed by Rastelli and associ- 
ates." 

Previous clinical and experimental 

data by Dennis and co-workers' have 
outlined the usefulness of the method 
of partial left ventricular bypass in 
cardiogenic shock and in reducing 
myocardial oxygen consumption’; 
perfusions for periods of 24 hours 
were tolerated successfully by nine of 
ten dogs that survived.* 
_ Although the ideal volume of by- 
pass flow is not known, data from 
this‘ and other laboratories** have in- 
dicated the advantage of total left 
ventricular bypass by left ventricular 
drainage on the reduction of myocar- 
dial oxygen consumption. The current 
experiments were designed to study 
the use-of total ventricular bypass for 
prolonged periods and to assess the 
tolerance of animals to this proce- 
dure. 

Extracerpereal circuits may have 
profound effects on the organism and 
relate to many factors, some of which 
are the perfusing solution, rate and 
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pulsatility of the flow, destruction of 
formed elements by trauma of pumps 
or turbulence, pulmonary surfac- 
tant, protein denaturation by blood 
gas interface,'*'® reaction of blood 
constituents to foreign surfaces that 
they contact, coagulation, and anti- 
coagulation. 

Although major emphasis in the 
past has been on the importance of 
the blood gas interface in denatura- 
tion of proteins,’*'® recent studies 
have properly been directed to the 
other materials in the circuit with 
which the blood makes contact.'™ s 

Prolonged total bypass is a severe 
challenge to the animal and the per- 
fusion system, and it is impossible to 
compare this method with partial by- 
pass since all of the major viscera 
are subjected to nourishment by blood 
traversing the bypass circuit, and not 
through the heart previously filtered 
by the lungs.” Emboli were ob- 
served in the study of Hall et al’ with 
prolonged partial bypass.’ The impor- 
tance of the pulse contour alone may 
have importance.” 

Lee and associates’ and Maloney”? 
described denaturation of proteins 
and sludging observed with oxygena- 
tors having blood gas interfaces. Bio- 
chemical and biophysical evaluation 
and biological evaluation were used. 
Their data suggested that denatured 


. globulin molecules collected on red 


blood cells, leading to aggregation 
and hemagglutination. Lee thought 
that plastic-blood interfaces could 
also denature proteins. 

Wright and others’ have also stud- 
ied plasma protein denaturation with 
the use of physical and immuno- 
chemical analysis and biological re- 
sponse but were able to detect only 
minimal changes after circulating 
plasma through screen and mem- 
brane oxygenators. 

Dobell and associates*! have been 
concerned that chemical and physical 
damage to blood in pump oxygena- 
tors are limiting factors on the length 
of perfusion. Blood or plasma circu- 
lated through a Teflon membrane 
oxygenator was much less lethal than 
that circulating through a screen oxy- 
genator with blood gas interface. 
Denatured plasma proteins were be- 
lieved to be the toxic factor. 
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Parker and associates” showed a 
reduced level of serum complement 
and immunoglobulin after cardio- 
pulmonary bypass. They suggested 
the possible relationship of these 
changes and increased capillary per- 
meability. 

Eberhart and Coval"’ found concen- 
trations of several proteins to change 4 
as a function of the length of bypass 
on a Bramson membrane oxygenator 





in patients. d 
Allardyce and others'® described l 
microcirculatory embolization of par- 


ticulate matter, arising from pump 
oxygenator systems, that was acellu- 
lar, probably representing fibrin- 
denatured, aggregated protein mole- 
cules and disintegrating platelets 
that could be removed by filtration. 
Bosher’s** work confirms the concept 
of particulate embolization as a cause 
of changes in dogs after two hours 
perfusion in which a blood gas inter- 
face is not essential. Other investiga- 
tors relate the problems with bypass : 
to alterations in blood lipids, hemoly- 
sis, red blood cell sludging, and re- 

leasing vasoactive substances. 

Ashmore et al*‘ found in dogs that 
platelet depression after perfusion: 
was associated with marked clumping 
with both disk and membrane oxy- 
genators. 

Petschek and Madras‘ observed in 
a chamber that platelets are the first — 
formed element to attach to the sur- 
face and may then be the seat of 
WBC attachment and thrombus for- 
mation. 

Schramel and others* did veno- 
venous perfusion for 6 through 24 
hours with a rotating disk oxygenator 
and observed reduction of platelets to 
10,000/cu mm after 24 hours. Al- 
though there were some survivors, 
many lung problems were evident. 
Tomin et al in 1961°° concluded that 
“post perfusion lung” was related in 
part to blood trauma after prolonged i 
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bypass in dogs. Gardner and associ- __ 
ates'* suggested that alterations in 
plasma protein concentrations were H 
factors responsible for pulmonary 
changes after prolonged bypass in pa- 
tients and dogs, and diminished sur- 
factant may have resulted. 

Stanley” perfused calves, goats, 
and sheep with left ventricular by- 
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pass and after 18 hours noted accu- 
mulation of fluid, diminished venous 
return, and deterioration. After 24 
hours none recovered. Cardiac ecchy- 
mosis was observed. Reasons for he- 
modynamic deterioration were un- 
clear. In this study, smaller assist 
volumes seem to give better survival. 

This study assessed the effect of 
prolonged pumping on some blood 
components and organ systems. The 
importance of the minimal changes 
observed in plasma protein concen- 
trations, viscosity, and turbidity may 


1. Dennis C, et al: Clinical use of a can- 
nula for left heart bypass without thora- 


-cotomy: Experimental protection against 


fibrillation by left heart bypass. Ann Surg 
156:623, 1962. 

2. Dennis C, et al: Reduction of the oxy- 

gen utilization of the heart by left heart 
ypass. Cire Res 10:298, 1962. 

3. Hall DP, et al: An experimental study 
of prolonged left heart bypass without tho- 
racotomy. Ann Surg 156:190, 1962. 

4. Miller DR: Comparative effects of left 
atrial or left ventricular bypass on coro- 
nary sinus flow and oxygen usage in dogs. 
Ann Surg, to be published. 

5. Kennedy JH, et al: Left heart bypass 
in left ventricular failure due to experi- 
mental coronary artery ligation. J Thorac 


. Cardiovasc Surg 51:797, 1966. 


6. Schenk WJ Jr, et al: Assisted circula- 
tion: An experimental evaluation of coun- 
terpulsation and left ventricular bypass. 
Arch Surg 88:327, 1964. 

7. Alexander P, Block RJ: Analytical 


Methods of Problem Chemistry. Oxford, 
` England, Pergamon Press, 1961, p 186. 


_ 8. Wakabayashi A, Dietrick W, Connolly 
JE: Closed-chest left heart bypass without 
anticoagulation. J Thorac Cardiovase Surg 
58:811, 1969. 

9. Stansel HC, Tanae H: Experimental 
studies of total left ventricular hypuss 
achieved by extracardiac cannulation. Sur- 
gery T1:76, 1972. 

10. Schuhmann RE, Geddes LA, Hoff 


-= HE: Prolonged left ventricular bypass by 


200 Arch Surg/Vol 108, Feb 1974 


have importance. The reduction of 
platelets, the increased red blood cell 
destruction, and widespread evidence 
of microemboli suggest aggregation 
of fibrin and platelets on the lining of 
the circuit and subsequent particulate 
embolization as a major factor limit- 
ing the animal’s tolerance to these 
prolonged perfusions. The method of 
filtration employed in some experi- 
ments was ineffective in prevention 
of this complication, which appeared 
directly related to the duration of 
bypass. 
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Pulmonary Anatomic Arteriovenous 
Shunting Caused by Epinephrine 


Shinnosuke Nomoto, MD; James L. Berk, MD; 


Joan F. Hagen; Rebecca Koo, MA, Akron, Ohio 


Pulmonary anatomic arteriovenous (A-V) 
shunting was measured with technetium Tc 
99m human albumin microspheres in 44 
anesthetized dogs. In untreated dogs, after a 
15- to 30-minute observation period follow- 
ing the first microsphere injection, no signif- 
icant changes in heart rate, arterial pressure, 
cardiac output, or the pH occurred, but there 
was a small increase in arterial oxygen pres- 
sure and a small decrease in arterial carbon 
dioxide pressure. These were attributed to 
preanesthetic excitement or reactions to the 
anesthetic itself. The second microsphere in- 
jection showed no significant change in pul- 
monary shunting. 

Infusions of epinephrine hydrochloride at 
the rate of 2ug/kg/min and 4yg/kg/min 
showed significant increases in the pulmo- 
nary shunting to 320% and 573% of control 
values, respectively, during the same time 
intervals. Epinephrine in amounts that can 
be produced endogenously under conditions 
of stress may cause the opening of anatomic 
pulmonary A-V shunts. 


ulmonary anatomic arteriovenous 
(A-V) shunts have been observed 
by many investigators.’ These direct 
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microscopic communications between 
small arteries and veins permit blood 
to bypass the capillary bed, resulting 
in desaturation of the systemic arte- 
rial blood. They are thick-walled and 
seem to be contractile in response to 
stimuli. However, little is known of 
their function and control in health or 
disease. 

The authors, calculating the shunt 
from oxygen contents, found that epi- 
nephrine hydrochloride causes a sig- 
nificant increase in pulmonary shunt- 
ing during the inspiration of 100% 
oxygen, suggesting anatomic shunt 
or atelectasis. Because sequential mi- 
croscopic studies did not show that 
atelectasis or other pathological 
changes account for the shunting, but 
did show the presence of angioid 
structures consistent with anatomic 
shunts, it was suggested that epi- 
nephrine causes the opening of ana- 
tomic pulmonary shunts.’ The pres- 
ent study is a continuation of our 
previous work to determine defini- 
tively the presence of anatomic pul- 
monary A-V shunts with use of radio- 
active albumin microspheres in dogs 
receiving an epinephrine infusion. 
This method of quantifying the ana- 
tomic pulmonary shunt is important 
because, in addition to being more 
specific, it may be more accurate since 
there is evidence that breathing 100% 
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oxygen actually decreases the ana- 
tomic shunt. 


Table 1.—Hemodynamic Changes in Control and Treated Dogs* 










itd Doe) fare KAA Jma Materials and Methods 

Epinephrine, Human serum albumin microspheres are 
ug/kg/min 0 2 4 relatively uniform in size (diameter, 15u to 
SOs); Thay sfe lane eurih th bo CRo 
Heart rate 99 +3 102 +6 104+6 by pulmonary capillaries but small enough 
Mean arterial to pass through A-V anastomoses. The 
blood pressure 101=1 118 + 54 122 + 34 properties of these particles make them 
Cardiac output SPARS 148 = 11 135 + 9t suitable for the measurement of pulmo- 

Hgb 101=1 123 + 34 129 + 34 nary anatomic shunting. “° 
pH 99.9 + 0.1 98.0 + 0.14 98.2 + 0.14 The microspheres were labeled with 40 
Pace 105 + 2+ 90 + 3+ 88 + 2t to 60 millicuries of technetium Te 99 m 










Paco, 97 + 1ł 122 + 3} 119 + 2+ 





(Te), the monoenergetic gamma-emit- 


* Results are percentages of control values (mean + SE). ting nuclide. After labeling and washing 
t Interval between first and second measurements. four times to remove unbound “Tc, the 
FA statistically significant difference, P <.05. microspheres were suspended in 10 ml of 


physiological saline containing polysorbate 
80 and hydrochloric acid, which prevented 
the microspheres from aggregating. The 
activity of unbound, free “"Tc was ob- 
tained by aspirating supernatant through 


130,000 a filter, and was used to obtain the count 

rates resulting exclusively from labeled 

120,000 microspheres. Thereafter, the microsphere 

suspension was drawn into plastic syringes 

o 90,000 . and the radioactivity was measured in a 

5 sensitive ion chämber before injection. Ap- 

= 88,000 proximately 0.5 ml of the microsphere sus- 

= pension with 1.0 to 1.5 millicuries of radio- 
Q 86,000 activity was used for each injection. 

2 Forty-four male mongrel dogs weighing 

Ə -6,000 11.4 to 29.3 kg were anesthetized by intra- 

O venous injection of pentobarbital sodium, 

4,000 30 mg/kg, and placed in a supine position 

on an operating table. A cuffed endotra- 

2,000 Epinephrine Hydrochloride cheal tube was inserted, and mechanical 


ventilation was maintained by a mechani- 
cal respirator using room air. The lungs 
were hypervertitilated every 20 minutes. 
| An electrocardiogram was continuously 

Counts recorded by detector at dog's head after serial injections of radioactive micro- . recorded. The femoral arteries were can- 
spheres. Pulmonary shunting increased 1.8% to 7.9% in 27.3-kg dog with 4ug/kg/min nulated with nonoceluding polyethylene 
epinephrine hydrochloride infusion. Injection of supernatant(S); injection of micro- catheters for arterial pressure monitoring 
spheres into right ventricle (MRV); injection of microspheres into left ventricle (MLV). blood sampling, and the withdrawal of 


blood for cardiac output measurement. The 
femoral vein was used as the site of infu- 
sion of epitiephrine. Rectal temperatures 
were measured by a mercury thermome- 
ter. Woven Dacron catheters were inserted 
into the left and right ventricles via the 


Time, min 


Table 2.—Anatomic Pulmonary Shunt in Control Dogs and 


Those Receiving Epinephrine* 7 left carotid artery and the left brachial 

Group 2 Group 3 vein, respectively. Both were used for in- 

(15 Dogs) (17 Dogs) jection of microspheres. Arterial and 

Epinephrine, venous blood gas measurements were car- 
ug/kg/min ried out with use of a polarographic elec- 
Time, min trode for arterial oxygen pressure (Pao.), 
Shunting, % an electrode for arterial carbon dioxide 
control (Paco.), and a blood electrode for pH. Car- 
second microsphere diac output was determined by the stan- 





injection 
% of control 107 +10 320 + 72 573 + 122 
P value —NS P <.005 P <.005 


dard dye dilution technique with the use of 
indocyanine green, a densitometer, and a 
computer. A small amount of heparin so- 
* Results are mean + SE. dium was infused into the catheters to pre- 
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vent clotting. 

Each dog’s head was used as the site of 
the systemic vascular bed to be monitored. 
Emitted radiation was measured with a 
collimated sodium iodide crystal scintilla- 
tion deteetor placed horizontally over the 
temporal region of the head. The detector 
was equipped with scalers and a digital 
recorder, and was calibrated te the photo- 
peaks of “"Tc (140 kev), and the base line 
discriminator adjusted so that the scat- 
tered radiations were not registered. With 
these settings a 2-millicurie radioactive 
source placed on each dog’s chest produced 
no increase in the count recorded by the 
detector. Caution was taken to ensure that 
there was no movement of the head or the 
detector throughout the experiment. 

After initial measurement of back- 
ground activity, a measured dose of super- 
natant was injected into the right ventricle 
through the catheter. The same volume of 
microsphere suspension was injected into 
the right ventricle through the same cathe- 
ter. Finally, the same volume of micro- 
sphere suspension was injected into the 
left ventride. Counting was started one 
minute after each injection and recorded 
for at least three one-minute intervals and 
the counts per minute were obtained by 
averaging the three count rates. The net 
inerease in the count rate due to each in- 
jection was normalized for the dose of ra- 
dioactivity injected. The percent of shunt- 
ing was measured by the retio of the 
normalized net count rate for the injection 
of microspheres into the right ventricle to 
the net count rate for the injection into the 
left ventricle multiplied by 100." 

Statistical analyses were carried out 
with the Student t test for paired and un- 
paired observations. 

The dogs were divided into the following 
three groups: (I) twelve dogs that received 
no treatment. After hemodynamic stabili- 
zation, all indexes (Table 1) were measured 
and microspheres were injected. After a 
15-minute (four dogs) or 30-minute (eight 
dogs) interval, all studies were repeated 
and the second injection of microspheres 
was given. This was undertaken to deter- 
mine if microspheres trapped in the pul- 
monary capillaries result in the opening of 
shunts or otherwise affect the pulmonary 
circulation. (2) In 15 dogs the same mea- 
surements were made in the control period 
and after a 30-minute infusion of epineph- 
rine hydrochloride at the rate of 2ug/ 
kg/min. (3) Seventeen dogs received 4ug/ 
kg/min of epinephrine hydroehloride for 
15 minutes. Measurements were the same 
as in group 2. The rise in count rates (Fig- 
ure) are due to radioactive microspheres 
trapped in the cerebral capillaries in a typ- 
ical dog from group 3. 
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Results 


In group 1 dogs, there were no sig- 
nificant changes after the injections 
of microspheres in any index except 
the blood gas levels (Table 1). The 
shunt fraction did not increase signif- 
icantly (P>.05) during the observa- 
tion period (Table 2). 

The mean pulmonary shunt in the 
control period for all 44 dogs was 
2.0% + 0.2% of the cardiac output. 

In groups 2 and 3 after epinephrine 
injection, there was an increase in the 
mean systemic arterial pressure, car- 
diac output, hemoglobin concentra- 
tion, and Paco.; and a decrease in the 
Pao, as previously described. In both 
groups, there was a highly significant 
increase in the shunt to 320% + 72% 
and 573% + 122% of control in groups 
2 and 3, respectively. “he increase in 
group 3 was significantly greater 
than that of group 2. 


Comment 


The application of radioactive albu- 
min microspheres to this study de- 
pends on the following basic assump- 
tions: (1) The spheres are uniformly 
mixed with the blood end distributed 
to organs in the same proportion as 
the blood. (2) The spheres themselves 
do not alter blood flow. 

Supporting evidence was shown by 
Phibbs and associates'* who evaluated 
the mixing of microspheres with arte- 
rial blood by rapid freezing of the 
femoral artery and examination of 
the thin sections obtained. They con- 
cluded that spheres distribute at each 
arterial bifurcation in zhe same fash- 
ion as do the red blood cells. Rudolph 
and Heymann," using a mechanical 
circulatory system, found uniform 
mixing of spheres with the blood and 
satisfactory agreement between the 
measured flow and the distribution of 
radioactive microspheres. Kaihara 
and associates, Tow and co-work- 
ers, and others, using different tech- 
niques, demonstrated the uniformity 
of mixing of microspheres with arte- 
rial blood and the same distribution 
to organs as blood flow. 

The assumption thet the micro- 
spheres themselves do not alter the 
circulation was tested and confirmed 


by the present study. After injection ` 


of the microspheres, no significant 
changes occurred in any of the in- 
dexes in the control group with the 
exception of the blood gas levels. The 
Pao, inereased and the Paco, de- 
creased slightly. The cause of these 
changes is not completely clear. It is 
likely that these changes resulted 
from a redistribution of the pulmo- 
nary blood flow due to a preanesthetic 
excitement state or were reactions to 
the anesthetic itself, because the val- 
ues returned to normal in a short 
time. Similar observations were pre- 
viously reported." 

Thus, the present data suggest that 
there is no significant damage to the 
lungs produced by microembolization, 
and assures the validity in the se- 
quential use of human serum albumin 
microspheres to measure the shunt 
fractions. From the findings de- 
scribed above, it can be said that the 
method using radioactive albumin mi- 
crospheres is safe and physiological, 
and hence most suitable for the study 
of pulmonary A-V shunts. The find- 
ings of Burdine and associates" of 
the lack of change of the pulmonary 
arterial and wedge pressures after 
the injection of albumin microspheres 
into the pulmonary circulation are in 
agreement with these findings. 

Arteriovenous shunts in the lungs 
have long been observed by many in- 
vestigators. Tobin,’® using post- 
mortem injection of plastic and glass 
microspheres, demonstrated the pres- 
ence of shunts in human lungs. 
Prinzmetal and associates,’ in animal 
experiments, injected glass spheres 
ranging from 10u to 440p in diameter 
into the pulmonary artery, and suc- 
ceeded in collecting some of the 
spheres in the venous outflow. Irwin 
and colleagues,‘ Niden and Aviado,’ 
Rahn and co-workers,’ and others, 
utilizing a variety of techniques, de- 
scribed A-V communications in ani- 
mals. Strauss and associates” studied 
the in vivo quantification of pulmo- 
nary anatomic shunting in man using 
*™Te albumin microspheres. They 
found an average of 1.1% and a max- 
imum 2.9% in normal men. These re- 
sults are comparable to those ob- 
tained in the present study. 

The present study confirms previ- 
ous observations by the authors that 
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human lung. 


epinephrine in physiological amounts 
causes the opening of anatomic pul- 
monary A-V shunts. i 

The mechanism of action of epi- 
nephrine on the opening of the shunt 


is not known. The demonstration of 


a neuromuscular apparatus at the 
shunt stoma suggests an active, auto- 
nomic control.’ However, previous 
studies by the authors during inspira- 
tion of 100% oxygen showed a signifi- 
cant correlation between shunting 


1. Tobin CE: Arteriovenous shunts in 
the peripheral pulmonary circulation in the 
horax 21:197-204, 1966. 

2. Tobin CE, Zariquiey MO: Arterio- 
venous shunts in the human lung. Proc Soc 
ep Biol Med 7175:827-829, 1950. 

. Prinzmetal M, et al: Arterio-venous 
anastomosis in liver, spleen, and lungs. Am 
J Physiol 152:48-52, 1948. 

4. Irwin JW, et al: Microscopical obser- 
vations of the pulmonary arterioles, capil- 
laries, and venules of living guinea pigs 
and rabbits. Anat Rec 119:391-407, 1954. 

5. Rahn H, Stroud RC, Tobin CE: Visú- 
alization of arteriovenous shunts by cine- 
fluorography in the lungs of normal dogs. 
Proc Soc Exp Biol Med 80:239-241, 1952. 

6. Niden AH, Aviado DM Jr: Effects of 
pulmonary embolism on the pulmonary 
circulation with special reference to arte- 


- riovenous shunts in the lung. Cir Res 4:67- 


73, 1956. 


204 Arch Surg/Vol 108, Feb 1974 


and the pulmonary artery pressure, 
suggesting a passive or “pop-off” type 
of control. Consistent with this are 
the findings of Zweifach,'® who sug- 
gested that caliber size of shunts 
seems more related to the activity of 
the capillary circulation than to the 
direct action of stimuli on the shunts. 
When most capillaries are open and 
have active blood flow, the shunts re- 
main closed; and they seem to be open 
when the capillary blood flow is de- 
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These studies add support to the 
thesis that the opening of pulmonary 
A-V shunts may partially explain the 
progressive hypoxemia observed in 
trauma, sepsis, and shock.*-*° 
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In order to identify the mechanisms re- 
sponsible for the inhibitiom of gastric secre- 
tion that follows acidification of the duode- 
num, we studied the effect that perfusion of 
the duodenum with hydrochloric acid has on 
the release of antral gastrin that has been 
stimulated by the local application of 
acetylcholine chloride. In five dogs, perfu- 
sion of the total duodenum significantly de- 
creased peripheral serum gastrin levels. Acid 
perfusion of either the cistal part of the 
duodenum or the duodenal bulb caused a 
prompt decrease in gastrin release from the 
antrum. The findings indicate that the inhib- 
itory effect of duodenal acidification is ex- 
plained, at least in part, by the inhibition of 
gastrin release from the antrum. 


he mechanisms by which acid 
secretion from the stomach is 
curtailed at the end cf the digestive 
period are poorly understood. Soko- 
lov,' in 1904, demonstrated that intro- 
duction of hydrochloric acid into the 
duodenum strongly inhibited gastric 
secretion from an innervated fundal 
pouch. Extensive stucies in the last 
decade have shown that duodenal 
acidification inhibits gastric secretion 
in response to exogen dus’ or endoge- 
nous” gastrin and other stimuli.** 
The agent and site of action of 
these inhibitory mechanisms, trig- 
gered by duodenal acidification, are 
still not entirely known. Uvnäs’ 
stated that the inhibizion is localized 
to the parietal cell level and not to the 
release of gastrin. We have found 
previously, however, shat in normal 
men and patients wizh duodenal ul- 
cer, exogenous secretin suppresses 
the release of gastrin after a meal. 
We have undertaken the following 
experiments to determine the effect 
of acidification of the total duodenum, 
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or parts of the duodenum, on the re- 
lease of gastrin from the antrum. 


Methods 


Eleven dogs were anesthetized with pen- 
tobarbital sodium after fasting for 24 
hours. At laparotomy, a clamp was put 
across the antrofundal junction of the 
stomach, and the pylorus was ligated. A 
double-lumen catheter for perfusion was 
placed directly into the antrum via a stab 


wound in the anterior wall. The perfusate — 


was a 0.2% solution of acetylcholine chlo- 
ride, pH 7.0; it was allowed to flow into the 
antrum at the rate of 150 ml/hr from a 
container placed 15 cm above the level of 
the antrum. The antrum was drained by 
gravity through the other widely patent lu- 
men of the catheter. The antrum did not 
become distended. 

Group 1.—In five dogs a femoral artery 
was cannulated for blood sampling. Two 
catheters were placed in the duodenum 
through a stab wound in the jejunum. The 
tip of one catheter was in the duodenal 
bulb and the other just proximal to the 
ligament of Treitz. The duodenum was li- 
gated around the catheters at the ligament 
of Treitz. The catheter that extended to 
the duodenal bulb was perfused with phys- 
iologic saline solution, adjusted to either 
pH 7.0 or to pH 1.0, at the rate of 250 ml/hr 
from a container placed 15 em above the 
level of the duodenum. The duodenum was 
drained through the distal catheter by 
gravity. After two basal blood samples 
were taken from the femoral artery for 
measurement of serum gastrin by radio- 
immunoassay, the antrum was perfused 
with 0.2% acetylcholine for three hours. At 
the same time, perfusion of the duodenum 
with saline, pH 7.0, was started. The pH of 
the duodenal perfusates was altered se- 
quentially as shown in the top part of Fig 
1. Blood samples for serum gastrin mea- 
surement were collected at ten-minute in- 
tervals throughout the experiment. 

Group 2.—In six dogs the antral vein was 
cannulated as described previously.'' The 
duodenum was divided with clamps into 
two parts, one proximal and one distal to 
the entrance of the main pancreatic duct. 
A double-lumen catheter was placed in 
each duodenal pouch for perfusion without 
distention. After two basal blood samples 
were taken for serum gastrin determina- 
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Fig 1.—Serum gastrin concentration in the femoral artery of five dogs during antral irriga- 
tion with acetylcholine and perfusion of total duodenum with saline, pH 1.0 or 7.0. 


Fig 2.—Antral venous gastrin concentration in six dogs in response to irrigation of an- 
trum with acetylcholine during perfusion of proximal or distal part of duodenum with saline, 
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tions, the antrum was perfused with 0.2% 


acetylcholine, pH 7.0, for 225 minutes. Af- 
ter 45 minutes, the distal part of the 
duodenum was perfused for 45 minutes 
with saline, pH 1.0 (150 ml/hr); the perfu- 
sate was then changed to saline, pH 7.0. At 
135 minutes, the proximal part of the 
duodenum was perfused for 45 minutes 
with saline, pH 1.0 (50 ml/hr), followed by 
a 45-minute perfusion with saline, pH 7.0. 
Blood samples from the antral venous out- 
flow were taken at intervals throughout 
the experiments. 

Radioimmunoassay of Gastrin.—Serum 
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Minutes 


concentrations of gastrin were measured 
by radioimmunoassay as described by 
Jackson et al.“ Antigastrin antibodies 
were prepared in rabbits with synthetic 
human gastrin I (residues 2-17) conjugated 
to bovine serum albumin as antigen. Syn- 
thetic human gastrin I was radioiodinated 
by means of the technique of Greenwood 
and Hunter. The radioimmunoassay em- 
ploys the double antibody system de- 
scribed by Odell and others." 

The gastrin concentrations in serum are 
expressed as the means of the observed 
gastrin concentration with the correspond- 


ing standard error (+ SEm). The Student t 
test was used to determine statistical sig- 
nificance of differences between means. 
Differences with a P<.05 were considered 
significant. 


Results 


Group 1: Effect of Acid Perfusion of 
the Entire Duodenum on the Concentra- 
tion of Gastrin in Peripheral Serum.— 
The mean basal concentration of gas- 
trin in peripheral serum was 95 + 10 
pg/ml. Irrigation of the antrum with 
0.2% acetylcholine, while the duode- 
num was perfused at pH 7.0, in- 
creased the serum gastrin to 258 + 47 
pg/ml (Fig 1). Duodenal perfusion at 
pH 1.0 decreased the gastrin concen- 
tration to 152+ 21 pg/ml (P<.05). 
Changing the pH of the duodenal per- 
fusate again to pH 7.0 resulted in an 
increase of serum gastrin concentra- 


tion to a peak of 262 + 41 pg/ml at 


100 minutes. When the pH of the per- 
fusate was lowered again to pH 1.0, 
serum gastrin promptly decreased to 
139 + 22 pg/ml. Elevating the pH of 
the perfusate to pH 7.0 resulted in a 
stepwise increase of peripheral serum 
gastrin concentration. 

Group 2: Effect of Acidification of the 
Distal or Proximal Part of the Duode- 
num on Gastrin Release From the An- 
trum.—The mean basal serum gastrin 
concentration in the antral venous se- 
rum was 74 + 6 pg/ml (Fig 2). During 
irrigation of the antrum with 0.2% 
acetylcholine, gastrin levels rose to 
685 + 134 pg/ml at 45 minutes. Acidi- 
fication of the distal part of the 
duodenum decreased the gastrin lev- 
els in the antral venous outflow to 
294 + 64 pg/ml (P<.05). When the 
perfusate of the distal part of the 
duodenum was changed to saline, pH 
7.0, the concentration of gastrin rose 
to 1,026 + 186 pg/ml at 135 minutes. 
Acidification of the proximal part of 
the duodenum decreased the antral 
venous gastrin concentration to 
460 +148 pg/ml (P<.02). Neutral- 
ization of the proximal: part of the 
duodenum increased gastrin again to 
927 + 208 pg/ml. 


Comment 


Acidification of the duodenum is a 
strong physiological inhibitor of gas- 
tric secretion.‘ It has previously been 
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shown that secretin is released by in- 
stillation ef hydrochloric acid into the 
duodenum. +” 

Since a continuous intravenous in- 
fusion of a submaximal dose of secre- 
tin and duodenal acidification showed 
similar patterns of stimulation of 
pancreatic bicarbonate and fluid se- 


cretion, inhibition of gastric acid se- 


cretion, and stimulation of gastric 
pepsin secretion, Johnson and Gross- 
man" concluded that secretin was a 
physiological inhibitor of acid secre- 
tion in dogs, and that secretin was 
probably the only enterogéstrone re- 
leased from the intact intestine of a 
dog. 

Exogenous secretin and duodenal 
acidification both inhibit acid se- 
cretion through a noncompetitive 
mechanism.'*** The observation that 
exogenous seeretin or duodenal acidi- 
fication inhibits the secretory re- 
sponse to exogenous gastrin suggests 
that the inhibitory mechanism is act- 
ing at the parietal cell level. However, 
we found in previous studies that 
exogenous secretin also suppressed 
the release of endogenous gastrin in 
normal man and patients with duode- 
nal ulcer disease. The present studies 
demonstrate that the local release of 
gastrin from the antrum, stimulated 
by acetylcholine, is inhibited by acidi- 
fication of the duodenum. 

A number of recent studies, how- 
ever, indicate that a secretin-inde- 
pendent, acid-activated mechanism 
for the inhibition of gastric secre- 
tion is present in the duodenal 
bulb.”-*-9-"-:9.20 Andersson et alë found 
that acidification of the duodenal bulb 
inhibited — pentagastrin-stimulated 
acid seeretion from Heidenhain 
pouches without stimulating pan- 
creatic secretion. Other po_ypeptides 
that inhibit gastric secretion without 
influencing pancreatic secretion have 
been extracted from the duodenal 
mucosa.*** 


The importance of an intact inner- 
vation of the stomach for zhe inhib- 
itory effect of duodenal acidification 
is still controversial.2?-** Konturek 
and Johnson*’ found that perfusion of 
the innervated duodenal bulb with 
acid resulted in a 50% inhibition of 
pentagastrin-induced acid secretion 
from the innervated main stomach 
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and a slight stimulation of pancreatic 
secretion; acid secretion from a Hei- 
denhain pouch was not diminished by 
duodenal bulb acidification. Following 
the surgical separation of the duode- 
nal bulb from the pylorus, acidifica- 
tion of the bulb failed to inhibit gas- 
tric secretion from both the gastric 
fistula and the Heidenhain pouch. The 
authors interpreted these results as 
evidence for the existence of a neural 


“ reflex, triggered by acid in the duode- 


nal bulb that was responsible for the 
inhibition of gastric secretion. Sjédin 
and Andersson,” however, found no 
change in the inhibition of stimulated 
gastric secretion before and after 
transection of the pylorus. 

The mechanisms by which acidifi- 
cation of the proximal or distal part 
of the duodenum inhibits gastric se- 
cretion are unknown. Our results 
show that acidification of the distal 
part of the duodenum as well as acidi- 
fication of the duodenal bulb caused a 
significant decrease of gastrin release 
from the antrum. These findings do 
not show if the inhibition of gastric 
secretion by acidification of two dif- 
ferent parts of the duodenum is 
caused by two separate mechanisms. 
If two mechanisms exist, however, 
and there is strong evidence for 
this,****** both exert their inhibitory 
effect (at least in part) by decreasing 
the local release of gastrin from the 
antrum. 
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Depletion and Restoration 
of Tissue ATP in Hemorrhagic Shock 


Irshad H. Chaudry, PhD; Mohammed M. Sayeed, PhD; Arthur E. Baue, MD, St. Louis 


Hemorrhagic shock was produced in con- 
scious rats by bleeding the animals to a 
mean arterial pressure of 40 mm Hg that 
was maintained for 142 hours. At the end of 
the shock period, the animals received (1) 
blood alone; or (2) blood plus Ringer lac- 
tate; or (3) adenosine triphosphate-magne- 
sium chloride (ATP-MgCl.) followed by blood; 
or (4) adenosine diphosphate-MgCl, (ADP- 
MgCl.), or adenosine phosphate-MgCl, (AP- 
MgCl.), or adenosine-MgCl, followed by 
blood and were killed three minutes after- 


| aaron of liver and kidney 
adenosine triphosphate (ATP) 
levels during shock has been reported 
from this laboratory’ and by other 
investigators.” Subsequent studies 
from our laboratory have indicated 
that ATP depletion is a progressive 
change during shock with not only a 
decrease in ATP, but with dephos- 
phorylation of adenosine diphosphate 
(ADP), adenosine phosphate (AP) and 
creatine phosphate as well. The above 


studies indicate that restoration of 


tissue ATP could be helpful in the 
treatment of shock. The work of Ta- 
laat et alë and of Sharma and Eise- 
man’ has shown that ATP infusion 


was beneficial for the survival of rats 
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ward. Analysis of liver and kidney showed 
that ATP levels decreased during shock, and 
they remained low when blood, blood plus 
Ringer lactate or ADP-MgCl., AP-MgCl., 
or adenosine-MgCl, were given. Adenosine 
triphosphate levels returned to normal in 
both tissues only when ATP-MgCl, and 
blood were given. The effect of ATP-MgCl. in 
restoring ATP levels of liver and kidney may 
be through provision of the high-energy 
phosphate compound. 


if given prior to bleeding, but not 
if administered thereafter. Our stud- 
ies extended the observations of the 
above investigators’? and showed 
that administration of an ATP-mag- 
nesium chloride (MgCl.) complex be- 
fore, during, or after a period of se- 
vere shock had a beneficial effect on 
the survival of rats.*° To investigate 
whether this beneficial effect of ATP- 
MgCl. was through provision of 
energy or through effects on the cir- 
culation, we have measured the levels 
of ATP, ADP, and AP in liver and 
kidney before and after infusion of 
ATP-MgCl.. These studies were con- 
ducted in conscious rats during late 
hemorrhagic shock. The results pre- 
sented in this report indicate that 
infusion of ATP-MgCl, after a pro- 
longed period of shock restored the 
cellular nucleotide contents of liver 
and kidney. This effect of ATP-MgCl, 
on replenishment of tissue nucleo- 
tides was not shared by ADP-MgCl., 
AP-MgCl., or adenosine-MgCl.. 


Methods 


Hemorrhagic Shock Procedure.—Albino 
Holtzman rats, weighing 250 to 300 gm, 
were fasted for 16 hours prior to the exper- 
iment but were allowed water freely. The 
rats were anesthetized lightly with ether, 
and both femoral arteries were cannulated 
with polyethylene tubing (PE-50). In some 
experiments, along with the femoral ar- 
teries, a femoral vein was also cannulated. 
Heparin sodium, 400 units, was injected 
into each femoral artery as well as into the 
vein when the vein was also cannulated. 
One of the femoral artery cannulae was 
connected to a 1.75-meter length of PE-50 
tubing that was calibrated in millimeters 
of mercury, for monitoring mean arterial 
pressure. The above method of measuring 
blood pressure was compared to another 
method using a pressure transducer and a 
recorder that are both commercially avail- 
able. Blood pressure was found to be iden- 
tical under control conditions (ie, prior 
to bleeding) as well as at various stages of 
shock. The other cannula was connected to 
a 10-ml, heparinized glass syringe that 
served as a blood reservoir. The animals 
were restrained in a supine position and 
were allowed to awaken. The duration of 
anesthesia was approximately 20 minutes. 
They were then bled rapidly within ten 
minutes to a mean arterial pressure of 40 
mm Hg that was maintained for 90 min- 
utes. From time to time during the first 30 
minutes, small amounts of blood had to be 
withdrawn to maintain the above pressure. 
About 45 minutes after the beginning of 
bleeding, the blood pressure began to de- 
crease to below 40 mm Hg, and, over the 
next 45 minutes, approximately 50% of the 
shed blood had to be returned to maintain 
the above pressure. 

Treatment Procedure.—At the end of 1% 
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Liver 


Treatments 
Blood 


Blood plus 
Ringer 


ATP-MgCl2 


Results With Various Treatments* 
SSS 


0.24+0.03 0.47+£0.05 0.38+0.01 0.24+0.04 0.24+0.05 0.30+0.03 
lactatet 0.25+0.04 0.49+0.05 0.38+0.04 0.23+0.03 0.34+0.06 0.36+0.05 


1.79=0.13 1.3940.08 1.12+0.08 1.04+0.04 1.08+0.11 0.84+0.08 







Kidney 
















Unbied 


AP-MgClz 
Adenosine- 


MgCiz2 





contrals 1.80+0.02 0.80+0.02 0.24+0.01 1.10+0.02 0.60+0.01 0.20+0.02 
ATPalone 0.26+0.01 0.48+0.03 0.40+0.02 0.25+0.01 0.36+0.02 0.38+0.02 
ADP-MgClz 0.31+0.02 0.37+0.02 0.33+0.01 0.30+0.01 0.27+0.02 0.26+0.02 
0.28+0.02 0.35+0.01 0.29+0.01 0.22+0.01 0.31+0.01 0.32+0.02 








0.26+0.01 0.39+0.01 0.30+0.01 0.20+0.01 0.30+0.01 0.32+0.04 








* The values reported are the mean results in eight animals in each group + standard de- 


. Viation in zmoles/gm of tissue. 


t Abbreviations: ATP indicates adenosine triphosphate; ADP, adenosine diphosphate; AP, 
adenosine phosphate; and MgClz, magnesium chloride. 
$ Equal in volume to maximum bleed-out volume (approximately 8 ml). 


hours, the animals were treated by one of 
several treatment programs with eight an- 
imals in each group: (1) return of the re- 
mainder ef the shed blood in the syringe, 
(2) return of the blood plus an infusion of 
Ringer lactate solution equal in volume to 
the maximum amount of blood removed 
(RL), (3) ATP-MgCl,, ADP-MgCl., AP- 
MgCl,, or ademosine-MgCl, (25 millimolar, 
0.25-ml volume) or ATP (25 millimolar, 
0.25-ml velume) alone followed by return 
of the bloed. Blood and Ringer lactate were 
given intra-arterially. The other solutions 
were given intravenously. The return of 
the shed bleod and infusion of Ringer lac- 
tate or nucleotide solutions was done over 
a period of about ten minutes. About three 
minutes after this, the animals were killed, 
and the liver and kidneys were quickly 
removed and frozen between aluminum 
blecks continueusly cooled in carbon diox- 
ide snow. Control tissues were obtained 
from fasted rats that were anesthetized, 
cannulated, heparinized, and were allowed 
to awaken but were not bled. Control ani- 
mals and treated animals in the various 
groups were alternated. 

Preparation of Tissue Extracts.—The fro- 
zen tissues were then ground with a pestle 
and mortar. The powder was placed in a 
_ centrifuge tube (cooled in carbon dioxide 
snew), weighed. and then homogenized in a 
cold 10% trichloroacetic acid-hydrochloric 
(0.1 molar) mixture and centrifuged. The 


supernatant solution was extracted four ~ 


times with water-saturated ether and then 
neutralized with 1 molar tris(hydroxy- 
methyl}aminomethane base. Adenosine 
triphosphate, ADP, and AP were assayed 
enzymatically." 
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Results 


Adenosine Triphosphate-MgCl, Infu- 
sion.—Adenosine triphosphate levels 
were not restored when blood or blood 
plus Ringer lactate was given after 
a prolonged period of shock (Table). 
However, when ATP-MgCl. and blood 
were given at 1% hours from the 
onset of bleeding, ATP levels re- 
turned rapidly to normal both in liver 
and kidney. Adenosine diphosphate 
and AP levels were found to be 
higher than the control tissues when 
ATP-MgCl, was infused intrave- 
nously. The increase in ADP and AP 
levels could be due to (1) increased 
utilization or (2) nonspecific hydrol- 
ysis of ATP. The nucleotide levels 
were not restored when ATP was in- 
fused without MgCl, after a pro- 
longed period of shock (Table). 

Adenosine Diphosphate-MgCl., AP- 
MgCl., Adenosine-MgCl, Infusion.— 
Since ATP is known to be dephos- 
phorylated in the blood and by tis- 
sues, it was possible that restoration 
of ATP levels by ATP-MgCl, infusion 
was due to the breakdown products of 
ATP rather than by ATP per se. In 
order to test whether the breakdown 
products of ATP, ie, ADP, AP, and 
adenosine, would also restore the cel- 
lular nucleotide contents, ADP, AP, 
and adenosine in combination with 
MgCl, were infused separately. How- 
ever, infusion of these compounds 


failed to restore the nucleotides of 
either liver or kidney (Table). The 
ability to restore cellular nucleotides 
therefore seems related to the termi- 
nal phosphate of ATP. 


Comment 


The critical role of ATP in carbohy- 
drate metabolism," as an energy sup- 
plier for various intracellular reac- 
tions and in muscle contraction" is 
well recognized. Several workers have 
suggested that depletion of tissue 
energy stores below some critical 
level may be an important factor in 
the death of animals in various forms 
of shock.*’ Although previous work 
from our laboratory has shown low 
tissue ATP levels in shock,' we do not 
know if these are below a certain crit- 
ical level. What represents a critically 
low level of ATP is not well under- 
stood. If the hypothesis is valid, how- 
ever, that critically low levels of ATP 
are reached in severe shock, then res- 
toration of tissue ATP levels by some 
means should increase the survival of 
animals in shock. 

Recent work from this laboratory 
has shown that infusion of ATP- 
MgCl, during or after a prolonged 
period of shock proved beneficial in 
the treatment of shock.*’ The experi- 
ments described in the Table indicate 
that ATP stores decreased during 
shock, and ATP-MgCl, given even af- 
ter 1% hours from the onset of bleed- 
ing restored the nucleotide contents 
of liver and kidney. The liver and kid- 
ney were the organs that were more 
adversely affected during shock as far 
as the nucleotide levels were con- 
cerned.’ 

Since ATP is known to be degraded 
by enzymes in blood and plasma," it 
is possible that tissue nucleotide lev- 
els could have been replenished by 
one or more than one of the break- 
down products of ATP rather than by 
ATP per se. In order to test this, 
ADP-MgCl., AP-MgCl., or adenosine- 
MgCl, were infused; however, none of 
these compounds was able to restore 
the tissue nucleotide (Table). The 
ability to restore cellular nucleotides 
was therefore specific to the ATP- 
MgCl, complex. In the present study, 
animals were not given MgCl, alone 
because we have shown previously 
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that infusions of MgCl, alone or 
MgCl, along with ADP, AP, or adeno- 
sine had no beneficial effect on sur- 
vival after shock.*’ Moreover, since 
infusions of MgCl, in the complex 
forms with ATP but not with ADP, 
AP, or adenosine replenished tissue 
ATP levels (Table), it is unlikely that 
the MgCl, in the complex could in it- 
self restore tissue nucleotides. 

We can only speculate about how 
the ATP-MgCl, complex favorably af- 
fects survival and improves the tissue 


levels of nucleotides of animals after 


shock. This complex must improve the 
circulation, but whether this occurs 
by a direct hemodynamic effect or by 
provision of energy or by priming the 
energy system or both is not known. 
Adenosine triphosphate is a potent 
vasodilating agent.’ Magnesium 
chloride also has potent circulatory 
effects. However, when the two are 
given together, the circulatory effects 
produced are different than either 
given separately. These circulatory 
effects have not been studied in de- 
tail. The possibility that ATP in the 
present experiments in combination 
with MgCl, restored the cellular nucle- 
otide contents of liver and kidney 
through vasodilation alone does not 
seem to be true since more potent vaso- 
dilating agents such as ADP and 
AP failed to restore the nucleotide 
contents (Table). However, when 
ATP was given alone (ie, without 
MgCl.), it did not have any beneficial 
effect on the survival of rats*° nor did 
it restore the nucleotide levels 
(Table). These findings suggest that 
the action of ATP-MgCl, was not 
through vasodilation. 

It has been assumed generally that 
ATP is rapidly degraded in the blood 
stream. However, the experiments of 
Jorgensen have shown that ATP 
added to whole blood in vitro was 
completely degraded in 1/4 hours at 37 
C, but that, after one hour, there was 
still more than 20% of the added ATP 
that remained as ATP. If this holds 
true in vivo, then in the present stud- 
ies the degradation of ATP in the 
blood should not have been rapid 
enough to adversely affect the con- 
centrations of infused ATP. In these 
experiments, the animals were killed 
ten minutes after the intravenous in- 
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fusion of ATP. Although during these 
ten minutes, there must have been 
some degradation of the infused 
ATP, some should have been available 
as ATP rather than as ADP or AP. 
However, infusion of ATP without 
MgCl, after a prolonged period of 
shock neither restored the nucleotide 
contents (Table) nor did it have any 
beneficial effect on survival of the an- 
imals.*:° Furthermore, administration 
of ATP without MgCl, produced fur- 
ther decreases in blood pressure. This 
could be related to the fact that ATP 
is a complexing agent'™'* and, when 
given alone, may chelate bivalent 
cations in the vascular system and 
produce a hemodynamic effect. Pro- 
longed hypotension did not occur 
when MgCl, was given along with 
ATP. Moreover, it has been shown 
that Mg in vivo and in vitro inhibits 
the deamination and dephosphoryla- 
tion of ATP by tissues.’ By giving 
ATP along with MgCl., ATP might 


be made available to tissues at higher 


concentrations as compared to ATP 
when given alone. Thus, the reasons 
for adding MgCl, to ATP were (1) to 
prevent the ATP when given from 
forming complexes with plasma biva- 
lent cations, (2) to prevent the pro- 


longed hypotension produced by ATP 


that is presumably due to vasodila- 
tion, and (8) to decrease the rapid 
deamination and dephosphorylation 
of injected ATP. 

Since under normal conditions, 
bivalent cations are readily available 
in body fluids, there should be little 
difference between giving ATP alone, 
which then complexes with bivalent 
cations in the vascular system, or giv- 
ing ATP that is already complexed 
with. MgCl,. However, the experi- 
ments of Trump et al'” have shown 
that, following insult or injury, cal- 
cium (Ca) influx into cells occurs that 
is reflected by rapid mitochondrial 
calcium accumulation resulting in de- 
creased Ca** concentration in the 
body fluids. This does not occur under 
normal conditions. The concentration 
of Mg?* in various cell components is 
also altered during shock.” Moreover, 
it has been suggested that, following 
injury, there is an alteration in func- 
tion of the cell membrane. Previous 
work by Gould and Chaudry” and by 


Manery” has indicated that bivalent 
cations play an important role in the 
structural integrity of the cell. The 
above-mentioned possibilities might 
be factors in the different effects 
of ATP alone and ATP with MgCl.. 
Since Ca** at higher concentrations 
may have an inhibitory effect on a 
number of enzymes**** and may cause 
a tightening or hardening of mem- 
brane, the infusion of ATP-CaCl, 
was not tested in the present experi- 
ments. 

The possibility that ATP-MgCl, re- 
stored the cellular nucleotide contents 
in the present experiments through 
provision of energy is attractive but 
is not compatible with the generally 
held concept that cells are imper- 
meable to ATP." As far as can 
be ascertained, the impermeability of 
cells to ATP appears to have arisen as 
a corollary to a general theory that 
cells are impermeable to anions.** Al- 
though the experiments of Fenn and 
Cobb,” and Boyle and Conway”® sub- 
sequently indicated that certain ani- 
ons could, in fact, enter and leave 
cells, ATP was not considered to be 
one of these exceptions, and, in the 
absence of evidence to the contrary, 
the theory of ATP impermeability 
has prevailed. Buchthal et al***’ have 
demonstrated that externally added 
ATP induced contraction in isolated 
skeletal muscle fibers, which sug- 
gested that ATP had penetrated the 
cell membrane. More recently, Abood 
and associates,” Boyd and Forres- 
ter, Forrester and Lind,* and For- 
rester” have provided evidence that 
ATP is released from active skeletal 
muscle, and Chaudry and Gould’ 
have shown that [C] ATP can enter 
skeletal muscle cells. The evidence 
presented by these investigators***° 
strongly suggests that the release 
and uptake of ATP is a physiological 
process. Thus, it seems possible that 
in this study the infusion of ATP- 
MgCl, could have restored the cellular 
nucleotide contents of liver and kid- 
ney through provision of the energy- 
rich compound itself or by a priming 
effect of this compound on the resyn- 
thesis of cellular ATP. The experi- 
ments of Ely” and Sharma and Eise- 
man’ have shown that ATP is 
selectively taken up by liver, spleen, 
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heart, and kidney. More recently, Zie- 
gelhoffer et al have demonstrated 
that small amounts of exogenous 
ATP (1 millimolar), but not ADP or 
inosine monophosphate, increased the 
ATP level and total concentration of 
adenine nucleotide of the hypoxic 
dog’s myocardium. If one assumes 
that the cell membrane is imperme- 
abie te ATP in liver and kidney un- 
der normal conditions despite the evi- 
dence presented above,**** it could be 
possible that ATP may enter cells un- 
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der the altered cellular environment 
such as is found in shoek. Possible al- 
terations in membrane permeability 
in liver during shock were suggested 
by the recent work of Sayeed and 
Baue.” Evidence of cellular swelling 
in liver and kidney in hemorrhagic 
shock has been presented by Holden 
et al.” 

The experiments described in this 
report indicate that infusion of ATP- 
MgCl, even after a prolonged period 
of shock rapidly restored the nucleo- 
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Acute Pancreatitis 


Secondary to 


latrogenic Hypercalcemia 


Implications of Hyperalimentation 


An unusual case of acute pancreatitis and 
hypercalcemia in a patient receiving hyperal- 
imentation is presented along with discus- 
sion of the relationship of pancreatitis, hy- 
percalcemia and hyperparathyroidism, and 
the treatment of hypercalcemic crisis. This is 
believed to be the first report of pancreatitis 
secondary to acute hypercalcemia produced 
by chronic calcium intake as part of the hy- 
peralimentation infusion. 


he association of hyperparathy- 
roidism and pancreatitis was 

first reported by McMann in 1934.' 
But it was not until 1957, with the re- 
port of two cases by Cope et al, that 
the medical profession became aware 
of the close association of these two 
entities.? Since then a large number 
of case reports** and reviews have 
appeared in the literature which have 
confirmed and established pancreati- 
tis as a complication of hyperparathy- 
roidism. Pancreatitis has also been 
described as caused by other disorders 
that are known to produce hyper- 
calcemia.*’ Meltzer et al, in 1962, de- 
scribed a case of pancreatitis second- 
ary to the hypercalcemia of multiple 
myeloma. Acute hypercalcemic crisis 
has been caused by different diseases 
and intoxication with Vitamin A, D, 
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and calcium infusions, used in the - 


treatment of osteoporosis* and hyper- 
alimentation.® As far as we know, 
there have been no reports of pan- 
creatitis caused by iatrogenic hyper- 
calcemia due to a calcium infusion in 
a patient of hyperalimentation. 

This article concerns a patient with 
hypercalcemia who developed acute 
pancreatitis secondary to chronic cal- 
cium intake as part of her hyperali- 
mentation infusion. Pancreatitis was 
confirmed by laboratory tests and 
surgical exploration. Calcium levels 
returned to normal after the infusion 
was discontinued, and have remained 
normal since. 


Report of a Case 


A 49-year-old white woman with a 
seven-month history of an _ enterocu- 
taneous fistula, which she had developed 
after a total abdominal hysterectomy and 
lysis of adhesions, was admitted to Carle 
Hospital for further studies and treat- 
ment. Past history included cholecystec- 
tomy and common duct exploration in 1958 
(done elsewhere and old record unobtain- 
able; she was not told of any common duct 
stones or abnormality of the pancreas); to- 
tal abdominal hysterectomy and lysis of 
adhesions for fibroids on March 22, 1972. 
Physical examination at the time of admis- 
sion revealed a chronically ill, malnour- 
ished, and mildly dehydrated middle-aged 
woman,.Examination of the abdomen re- 
vealed a 5-mm fistulous opening located 
about 5 cm above the navel on the center of 
an abdominal midline laparotomy scar; a 
large amount of small bowel content was 
draining into an ileostomy bag. 
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Results of the remainder of the physical 
examination were unremarkable. Labora- 
tory data at the time of admission revealed 
the following values: hemoglobin, 13.3 
gm/100 ml; white blood cell count (WBC), 
7,400/cu mm with normal differential cell 
count. Results of an automated multichan- 
nel analyzer examination, including cal- 
cium and blood urea nitrogen (BUN) lev- 
els, were within normal limits. Serum 
creatinine value was 1.4 mg/100 ml. A 
small bowel roentgenogram performed the 
following day revealed an enterocutaneous 
fistula at the level of the midjejunum with 
distal partial bowel obstruction. Because of 
the high fistula, the patient was placed on 
a regimen of 2 units a day of a hyperali- 
mentation solution. (The solution routinely 
used is amino acid synthetic solution 
[Freamine] to which different electrolytes 
are added.) Magnesium sulfate (16 mEq) 
and gluceptate calcium (90 mg, 4.5 mEq) 
_ were added, in addition to sodium chloride, 
potassium chloride, potassium phosphate, 1 
ampule of a multivitamin mixture (MVI) 
and 1 ampule of a vitamin B complex (Fol- 
besyn). Over the next several days, routine 
laboratory examinations showed her se- 
rum calcium level to the 12.6 mg/100 ml 
and her BUN value, 34.2 mg/100 ml. Her 
serum creatinine level remained normal. 

On Sept 17, 1972, the patient underwent 
exploratory laparatomy. At that time, lysis 
of adhesions, excision of enterocutaneous 
fistula, and resection of a segment of the 
small bowel with end-to-end enteroenter- 
ostomy were performed. Hyperalimenta- 
tion was discontinued for 24 hours, to be 
reinstituted as before. Later, a third unit 
was added that contained 20 mEq of potas- 
sium chloride as the only additive. Because 
of prolonged postoperative bowel obstruc- 
tion, hyperalimentation was continued. 

Laboratory tests performed over the 
next following weeks showed the calcium 
level to be over normal limits (Table). At 
this time, since the patient seemed to be 
tolerating oral intake fairly well, the hy- 
peralimentation was discontinued. On Oct 
8, 1972, because of nausea and recurrent 
vomiting, she was again placed on nothing 
by mouth and hyperalimentation was 
started as before. Results of the laboratory 
tests are shown in the Table. 

At this time, because of her prolonged 
obstruction and continuous vomiting, naso- 
gastric suction was instituted and plans 
for reexploration were made. On Nov 4, 
1972, the patient was described as being 
very depressed and lethargic, complained 
of severe upper abdominal pain and nau- 
sea in spite of the nasogastric suction. Her 
temperature was 37.8 C; pulse, 120 beats 
per minute; blood pressure, 90/50 mm Hg. 
On physical examination, the abdomen was 
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Serum Calcium, 


Date mg/100 ml 
9/23/72 10.6 
9/25/72 11.3 
9/28/72 11.4 
9/30/72 11.7 

10/16/72 11.1 
10/20/72 10.6 
10/28/72 11.5 
11/2/72 11.7 





tender over the right upper quadrant and 
epigastrium; very few bowel sounds were 
present. Urine output was down. 

Laboratory tests showed the following 
results: serum calcium, 16 mg/100 ml; inor- 
ganic phosphate, 4.5 mg/100 ml; BUN, 77 
mg/100 ml; serum creatinine, 2.5 mg/100 
ml; WBC 16,700/cu mm with 75% polymor- 
phonuclear leukocytes; serum amylase, 948 
units (normal, 45 to 200); potassium, 3.2 
mEq/liter. The hyperalimentation was dis- 
continued; normal saline infusion with 40 
mEq of potassium chloride was started, 
and the patient was given 40 mg of furose- 
mide (Lasix) intravenously after the solu- 
tion had run for four hours. Nasogastric 
suction was continued. Urine output im- 
proved. Forty-eight hours later the patient 
had markedly improved, abdominal pain 
was minimal, there was no nausea, tem- 
perature was normal. She was alert and 
less depressed. Her amylase level was 560 
units/hr; serum calcium level, 11.7 mg/100 
ml; BUN level, 56 mg/100 ml; WBC 
10,300/cu mm, with 77% polymorphonu- 
clear leukocytes. Over the next few days 
the serum calcium, BUN, and serum 
creatinine levels returned to normal. 

On Nov 9, 1972, the patient underwent 
exploratory laparatomy for small bowel 
obstruction; an area of obstruction due to 
adhesion was found and a segment of 
bowel removed. At the time, the pancreas 
felt thickened and there were areas of fat 
necrosis, proving her past episode of acute 
pancreatitis. She made an uneventful re- 
covery and on dismissal her serum calcium, 
inorganic phosphate, BUN, and serum cre- 
atinine levels were within normal limits. 


Comment 


Acute pancreatitis, occurring as a 
complication of hypercalcemia sec- 
ondary to calcium infusion in a pa- 
tient receiving hyperalimentation, 
stresses once more the relationship 
between pancreatitis and hyperpara- 
thyroidism and seems to implicate 


directly the action of the hyper- 
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calcemia as the cause of the pan- 
creatitis. Three aspects of this case 
are worthy of discussion: (1) why a 
patient receiving a therapeutic dose 
of calcium developed acute hyper- 
calcemia, (2) hypercalcemia crisis, and 
(3) the relationship between hyper- 
calcemia and pancreatitis. 

Calcium Metabolism.—The body con- 
tains about 1,100 gm of calcium, of 
which 1 gm belongs to the extracellu- 
lar compartment, 4 gm is present in 
bone as exchangeable salt, 1,085 gm is 
stable in bone and 10 gm in cells. The 
daily oral intake is about 900 mg, of 
which only about 100 mg are ab- 
sorbed. The glomerular filtrate con- 
tains 10,000 mg of calcium, but all ex- 
cept 100 mg are reabsorbed. The 
kidney excretion of calcium rises in 
the presence of hypercalcemia but 
rarely exceeds 500 mg per day, even 
in a situation of extreme hyper- 
calcemia. Because of this inability of 
the kidney to rid the body of the ex- 
cess calcium, the picture of iatrogenic 
hypercalcemia becomes possible. We 
have to remember also that a bed- 
ridden patient may mobilize bone cal- 
cium in excess of 500 mg a day. 

Hypercalcemic Crisis.—Acute hyper- 
calcemia is a potentially lethal entity 
by itself, and more so when compli- 
cated by pancreatitis.'''* The symp- 
toms are variable and include ano- 
rexia, nausea, vomiting, constipation, 
diarrhea, and abdominal pain. Poly- 
uria, nocturia, thirst, and dehydration 
are also part of the syndrome. Other 
common signs are headache, aches 
and pains in the back and extrem- 
ities, weakness, lethargy, somnolence, 
stupor, confusion, psychosis, impend- 
ing coma, and vasomotor collapse.” 

Serum concentration of calcium in 
reported cases has been greater than 
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14 to 17 mg/100 ml, and values ex- 
ceeding 31 mg/100 ml have been 
recorded. The critical level for the ap- 
pearance of symptoms seems to be 16 
mg/100 ml,* although it has been 
stated that hypercalcemic crisis can 
occur at serum calcium levels of about 
10 mg/100 ml. This becomes possible 
im cases on which the ionized fraction 
is elevated. The ionized fraction com- 
prises 47% of the total serum calcium, 
is increased by acidosis and low se- 
rum protein, and is the active ion. 

In our patient, the total protein 
level was within normal limits, but 
due to the hyperalimentation infusion 
to which no sodium bicarbonate had 
been added, she could well have been 
slightly acidotic, increasing the value 
of the ionized fraction. The treatment 
of hypercalcemia crisis has been out- 
lined by Goldsmith at the Mayo 
Clinie.'* 

The recommended schedule is as 
follows: (1) electrocardiogram moni- 
toring, (2) institution of appropriate 
suppertive measures, ie, intravenous 
saline infusion, potassium replace- 
ment as needed, and vasopressor 
agents as needed, (3) intravenous ad- 
ministration of furosemide (100 mg/ 
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hr). If response is inadequate, proceed 
with one of the following measures: 
(1) edetie acid infusion (do not con- 
tinue beyond 24 hours), (2) phosphate 
infusion (1 to 5 gm of phosphorus in- 
fused over six to eight hours; this 
may be repeated daily but no more 
than two infusions are required; fol- 
low this with orally administered 
phosphate), (3) intravenously admin- 
istered mithramycin (25 mg/kg). If 
renal failure unresponsive to diuret- 
ics and fluids is present, cortico- 
steroids and calcitonin are the only 
other measures short of hemodialysis 
or peritoneal dialysis. 

Relationship Between Hypercalcemia 
and Pancreatitis.—-The explanation of 
the mechanism by which hyperali- 
mentation causes Acute Pancreatitis, 
etc., Roberto R. Manson, M.D. pan- 
creatitis may help to enlighten this 
subject. Mixter et al have suggested 
that hypercalcemia facilitates forma- 
tion of calculi within the pancreatic 
duct, producing obstruction and pan- 
creatitis.” Haverback et al, after lab- 
oratory experiments, concluded that 
hypercalcemia in itself may activate 
trypsinogen to trypsin causing pan- 
creatitis. They further found that cal- 
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cium alone, when added to pancreatic 
juice in concentrations from 10 to 200 
mg/liter, did not activate pancreatic 
trypsinogen. However, when a small 


amount of trypsin was present, the 


presence of increasing calcium ion 
concentration permitted the activa- 
tion of larger amount of trypsinogen 
to trypsin. Calcium also protected 
trypsin from autodigestion, inhibited 
the destruction by trypsin, slowed the 
time of degradation of trypsinogen, 
and enhanced the conversion of tryp- 
sinogen to trypsin. 

This would explain why not all 
cases with acute hypercalcemia de- 
velop pancreatitis, since there is need 
of a second factor to initiate the be- 
ginning of the process which then de- 
velops into full-blown disease fed by 
the hypercalcemia. This adds another 
case to prove the importance of hy- 
percalcemia in the production of pan- 
creatitis. 3 
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Brief, brilliant studies drawn from a close, often painful 
scrutiny of human violence 


Nightmarish cases from contemporary history...war, bombings, 
assassination, mass murder, rape, arson, riots...are the back- 
drops against which eminent psychiatrists discuss violence and 
aggression. 


Immensely revealing and readable, Dynamics of Violence ex- 
amines violent aggression in terms of historical and social di- 
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individuals, and clinical research investigations. This book pro- 
vides a bold, innovative breakthrough in our understanding and 
control of inter-human violence. 


Order your copy from the 
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collagenase 


Indications: Santy! Ointment is indicated for debrid- 
ing dermal ulcers and severely burned areas. In other 
types of necrotic skin lesions reports on the use of 
Santyl Ointment have been limited to clinical observa- 
tions without controls. 


Contraindications: Application is contraindicated in 
patients who have shown local or systemic hypersen-. 
sitivity to Collagenase. 


Precautions: The enzyme's optimal pH range is 7 to 
8. Lower pH conditions have a definite adverse effect 
on the enzyme's activity, and appropriate precautions 
should be taken. 


The enzymatic activity is also adversely affected by 
detergents and hexachlorophene and heavy metal ions 
such as mercury and silver which are used in some 
antiseptics. When it is suspected such materials have 
been used, the site should be carefully cleansed by 
repeated washings with normal saline before Santyl 
Ointment is applied. Soaks containing metal ions or 
acidic solutions such as Burow’s solution should be 
avoided because of the metal ion and low pH. Cleans- 
ing materials such as hydrogen peroxide or Dakin's 
solution do not interfere with the activity of the enzyme. 


Debilitated patients should be closely monitored for 
systemic bacterial infections because of the theoreti- 
cal possibility that debriding enzymes may increase 
the risk of bacteremia. 


The ointment should be confined to the area of the 
lesion in order to avoid the risk of irritation or macer- 
ation of normal skin. 


A slight erythema has been noted occasionally in the 
surrounding tissue particularly when the enzyme oint- 
ment was not confined to the lesion. This can be read- 
ily controlled by protecting the healthy skin with a 
material such as Lassar’s paste. 


Since the enzyme is a protein, sensitization may de- 
velop with prolonged use although none has been 
observed to date. 


Adverse Reactions: Adverse reactions to Collagenase 
have not been noted when used as directed. 


Dosage & Administration: Santy! Ointment should be 
applied once daily (or once every other day in the 
case of outpatients) in the following manner. 


(1) Prior to application the lesions should be gently 
cleansed with a gauze pad saturated in normal saline, 
buffer (pH 7.0-7.5) or hydrogen peroxide to remove 
any film and digested material. 


(2) Whenever infection is present, as evidenced by 
positive cultures, pus, inflammation or odor, it is de- 
sirable to use an appropriate topical antibacterial agent. 
Neomycin-Bacitracin-Polymyxin B (Neosporin) has 
been found compatible with Santyl Ointment. This 
antibiotic should be applied to the lesion in powder 
form or solution prior to the application of Santyl 
Ointment. Should the infection not respond, therapy 
with Santyl Ointment should be discontinued until 
remission of the infection. 


(3) Santyl Ointment should be applied (using a wooden 
tongue depressor or spatula) directly to deep wounds, 
or, when dealing with shallow wounds, to a sterile 
gauze pad which is then applied to wound. The wound 
is covered with sterile gauze pad and secured with 
clear tape or Kling bandage. 


(4) Crosshatching thick eschar with a #11 blade is 
helpful. It is also desirable to remove as much loos- 
ened detritus as can be done readily with forceps and 
scissors. 


(5) All excess ointment should be removed each time 
dressing is changed. 


(6) Use of the ointment should be terminated when 
mio debridement of necrotic tissue has taken 
place. 


Overdose: Action of the enzyme may be stopped, 
should this be desired, by the application of Burow's 
solution U.S.P. (pH 3.6-4.4) to the lesion. 


How Supplied: Santyl Ointment contains 250 units of 
Collagenase enzyme per gram of white petrolatum 
U.S.P. The potency assay of Collagenase is based on 
the digestion of undenatured collagen (from bovine 
Achilles tendon) at pH 7.2 and 37° C. for 24 hours. 
The number of peptides cleaved are measured by 
reaction with ninhydrin. Hd sian released by a tryp- 
sin digestion control are subtracted. One net Collage- 
nase unit will solubilize ninhydrin reactive material 
equivalent to 4 micromoles of Leucine. 


e Knoll Pharmaceutical Co. 
30 North Jefferson Road 
Whippany, New Jersey 07981 
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_.it may prove to be the drug 
of choice for wound 
debridement.” 


Varma A O et al: Surg. Gynec. Obstet. 136:281, 
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To permit healing like this...you want to start like this. 


for dermal ulcers of the 
lower extremities: 


native collagen, a substance that is 
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bridement 
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Acute Pancreatitis 


Secondary to Calcium Infusion 


in a Dialysis Patient 


Eda L. Hochgelerent, MD, David S. David, MD, New York 


A case of acute pancreatitis associated 
with hypercalcemia as a complication of a 
calcium infusion test, which was used for 
evaluation of parathyroid gland function, oc- 
curred in a chronic hemodialysis patient. 
This complication might be seen more fre- 
quently as the test is used more extensively. 


yecently, extensive use has been 

made of the calcium infusion 

test in the evaluation of parathyroid 

gland function in patients with renal 

failure.'* To the authors’ knowledge, 

this case involves an unusual and un- 
reported complication of this test. 


Report of a Case 


A 58-year-old white man with chronic 
end-stage renal disease secondary to se- 
vere hypertension and gout with renal lithi- 
asis was placed on chronic hemodialysis at 
St. Luke’s Hospital Center in October 1971. 
The patient had no history of alcohol in- 
gestion, gallbladder disease, pancreatitis, 
or other gastrointestinal complaints. His 
diet consisted of a 40-gm protein Giovan- 
netti diet (essential amino acid diet). Medi- 
cations included basic aluminum carbonate 
(Basaljel) and water-soluble vitamins. The 
serum calcium level ranged from 8.5 to 
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10.0 mg/100 ml, inorganic phosphorus con- 
centration from 7.0 to 8.5 mg/100 ml, 
and alkaline phosphatase level, 150 milli- 
international units (MIU)/ml (normal, 30- 
85 MIU/ml). 

The patient’s course on dialysis was un- 
remarkable. Evaluation of the patient’s re- 
nal osteodystrophy included the following: 
a skeletal survey that showed mild resorp- 
tion of the lamina dura with diffuse, spotty 
demineralization; results of a neutron acti- 
vation study of total body calcium that 
were normal; normal results from a cal- 
cium chloride Ca 47 absorption study; and 
a serum parathyroid hormone (PTH) level 
of 3.6 nanograms/ml (normal level is non- 
detectable). 

On July 6, 1972, the patient had an 
intravenous calcium infusion test receiv- 
ing 15 mg/kg of body weight of elemental 
calcium in the form of gluconate calcium in 
5% dextrose in water over a period of three 
hours. The changes in the serum calcium 
concentrations were 10.0, 11.2, and 14.2 
mg/100 ml at baseline, 14% hours, and three 
hours, respectively; for serum phosphorus, 
the values were 8.1, 7.9, and 7.8 mg/100 ml 
for the same periods. During the second 
hour of the test, the patient vomited spon- 
taneously. There were no changes in vital 
signs. The patient was sent home after the 
test, feeling well. Four hours after the con- 
clusion of the test, the patient complained 
of cramping upper abdominal pain that 
persisted and became more severe and 
penetrated to the back during the next 24 
hours. The patient did not eat or drink 
anything after the test, and he was not 
febrile. 

The patient was admitted to the hospital 
on July 8, 1972. His physical examination 
findings were normal except for those of 


the abdomen that disclosed hypoactive 
bowel sounds and tenderness to palpation 
with voluntary guarding in the midepi- 
gastrium. The serum amylase level was 
greater than 700 units/100 ml, and serum 
calcium level was 9.8 mg/100 ml. After 24 
hours of nasogastric drainage and intrave- 
nously given fluid therapy, the pain sub- 
sided. The patient was discharged after 
the fourth hospital day with a serum am- 
ylase level of 288 units/100 ml. 


Comment 


In view of the absence of pan- 
creatitis in the patient’s history, the 
lack of predisposing factors, and the 
close temporal relationship of the ill- 
ness to the test, there is little doubt 
that the episode of acute pancreatitis 
was precipitated by the calcium infu- 
sion with subsequent hypercalcemia. 
The association of pancreatitis and 
hyperparathyroidism with hypercal- 
cemia has been well verified.** The 
incidence of pancreatitis with pri- 
mary hyperparathyroidism has been 
placed from 7% to 12%. In one large 
series of 62 cases of pancreatitis as- 
sociated with primary hyperpara- 
thyroidism,' it was believed that the 
hyperparathyroidism probably ante- 
dated the pancreatic disease. With 
the correction of the hyperparathy- 
roidism and hypercalcemia, the symp- 
toms of pancreatitis were noted to 
subside.‘ However, since the symp- 
toms of pancreatitis and those of hy- 
percalcemia are somwhat similar (ie, 
ileus, abdominal pain, anorexia, nau- 
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sea, and vomiting), it would be diffi- 
cult in some eases to determine which 
symptoms were due to hypercalcemia 
and which to pancreatitis. 

‘There have been many theories 
preposed to explain the relationship 
between hyperparathyroidism and 
pancreatitis. Mixter et alt thought 
that the pancreatitis was secondary 
to the hyperparathyroidism and hy- 
percalcemia by precipitation of cal- 
cium carbonate from the pancreatic 
juice into the ductal system, even- 
tually causing obstruction and pan- 
creatitis. Turchi et alf Hueper’ 
pomted out that excessive adminis- 
tration of PTH in animals can cause 
thromboarteritis, necrosis, and calci- 
fication of pancreatic tissue. Haver- 
baek et al? demonstrated experi- 
mentally that the activation of 
trypsinogen to trypsin is controlled 
by the amount of ionized calcium 
present, and, therefore, the increase 
in active trypsin might account for 
the pancreatitis associated with hy- 
perparathyroidism. 

In contrast, others" have thought 
that the pancreatitis precedes the hy- 
perparathyroidism. Dent’ has theo- 
rized that hyperparathyroidism is 
secondary to the steatorrhea and 
‘hypocalcemia seen in ehronic pan- 
creatitis. 

That hypercalcemia per se, rather 
than increase in PTH or calcific 
ductal obstruction, may be the com- 
men etiologic source of pancreatitis is 
suggested by the report of Meltzer et 
al™ of acute necrosis of the pancreas 
without panereatie calcification in 
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multiple myeloma. But hypercalcemia 
alone cannot be the sole factor in the 


pathogenesis of pancreatitis since 


this complication has not been re- 
ported with the same high frequency 
in the hypercalcemia of nonparathy- 
roid origin as it has in primary hyper- 
parathyroidism. 

Although all patients with chronic 
renal failure have substantial second- 
ary hyperparathyroidism, there is no 
reportable increased incidence of 
pancreatitis in this group of patients. 
One of the reasons for this lower inci- 
dence of pancreatitis in contrast to 
patients with primary hyperparathy- 
roidism may be the generally lower 
level of serum calcium seen in pa- 
tients with renal failure. Pancreatic 
exocrine function has been studied in 
patients with renal failure, and an 
abnormality of bicarbonate secretion 
was noted in 50% of the patients.” 
The importance of this finding is un- 
known, and no comment was made 
concerning pancreatitis in the group 
studied. The slightly higher values of 
serum amylase in patients with renal 
failure are due to decreased clearance 
of amylase by the kidney. 

Although, to the authors’ knowl- 
edge, acute pancreatitis has not been 
reported previously in patients with 
renal failure following the calcium in- 
fusion test, one would expect that this 
complication would be seen more fre- 
quently with increased use of this 
test. The markedly elevated PTH lev- 
els in these patients,? the hyper- 
lipemia, especially in the patients on 
hemodialysis,'*"* the low-protein diet 
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on which these patients are placed,"*" 
and the hypercalcemia with the dan- 
gerously high calcium x phosphorus 
product reached following the calcium 
infusion are all factors predisposing 
to pancreatitis. Since pancreatitis 
causes substantial morbidity and 
mortality in the general population, 
its occurrence in the chronically ill, 
uremic patient can be catastrophic. 
Therefore, this test should be per- 
formed with caution in uremic pa- 
tients whose serum calcium levels are 
high normal since these patients will 
achieve greater degrees of hyper- 
calcemia. The dose of calcium given 
might also be decreased in these pa- 
tients to prevent this complication. 
Also, the test should be discontinued 
at the first sign of gastrointestinal 
distress. In checking the nurses’ and 
physicians’ notes on the five dialysis 
patients who had had the test per- 
formed prior to the present patient, it 
was noted that two patients had vom- 
ited toward the conclusion of the test. 
But since they did not complain of ab- 
dominal pain and their vital signs 
were stable, the consideration of pan- 


creatitis was not entertained. In the © i 


early posttransplant period, special 
care should be taken in performing 
this test because of the extremely 
high mortality reported with pan- 
creatitis following renal transplanta- 
tion.” 
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Renal Hypertension 


John L. McCormack, MD; Robert C. Bain, MD; 
Gerald M. Kenny, MD; Ronald Tocantins, MD, Seattle 


Delayed development of renal vascular hy- 
pertension secondary to surgical ligation of 
a major branch of the renal artery occurred. 
The blood pressure returned to normal levels 
after surgical removal of the ischemic sec- 
tion of the kidney. This case reiterates the 
importance of maintaining complete vascu- 
lar supply to kidneys during renal surgery 
and suggests the mechanism of develop- 
ment of collateral circulation and subse- 
quent hypertension where renal arterial 
blood flow is impaired. 


he renin-angiotension system 

and its relationship to renal 
vascular hypertension is well docu- 
mented.' Extensive studies, both clin- 
ical and experimental, have eluci- 
dated this relationship. Vascular 
lesions with resultant renal ischemia 
are a significant cause of renal hyper- 
tension. Other causes such as paren- 
chymatous and perinephric lesions 
have been mentioned by Stamey and 
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others.*-* Surgical ligation of an aber- 
rant or accessory renal artery is 
rarely necessary and has only been 
reported as a cause of hypertension 
once before to our knowledge. Mason’? 
reported such a case that required ne- 
phrectomy for cure. We have had one 
such case recently that responded 
well to partial nephrectomy. Because 
of the complete documentation of this 
case and its unusual features, we be- 
lieve it merits presentation. 


Report of a Case 


A 50-year-old white man was seen ini- 
tially because of microscopic hematuria 
discovered during an annual physical ex- 
amination. There were no urological symp- 
toms or previous history of urological dis- 
ease. Results of physical examination were 
normal. 

Results of the blood cell count and blood 
chemical analyses were also normal. Uri- 
nalysis showed 14 to 18 red blood cells per 
high-power field and six to ten white blood 
cells per high-power field. No growth ap- 
peared after urine culture. Excretory uro- 
gram revealed a 2X 2-cm radiopaque calcu- 
lus in the left renal pelvis. Cystoscopy 
demonstrated a normal bladder with mild 
prostatic hypertrophy. 

Because the calculus was mobile, poten- 
tially obstructive, and causing hematuria, 
surgical removal was undertaken. At ex- 
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ploration an aberrant branch of the main 
renal artery to the lower pole of the kidney 
crossed the ureteropelvic junction (Fig 1, 
left). The renal pelvis was largely intrare- 
nal and therefore the aberrant artery was 
divided to facilitate access to the lower 
portion of the renal pelvis. After ligation 
of the vessel, discoloration of the inferior- 
posterior portion of the kidney was noted. 
Subsequently, the calculus was removed 
through a pyelotomy incision and a Y-V 
pyeloplasty was performed (Fig 1, center). 
Postoperatively the patient’s condition im- 
proved, and he was discharged on the sev- 
enth day. Blood pressure at the time of dis- 
charge was normal. 

Following discharge the patient had no 
complaints until two months had elapsed, 
he then developed severe headaches associ- 
ated with nausea and occasional emesis. 
Examination by his private physician re- 
vealed the blood pressure to be greatly 
elevated (200/130 mm Hg). A second ex- 
cretory uregram showed prompt function 
bilaterally without evidence of obstruction. 
Contraction of the lower pole of the left 
kidney was noted. Peripheral and main 
renal vein blood samples were obtained 
via retrograde percutaneous femoral vein 
catheterizations. Renin determinations 
showed elevation in the peripheral blood 
and blood from the left main renal vein 
(Table). The patient was placed on a rigid 
medical regimen of antihypertensive ther- 
apy without sustained effect. 

Subsequently, the patient was read- 
mitted to the hospital and am aortogram 
and left selective renal angiogram were 
performed. They revealed a well-demar- 
cated area of relative avascularity in- 
volving the lower pole of the left kidney 
with slight collateral circulation. Left renal 
exploration three months after the initial 


procedure demonstrated a well-defined 
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Renal Infarct — i 


Left, Calculus in left renal pelvis with aberrant vessels crossing ureteropelvic junction. Center, View after pyelolithotomy and division 
of artery showing infarcted lower pole. Right, View after reexploration showing divided vessels and resected lower pole. 


area of ischemia that was soft and dis- 
colored compared to the normal renal par- 
enchyma. A branch of the main renal vein 
was noted draining this ischemic segment. 
The branch coursed anteriorly to the ure- 
teropelvic junction and was noted to be 
patent. 

After the venous branch draining the is- 
chemic segment had been divided from the 
main renal vein, blood was obtained sepa- 
rately from the branch and from the main 
renal vein. An abnormally elevated renin 
level was found in a blood sample from the 
branch vein, while the main vein blood 
showed only slight elevation of renin level 
(Table). It therefore must be concluded 
that drainage from this small branch vein 
was the sole cause of the elevated left re- 
nal main vein renin levels noted preopera- 
tively. A lower role partial nephrectomy 
with ligation of the aberrant vein was per- 
formed, removing the ischemic portion of 
the kidney (Fig 1, right). 

Cut section of the resected specimen re- 
vealed yellowish discoloration of the cor- 
tex and a dense fibrosis of the surrounding 
renal capsule. Microscopically the tissue 
showed obsolescent glomeruli and obliter- 
ated tubules. The microscopic diagnosis 
was “lower pole left kidney with multiple 
ischemic infarcts.” 

By the first postoperative day, blood 
pressure had stabilized in the range of 


_ 160/80 mm Hg. The postoperative period 


was complicated by thrombophlebitis of 
the left leg that responded to anti- 
coagulant therapy. He was discharged on 
the 15th postoperative day with a normal 
blood pressure reading. During a six- 
month follow-up the patient has remained 
well. Results from urinalysis are normal 
and blood pressure recordings have varied 
from 140/85 mm Hg to 160/94 mm Hg with 
only minimal antihypertensive medication. 
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Comment 


In the case reported, the activation 
of the renin-angiotension system and 
renal hypertension appeared to be 
caused by ischemia of the segment of 
the kidney supplied by the ligated 
branch of the main renal artery. It 
has been shown by anatomists that 
the renal arteries are end arteries 
functionally without collateral anas- 
tomses within the renal parenchyma.’ 
Renal venous drainage is by many 
anastomotic channels. Despite this 
description, it is well known that re- 
nal hypertension can develop when 


there is complete arterial occlusion — 


such as in embolism, aneurysm, and 
trauma. Stamey and others?’ have 
demonstrated that the kidney can de- 
velop collateral circulation. This is 
from three systems, namely, capsular, 
peripelvis, and periureteral. These are 
supplied by many collateral arteries 


such as the first to fourth lumbar, in- 


tercostal, inferior adrenal, testicular, 
and inferior iliac arteries as well as 
direct branches from the aorta. When 
called on, this collateral circulation 
can supply enough circulation to an 
iscehmic section of kidney to cause 
delayed development of renal vas- 
cular hypertension. We assume this 
mechanism existed in this patient. 
However, it should also be noted that 
other published reports indicate that 
at times sufficient collateral circula- 
tion can eventually develop to permit 
renal vein renin levels and hyperten- 
sion to return to normal.® 
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Of particular interest in this case 
was the presence of the patent polar 
branch of the main renal vein drain- 
ing mainly the ischemic segment of 
kidney. This vein had higher levels 
of renin than the main renal vein 
(Table). It is interesting to speculate 
about the possibility of avoiding hy- 
pertension by ligation of this particu- 
lar vein. Many times previously, the 
authors have ligated aberrant vessels 
or branches of the main renal vessel 
when they contributed to ureteropel- 
vic obstruction. Dajani et al described 
a series of 57 such patients, only one 
of whom subsequently developed hy- 
pertension.’® This is the first instance 
of hypertension that has developed in 
our series of patients after such a li- 
gation. 

In retrospect, we postulate that the 
intact venous drainage to the in- 
farcted renal segment was necessary 
to allow the collateral arterial supply 
to develop. Presumably in the prior 
patients, both the arterial and venous 
supply to the renal segment have 
been acutely occluded. In such pa- 
tients collateral circulation does not 
develop and ischemic hypertension is 
avoided. However, in the case just de- 
scribed only the arterial supply was 
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Blood Renin Levels During Hypertensive Stages* 


Prior to Surgery 
Source of Before Hydralazine After Hydralazine After Partial 
Blood Sample Hydrochloride Hydrochloride At Surgery Nephrectomy 
Peripheral 770 132 
Inferior 
vena cava 390 480 










1,610 







450 






* Expressed as ng/100 mi (normal: 100 to 500). 


interrupted, with an intact venous 
return allowing collateral arterial 
supply to form. An alternate possible 
mechanism that suggests itself is 
that the intact anomalous renal vein 
draining a higher amount of renin 
from the infarcted area was in itself 
sufficient to account for the ensuing 
hypertension, and the development of 
the collateral arterial supply was only 
incidental. If either of these premises 
is correct, it would be essential in 
future instances of aberrant vessels 
causing ureteropelvic obstruction for 
the surgeon to assure that both arte- 
rial and venous supply to the renal in- 
farct be occluded, or to resect the in- 
farcted renal tissue. 

A case of transient renal hyper- 
tension caused by segmented renal 
artery occlusion has been reported 
by Benraad et al. Their patient was 
treated vigorously for the hyperten- 
sion until the areas completely in- 
farcted and the hypertension dis- 
appeared. Since the arteriogram in 
our case demonstrated evidence of 
collateral circulation and the patho- 
logical findings of the resected seg- 
ment showed infarction, it is unlike- 
ly that the hypertension would have 
subsided had the medical antihyper- 


tensive therapy been continued. The 
elected course of therapy, partial ne- 
phrectomy, seemed more feasible in 
this case. 
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Editorial Comment 


The observation that ligation of an 
accessory renal artery will lead to hyper- 
tension, although not new, has not been 
documented extensively in the past. The 
detailed physiological studies presented by 
the authors are unique. Their speculations 
with regard to the renal venous drainage is 
contrary to accepted concepts, since collat- 
eral venous drainage is well recognized. 
However, whether this concept of collat- 
eral drainage is valid in the presence of an 
arterial compromise is not clear, and the 
authors’ suggestions warrant consid- 
eration. 

JOHN T. GRAYHACK, MD 
Chicago 
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Abdominal Apoplexy Due to Rupture of a 


‘Superior Mesenteric Artery Aneurysm 


Clp Aneurysmorrhaphy With Survival 


Robert M. Blumenberg, MD; Dennis David, MD; Joseph Slovak, MD, Schenectady, NY 


@f 89 previously reported cases of pa- 
tients with superior mesenteric artery aneu- 
rysm, which was predominantly mycotic, 15 
have survived treatment. The second case of 
sutvival following operation for rupture of a 
nonsyphilitic or mycotic aneurysm of the su- 
perior mesenteric artery is reported. The an- 
eurysm was located in the retropancreatic 
portion of the artery and ‘‘clip obliterative 
aneurysmorrhaphy” was the treatment em- 
played. Abdominal apoplexy during an emo- 
tional crisis im a hypertensive woman 
aroused suspicion of visceral artery aneu- 
rysmal rupture. Prompt preoperative selec- 
tive visceral angiography is advised in such 
cireumstances. 


| Files recently, the cause, diagno- 
sis, and management of non- 
traumatic intra-abdominal hemor- 
rhage from visceral artery aneurysms 
have been an enigma. The term “ab- 
dominal apoplexy,” predominantly 
noted in the British literature, de- 
scribes sudden abdominal pain associ- 
ated with catastrophic intra-abdomi- 
nal hemorrhage, usually of obscure 
origin, but often associated with hy- 
pertension. Its connotation is not dis- 
similar to the more familiar and long 
recognized cerebral counterpart. The 
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study of superior mesenteric artery 
aneurysms remained a topic of aca- 
demic interest until resection with su- 
perior mesenteric artery ligation and 
survival was reported by DeBakey 
and Cooley in 1953.' That study re- 
viewed 63 previously reported fatal 
cases, all of which were classified as 
either mycotic or syphilitic. The re- 
cent development of selective visceral 
angiography has resulted in an in- 
creased awareness of these lesions as 
well as the successful diagnosis and 
treatment of these problems that 
were previously considered to be mys- 
terious forms of apoplexy. 

Among the less frequently encoun- 
tered cases of visceral artery aneu- 
rysms are those arising from the su- 
perior mesenteric artery. A recent 
review of splanchnic artery aneu- 
rysms implicated this site in 89 in- 
stances; the 12 surviving patients 
noted had aneurysms of mycotic ori- 
gin. Our review of this subject indi- 
cates that there are now 16 reported 
cases of successfully treated superior 
mesenteric artery aneurysms. The 
case presented here represents, to our 
knowledge, the second instance of 
survival following treatment of a 
ruptured nonmycotic superior mesen- 
teric artery aneurysm. 


Report of a Case 


A 61-year-old woman was admitted to 


Ellis Hospital on March 13, 1969, with com- 


plaints of crampy abdominal pain, nausea, 
and vomiting for three days. These symp- 
toms first occurred during a heated domes- 
tic argument at which time she noted the 
sudden onset of abdominal, back, and bi- 
lateral shoulder pain. The patient had been 
generally in good health with no previous 
documentation of hypertension. Physical 
examination demonstrated a diaphoretic, 
obese, woman in acute abdominal distress, 
with blood pressure of 110/78 mm Hg and 
pulse rate of 100 beats per minute. Abdom- 
inal distention was associated with signs 
of diffuse peritoneal irritation. Results of a 
rectal examination were normal, with nor- 
mal-colored stool that was guaiac-nega- 
tive. Clinical examination revealed the 
following values: serum amylase, 132 
units/100 ml; hemocrit reading, 26%; hemo- 
globin, 9.1 gm/100 ml; white blood cell 
count (WBC) 10,900/cu mm, with 78% seg- 
mented neutrophils. On admission, an elec- 
trocardiogram was suggestive of previous 
inferior wall infarction. Slight cardiac en- 
largement was noted on a chest x-ray film, 
and abdominal x-ray films showed sigmoid 
colon and splenic flexure distention. 
Exploratory celiotomy on the third day 
after admission, following another episode 
of acute abdominal pain and shock, dis- 
closed massive intraperitoneal and ret- 
roperitoneal hemorrhage. Complete in- 
traperitoneal exploration was unrevealing 
until a massive hematoma was noted in the 
area of the pancreatic head following 
mobilization of the midgut. The body and 
tail of the pancreas appeared normal. A 


bleeding site thought to be the pan- - 


creaticoduodenal artery was encountered 
and controlled with tantalum clips, but no 
other causal site of hemorrhage was seen. 
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Fig 1.—Selective superior mesenteric arte- 
riogram demonstrating sacciform aneurysm 
of superior mesenteric artery. 


Fig 2.—Aneurysm arising from right pos- 
terolateral aspect of retropancreatic supe- 
rior mesenteric artery. 


The retroperitoneum was drained with a 
sump drain and the abdomen was closed. 
Six units (3,000 ml) of blood replacement 
were administered, but further postopera- 
tive bleeding necessitated three additional 
transfusions. The patient was seen at the 
time of vascular surgical consultation on 
the ninth postoperative day, and retro- 
grade femoral selective celiac and superior 
mesenteric arteriography was performed. 
A 4-em saccular aneurysm of the superior 
mesenteric artery at the retropancreatic 
level was disclosed (Fig 1). 

Right lower lobe atelectasis further de- 
layed reexploration, but following aggres- 
sive pulmonary care, the patient was again 
subjected to celiotomy on the 16th postop- 
erative day. As anticipated, remobilization 
of the midgut was precluded by cement- 
like incorporation of the cecum, and as- 
cending and transverse colon into the mas- 
sive, organizing retroperitoneal hema- 
toma. The definitive approach to the 
retropancreatic portion of the superior 
mesenteric artery was elected via the 
lesser sac. Extensive mobilization and 
cephalad displacement of the neck, body, 
and tail of the pancreas afforded access to 
the aneurysm, which projected posteriorly 
and ventrally from the superior mesenteric 
artery (Fig 2). Further mobilization of the 
aneurysm was precluded by its dense in- 
corporation into the retroperitoneal hema- 
toma, and ligation of the neck of the aneu- 
rysm flush with the parent superior 
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mesenteric artery was effected with 2-0 
silk and a large tantalum clip. 

The postoperative course was marked by 
bilateral pulmonary atelectasis, and Esche- 
richia coli cystitis. On the eighth postoper- 
ative day, the patient experienced diarrhea 
associated with chills, a temperature of 
41.1 C, oliguria, and hypotensive blood 
pressure levels of 70/50 mm/Hg, punc- 
tuated by tachycardia of 150 beats per 
minute, and central venous pressure of 14 
em H,O. Gram-negative septicemia with 
endotoxic shock was treated with 1 gm 
kanamycin sulfate and 8 gm cephalothin 
sodium (Keflin) daily, large volumes of in- 
travenously given balanced salt solution, 4 
gm hydrocortisone, isoproterenol hydro- 
chloride, and rapid digitalization. The 
WBC rose to 62,000 ce mm with a shift to 
the left. During the next 48 hours there 
was a gradual improvement in the pa- 
tient’s condition and eventually isoprotere- 
nol therapy was discontinued. Subsequent 
recovery permitted discharge from the 
hospital on the 26th postoperative day. 
Four years postoperatively, the patient is 
well with the exception of moderate hyper- 
tension. 


Comment 


Of the 16 patients with superior 
mesenteric artery aneurysm reported 
to have survived treatment, only four, 
including our case, are considered 


Sacciform 
Aneurysm 


Superior 
Mesenteric a 





to be arteriosclerotic in nature*~* (Ta- 
ble, cases 9-15). All others were 
classified as mycotic with the excep- 
tion of two that were designated “idi- 
opathic,” and “congenital.”™; Four 
patients with aneurysmal rupture as- 
sociated with hypertension have been 
encountered, of which two were arte- 
riosclerotic and two mycotic.*"* Hy- 
pertension was recognized as a sig- 
nificant causal factor of visceral 
aneurysmal rupture by Tanna as 
early as 1946.° His review noted 19 
cases associated with hypertension 
and ten cases in which an elevated 
blood pressure was inferred but not 
documented. It is noteworthy that the 
three surviving patients with rup- 
tured aneurysm of the main superior 
mesenteric trunk (cases 6,14,16 in 
Table)** also had hypertension. Case 
4 was a ruptured mycotic aneurysm 
of the ileocolic branch of the superior 
mesenteric artery, in a normotensive 
patient, which was easily treated by 
ileocecal resection. 

The experience outlined in the case 
presented here clearly illustrates the 
necessity of considering this diag- 
nosis when confronted with a hyper- 
tensive patient who has experienced a 
sudden overwhelming abdominal ca- 
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1953 


1954 


1957 


1957 


1960 


1964 


1964 


1966 


1966 


1967 


1967 


1968 


1969 


1970 


1971 


1972 


27/F 


23/F 


21/F 


31/M 


24/F 


24/F 


36/M 


67/F 


66/F 


14/M 


61/M 


50/F 


67/F 


63/F 


54/M 


62/F 





Type 
Stable 


Stable 


Stable 


Ruptured 


Expanding 


Ruptured 


Expanding 


Stable 


Expanding 


Expanding 


Expanding 


Expanding 


Expanding 


Ruptured 


Expanding 


Ruptured 





Successfully Treated Superior Mesenteric (SM) Artery Aneurysms 


Cause 


Year Age (yr), Sex 


Mycotic 


Mycotic 


Mycotic 


Mycotic 


Mycotic 


Mycotic 


Mycotic 


Arterio- 
sclerotic 


Mycotic 


Mycotic 


Congenital 


Arterio- 
sclerotic 


Arterio- 
sclerotic 


Mycotic 


Arterio- 
sclerotic 





Features 


Pulsatile abdominal 
mass, abdominal 
bruit, moderate 
abdominal pain, 
slight hypertension 


Asymptomatic 
incidental finding 
on aortogram for 
iliac aneurysm 


Asymptomatic 
pulsatile abdominal 
mass, aneurysm seen 
on aortogram 


Severe abdominal 
pain, tenderness 
& guarding, 
normotensive 

Severe abdominal 
pain & pulsatile 
abdominal mass 


Severe left upper 
quadrant & back 
pain, nonpulsatile 
abdominal mass, no 
bruit, hypertension 


Tender pulsatile 
abdominal mass, bruit, 
soft tissue mass on 
X-ray, aneurysm on 
aortogram 


Mild right upper 
quadrant pain, 
no mass, no bruit, 
normal flat plate 
of abdomen 


Enlarging pulsatile 
abdominal mass, 
abdominal pain, bruit, 
hypertension 


Subacute bacterial endo- 
carditis with + blood 
culture, Strepto- 
bacillus viridans 


Abdominal pain, 
bruit 


Abdominal pain, 
epigastric bruit, 
hypertension, 
aneurysm on aor- 
tography 

Abnominal pain & ten- 
derness, ‘‘egg shell” 
lesion on flat plate, 
aneurysm on arteri- 
ography, hypertension 

Severe abdominal 
pain & tenderness, 
shock, hypertension 


Increasing abdominal 
pain, pulsatile mass, 
systolic murmur (pre- 
cordium), blood culture 
positive for Staphy- 
lococcus, aneurysm 
an arteriography, 
hypertension 

Severe abdominal 
pain, shock, hyper- 
tension, aneurysm 
demonstrated by 
selective angiography 





Operation 

Ligation of SM 
artery & vein, ex- 
cision of aneurysm 


Restorative 
aneurysmorrhaphy 


Ligation of SM 
artery & vein, re- 
section of aneurysm 
and 80% jejunum 
Excision of aneurysm 
of ileocecal branch 
of SM artery, ileo- 
colic resection 
Ligation of SM 
artery & resection 
of ileum on re- 
exploration 1st 
postoperative day 
Ligation of SM 
artery 


Ligation of SM 
artery & resection 
of aneurysm 


Aneurysmorrhaphy 


Excision of 
aneurysm & patch 
graft 


Ligation of SM 
artery 


Obliteratve endo- 
aneurysmorrhaphy 


Aneurysmorrhaphy 


Restorative 
aneurysmorrhaphy 


Excision of aneurysm 
& replacement with 
Dacron graft 

Ligation & excision 
of anterior wall of 
sac 


Clip obliterative 
aneurysmorrhaphy 
with SM artery 
patency 
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tastrophe. Abdominal apoplexy asso- 
ciated with hypertension should 
arouse suspicion of visceral artery an- 
eurysmal rupture. Judicious use of 
preoperative aortography with appro- 
priate selective visceral studies 
should often permit accurate preoper- 
ative diagnosis and prompt vascular 
repair. Should angiography be un- 
available prior to celiotomy for 


unexplainable intraperitoneal and 
retroperitoneal hemorrhage, these 
studies should be performed as 
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promptly as possible in the postopera- 
tive period, if surgery did not demon- 
strate the site of hemorrhage. The 
technical problems encountered at re- 
peated exploratory surgery 16 days 
following massive retroperitoneal 
hemorrhage are clearly described 
above. The preferable route of expo- 
sure of the superior mesenteric artery 
is facilitated by mobilization of the 
midgut. This affords the versatility 
necessary to deal reconstructively 
with sacciform and fusiform aneu- 
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Proximal Venous Thrombosis 


After Side-to-Side 


Arteriovenous Fistula 


Bruce Mindich, MD; Irving Dunn, MD; 


Eli Frumkin, MD; Bernard S. Levowitz, MD, Brooklyn, NY 


Pain and swelling of the fingers and hand 
and digital ulceration occurred in two pa- 
tients on maintenance hemodialysis who had 
conventional side-to-side, arteriovenous 
shunts. Proximal cephalic vein occlusion 
with distal diversion of shunt flow through 
dilated, tortuous veins was demonstrated by 
brachial arteriography. In both instances, 
closure of the shunt resulted in immediate 
relief of symptoms. Based on the pathogen- 
esis of this complication, an end-to-side, 
vein-to-artery shunt has been advocated. 
Comparative advantages of the technique as 
described include ease of performance, suit- 
ability for small-caliber veins, effective dila- 
tion by hydrostatic distention, and earlier 
postoperative utilization of the shunt. 


he subcutaneous, side-to-side, ar- 

teriovenous fistula is currently 
the favored technique for vascular ac- 
cess in patients undergoing chronic 
hemodialysis.! Although thrombosis, 
aneurysm formation, and infection 
may occur, the recognized incidence 


of these complications is far less than 
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encountered previously with external 
Teflon-Silastic shunts, and the dura- 
tion of patency is prolonged substan- 
tially. 

Recent experience with an unusual 
complication in two patients on main- 
tenance hemodialysis prompted us to 
adopt the end-to-side anastomosis in 
the construction of arteriovenous fis- 
tulas, and it constitutes the basis for 
this report. 


Report of Cases 


CaSE 1.—A 54-year-old woman with end- 
stage renal disease had a side-to-side, 
right-radial-artery-to-cephalic-vein, arte- 
riovenous fistula procedure performed on 


Fig 1.—Eponychial ulceration and swell- 
ing of thumb in extremity with arterio- 
venous fistula (case 1). Patient dialyzed for 
14 months. 
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Fig 2.—Brachial arteriogram discloses a 
patent radial artery to distal cephalic vein 
fistula, occlusion of cephalic vein proximal 
to fistula (arrow), and an extensive network 
of collateral veins in thumb (case 1). 


Sept 30, 1970. The fistula functioned satis- 
factorily, and the patient was dialyzed 
three times a week for the next 14 months. 
During the last two months, she com- 
plained of progressive swelling of the 
hand, impaired function of the thumb and 
index fingers, and extreme pain radiating 
along the radial aspect of the hand (Fig 1). 
An eponychial ulceration of the thumb de- 
veloped that did not respond to intensive 
local treatment measures. 

Dilated veins on the dorsal aspect of the 
hand and forearm remained available for 
needle puncture access to the circulation. 
Because of persistent disabling symptoms, 
brachial arteriography was performed. 
Roentgenograms demonstrated distal pa- 
tency of the fistula, unusually dilated and 
tortuous venous collaterals involving the 
hand and thumb, and an occluded cephalic 
vein at the arteriovenous anastomosis (Fig 
2). Radial artery flow was directed entirely 
through these distal venous channels. A 
new end-to-side, cephalic-vein-to-radial-ar- 
tery fistula was created in the opposite 
wrist. Subsequently, the original fistula 
was interrupted, resulting in rapid de- 
crease of the swelling, healing of the 
eponychial ulceration, and immediate re- 
lief of symptoms. 

Case 2.—A 38-year-old woman in end- 
stage renal failure was maintained on he- 
modialysis conducted regularly three times 
a week. For 20 months, a side-to-side, left- 
radial-artery-to-cephalic-vein, arteriove- 
nous fistula provided trouble-free vascu- 
lar access. At the end of this period, the 
patient developed progressively severe 
pain in the left hand associated with per- 
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Fig 3.—Generalized swelling of hand and 
fingers in extremity with arteriovenous fis- 


tula (case 2). Patient dialyzed for 20 


months. 


sistent swelling and restricted function 
(Fig 3). A brachial arteriogram showed 
a patent radial-artery-to-distal-cephalic- 
vein fistula, occlusion of the cephalic vein 
proximal to the fistula, and an extensive 
network of dilated, tortuous collateral 
veins in the hand and lateral four fingers 
(Fig 4). As in case 1, an end-to-side, ceph- 
alic-vein-to-radial-artery fistula was con- 
structed in the opposite extremity. Subse- 
quently, the original fistula was divided 
with prompt relief of symptoms and dis- 
appearance of the swelling of the hand and 
fingers (Fig 5). 


Comment 


Blood flow through a side-to-side 
arteriovenous fistula is normally 
directed proximally and distally 
through venous channels. Because of 
reduced resistance in and greater 
caliber of the proximal veins, the pre- 
dominant flow is central. It is aug- 
mented by retrograde ulnar artery 
flow entering the fistula.? In both 
cases, occlusion of the proximal ceph- 
alic vein diverted the arterial circula- 
tion into distal venous channels of the 
hand and fingers. Although vascular 
access to dilated forearm veins other 
than the cephalic was possible, resist- 
ance in the circuitous route of return 
flow through collateral pathways 
caused an increase in venous pres- 
sure. Swelling, pain, and ulceration 
developed as characteristic manifes- 
tations of chronic venous obstruction 
with venous stasis. 

In the construction of arterio- 
venous fistulas at the wrist, early oc- 
clusion is generally due to technical 
shortcomings. Thrombosis may occur 
secondary to an inadequate anasto- 
mosis, turbulent flow, arteriospasm, 





Fig 4.—Brachial arteriogram shows an 
open radial artery to distal cephalic vein fis- 
tula, occlusion of cephalic vein proximal to 
fistula (arrow), and plexus of dilated, tor- 
tuous digital veins (case 2). 


or kinking of the recipient vein.” At- 
tention to details, including avoid- 
ance of intimal tears, misplacement 
of sutures, and angulation, is essen- 
tial to attain high patency rates. Lo- 
cal applications of papaverine hydro- 
chloride have been advocated to 
overcome both arterial and venous 
spasm. Late thrombosis has been ob- 
served after prolonged compression 
of the fistula by an indwelling needle 
assembly or by dialysis-induced dehy- 
dration causing a low flow state.’ 
Aneurysmal dilation at the fis- 
tulous site or along the course of 
the recipient vein has been observed. 
It has been ascribed to poststenotic 
dilation, expansion of the vein by sys- 
temic pressure, excessive flow 
through a large arteriovenous com- 
munication, or mycotic infection sec- 
ondary to a contaminated needle 


Fig 5.—Appearance of hand following in- 
terruption of arteriovenous fistula (case 2). 
Swelling has subsided completely. 
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puncture.: Local aneurysmorrhaphy 
may be required for correction. An 
anastomotic diameter of 0.3 to 0.5 cm 
is considered the optimum size to pro- 
vide ample flow and deter aneurysm 
formation. Focal venous aneurysms 
have not been reported following the 
end-to-end anastomosis that com- 
pletely diverts radial artery flow into 
the cephalic vein”. p? 

Ulceration of the extremity, aris- 
ing from surgically created arterio- 
venous fistulas, is rarely caused by 
venous stasis or arterial insuffi- 
ciency. The eomplication has been de- 
scribed following a dorsalis pedis ar- 
tery-third metatarsal vein fistula. 
Ligation of several venous tributaries 
to reduce distal flow resulted in 
prompt healing of the lesion.’ Arte- 
rial insufficiency due to proximal 
venous diversion may also produce is- 
chemic manifestations including cu- 
taneous ulceration, tingling, numb- 
ness, muscle wasting, and motor 
weakness.° 

In the two cases presented, prefer- 
ential, distal venous flow was associ- 
ated with obliteration of the proximal 
channel. Damage incurred during 
traumatic or intramural venipuncture 
was the probable cause of partial or 
complete thrombotic occlusion. This is 
less likely tə occur in an end-to-side 
fistula where unidirectional flow is 
maintained despite increased resist- 
ance to venous return in the cephalic 
vein. Based on these considerations, 
we have adopted the end-to-side, 
vein-to-artery technique in construct- 
ing arteriovenous anastomoses. 


Arch Surg/Vol 108, Feb 1974 


Through the usual transverse incision 
at the proximal flexion crease of the 
wrist, the artery and vein are iso- 
lated. The vein is mobilized distally 
for 3 to 4 cm and divided at a point 
that provides an adequate length of 
vessel for approximation to the ar- 
tery without tension. Tributaries are 
divided and ligated. Hydrostatic dila- 
tion of the vein with heparin sodium- 
saline solution is performed with the 
use of an ophthalmic bulb syringe and 
occlusion of the exposed portion with 
a small vascular clamp. During this 
maneuver, digital pressure over the 
cephalic vein in the midforearm is ef- 
fective in dilating the unexposed por- 
tions of the vessel. In contrast to the 
extensive mobilization of the radial 
artery required in the side-to-side 
procedure, liberation of a limited seg- 
ment is sufficient in the end-to-side 
method. The arterial segment is ex- 
cluded between two vascular bulldog 
clamps and an arteriotomy made 
along the anterolateral aspect of the 
radial artery for 1 cm. The obliquely 
sectioned end of vein with a proximal 
angle incision of appropriate length 
is accurately matched to the arteri- 
otomy. The anastomosis is completed 
with a continuous No. 6-0 or No. 7-0 
synthetic suture in conventional fash- 
ion. Gentle handling of vessels, avoid- 
ance of kinking, and removal of 
constricting adventitial bands are ob- 
vious prerequisites for a successful 
fistula. 

For the past 18 months, this proce- 
dure has been used in 28 patients 
with one immediate failure but with- 


out complications during subsequent 
hemodialyses. Compared to the side- 
to-side technique, the operation has 
taken less time to perform and has 
been found more suitable for the 
small-caliber vein. Hydrostatic dila- 
tion of a longer vein segment in the 
forearm seems to have eliminated the 
problem of outflow spasm, facilitated 
vessel handling, and allowed earlier 


postoperative utilization of the shunt. 
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Cast Syndrome 


Duodenal Dilation or Obstruction in a Patient 
in a Body Cast, With Review of the Literature 


J. Preston Hughes, MD; James E. McEntire, MD; Theresa K. Setze, New Orleans 


When dilation and obstruction of the 
duodenum occur after the application of a 
Risser body cast or body jacket and produce 
pernicious vomiting, aspiration, and some- 
times death, the condition is termed ‘‘cast 
syndrome.” A patient with such a syndrome 
is presented and 37 cases reported in the lit- 
erature are reviewed. Our patient had con- 
genital scoliosis treated with a spinal fusion 
and Harrington rod instrumentation. Follow- 
ing the operation, she was placed in a total 
body cast. She developed pernicious vomit- 
ing and became moribund. Treatment con- 
sisted of removal of the cast and medical 
treatment with intermittent nasogastric tube 
decompression, neostigmine (Prostigmin) 
methylsulfate, position alteration, and intra- 
venous hyperalimentation. After no re- 
sponse, duodenojejunostomy was success- 
fully performed. 


bstruction of the duodenum by 
the superior mesenteric artery is 
caused by a combination of anatomic 
and mechanical variables occurring 
when extrinsic pressure between the 
aorta and the superior mesenteric ar- 
tery potentiate occlusion in the 
duodenum.''* Such extrinsic pressure 
is created when a Risser body cast 
(chin to pelvis) or body jacket is ap- 
plied, producing pernicious vomiting, 
aspiration, and sometimes even death 
if the cast is not removed. This condi- 
tion is called “cast syndrome.” A case 
of cast syndrome is reported and the 
literature is reviewed. 


Report of a Case 


A 15-year-old girl was admitted to the 
Primary Children’s Hospital in Salt Lake 
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City on Nov 3, 1970. She had been treated 
for congenital scoliosis with a Risser body 
cast for five months. She underwent Har- 
rington rod instrumentation and spinal fu- 
sion Nov 4. Postoperatively she complained 
of epigastric fullness. A Risser body cast 
was applied Nov 16. The patient had a feel- 
ing of fullness associated with nausea im- 
mediately after the cast was applied. Two 
days afterward, she began vomiting. A 
window was cut in the abdominal area of 
the cast and a flat plate and upright roent- 
genograms of the abdomen showed gastric 
dilation. The body cast was removed re- 
vealing obvious abdominal distention (Fig 
1). Nasogastric decompression yielded 
2,400 ml of dark, brownish gastric con- 
tents. 

The patient’s white blood cell count 
WBC was 18,000/cu mm; the erythrocyte 
sedimentation rate was 60 mm/hr; the 
hematocrit reading was 30%. Urinalysis 
was dilute in specific gravity. The patient’s 
sodium level was 130 mEq/liter; potassium 
level 2.8 mEq/liter. Her blood urea nitro- 
gen (BUN) level had risen to 200 mg/100 
ml, and her vomitus was bile-colored and 
positive for bile and guiac. 

Small liquid feedings, intravenous hy- 
peralimentation, postprandial positioning 
to the abdomen or left side and then to the 
right side, administration of neostigmine 
methylsulfate, and intermittent nasogas- 
tric tube decompression were all tried 
without success until Dec 15. Upper gas- 
trointestinal tract roentgenograms (cineo- 
gram) showed an obstruction at the point 
where the superior mesenteric artery 
crossed the duodenum. Obstruction of the 
duodenum as well as the stomach was illus- 
trated in one flat plate of the abdomen 
(Fig 2). On Dee 15, the patient underwent 
retrocolic side-to-side duodenojejunostomy. 
At operation the preoperative diagnosis 
was confirmed with severe duodenal ob- 
struction at the point of the superior mes- 
enteric artery. The patient’s severe sco- 
liosis also contributed to a definite 
obstructing effect. The postoperative pe- 
riod was uncomplicated. The patient toler- 


ated a Risser cast on Dec 29 and was dis- 
charged on Dec 31, 1970. She was seen six 
months later. The upper gastrointestinal 
tract roentgenograms were repeated and 
the patient was doing well. 


Comment 


Thirty-seven cases of the cast syn- 
drome have been found in the litera- 
ture through 1970.'*** Seven died. The 
syndrome has occurred most often in 
young patients between 12 and 26 
years (32 of the 37 patients). Male pa- 
tients outnumbered female in a ratio 
of 21:14 with the sex of two patients 
not reported. The preexisting illness 
for which the casts had to be applied 
are shown in Table 1. The types of 
casts and the numbers of patients 
using each type were as follows: shoul- 
der spica, 1; body cast, 13; Risser cast, 
14; shell cast, 2; hip spica, 6; and un- 
known, 1. The casts were all applied 
to hyperextend the spine with the im- 
mobilization of the entire body from 
different levels below the axilla to dif- 
ferent levels beneath the pelvis. 

The cause of the obstruction in the 
cast syndrome is obscure. Some pa- 
tients had only dilation and not ob- 
struction. Experimental work has 
shown that gastric dilation could not 
be produced merely by ligation of the 
duodenum in dogs.® Leigh” claims 
that hyperextension with increased 
lordosis displaces the small intestine 
into the pelvis. The result is traction 
of the mesentery with the duodenum 
being compressed against the aorta 
and superior mesenteric artery. Leu- 
cutia’’ claims that the dominant 
cause is gastric atony resulting from 
reflex inhibition of the peripheral mo- 
tor mechanism via efferent impulses 
of the vagus nerves. 

Berk and Coulson" report a delay 
of one month after the cast is applied 
before the onset of symptoms; how- 
ever, in the cases reported in the lit- 
erature the time interval varied from 
immediately afterward to 16 weeks 
(Table 2). In our patient, fullness was 
reported immediately after the cast 
was applied and the vomiting oc- 
curred on the third day postcast. 
Table 3 gives the results of treatment | 
as reviewed in the literature. 

Both laboratory and radiological 
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Fig 1.—Severe gastric dilation after removal of body cast applied 


for scoliosis. 


fmdings are useful in the diagnosis of 
this syndrome (Table 4). Fluoroscopy 
and upper gastrointestinal tract stud- 
ies showed to-and-fro movement of 
the contrast material to the point of 
obstruction at the duodenum and su- 
perior mesenteric artery. The patient 
at the time of diagnosis had become 
moribund, but the degree of abdomi- 
nal distention and the roentgen- 
ograms indicated that the patient had 
severe gasiric dilation. Reflux of 
duodenal contents from superior mes- 
enteric artery obstruction is associ- 
ated with loss of blood into the stom- 
ach from the dilation of this mucosa. 

Treatment of this syndrome con- 
sists of early diagnosis and complete 
removal of the cast, and not simply 
cutting a window in the abdominal 
part of the cast. We initially tried 
cutting a window in the cast, which 
did not prove to be adequate treat- 
ment, and the cast was removed en- 
tirely. Medical treatment was first 
tried in our patient to improve her 
desperately ill status befare an oper- 
ation and to see if medica! treatment 
alone would suffice. The medical 
treatment consists of intravenous hy- 
peralimentation to replace potassium 
and chloride. A nasogastric tube is in- 
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Fig 2.—Duodenal obstruction (a); gastric dilation (b). 


Table 1.—Preexisting Illnesses for Which Casts Were Applied 


No. of 
Patients 





llIness 


Spinal disease or trauma 
Kyphoscoliosis 1 
Pott disease 
Injury 
Sciatica 
Osteomyelitis 

Hip disease or trauma 
Congenital hip disease, postoperative 
Slipped proximal epiphysis 
Arthritis 

Fractures 
Pelvis 
Femur 
Multiple 


Flail shoulder 
Total 


Table 2.—Time Interval From Application of Cast to Onset of Symptoms 


No. of Patients 
Onset of No. of With Cast Removed 
Symptoms Patients Before Emesis 


Immediately 7 4 
1 day 6 
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2 days 4 1 

3 days 2 HE 

1 week 2 4 

2 weeks 1 2 

3-4 weeks 1 m 

7-8 weeks 2 BE 
- 14 weeks 1 

16 weeks 2 

Unknown 9 
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Table 3.—Results of Treatment 




















Total 


Treatment No. of Patients Outcome 
Window cut in cast + medical 5 Died (2), 
delayed 
function (3) 
Cast removed + medical 16 Died (2), 
operation 
required (4), 
delayed 
function (4), 
required no 
more treat- 
ment (6) 
Surgical after trial of medical 15 Required 
Ligament of Treitz no more 
mobilized (2) treatment (15) 
Duodenojejunostomy (12) 
Gastrojejunostomy (1) 
Unknown 1 Died (1) 


Table 4.—Radiographic Findings in Cast Syndrome 


Flat plate and upright roentgenograms 
Dilated stomach 
Lateral dilation of duodenum’ 


Fluoroscopy 


To-and-fro motion 
Dilation of duodenal loop 
Obstruction of duodenum at point of superior mesenteric artery 
Regurgitation into stomach 
Double fluoroscopy’ 
Decreased angle between superior mesenteric artery and aorta ; 
Decreased distance between superior mesenteric artery and duodenum 


serted and intermittent suction is ap- 
plied. Liquids may be tried by mouth. 
Neostigmine methylsulfate is given 
(15 mg every eight hours). It is often 
of benefit to change the patient’s po- 
sition, ie, the patient may be allowed 
to walk, or to try the flat decubitus, 
prone, or knee-chest positions to en- 
courage the gastric contents to be 
emptied past the superior mesenteric 
artery obstruction of the duodenum. 
A circular electric bed may be tried. 
This bed changes the position of the 
patient if the patient is unable to be 
moved because of underlying muscu- 
loskeletal problems. The circular bed 
changes the position from face-up to 
face-down with minimal effort by the 
patient. 

If the medical treatment does not 
suffice, surgical treatment is indi- 
cated when the patient’s condition 
has stabilized. The surgical proce- 
dures consist of release of the liga- 
ment of Treitz, duodenojejunostomy, 
or gastrojejunostomy with vagotomy 
(Table 3). Duodenojejunostomy has 
been most frequently used with good 
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results. 

Eighteen of the 37 patients either 
underwent surgical procedures or 
were examined at autopsy. In four of 
the 18, dilation was observed but not 
obstruction. 

Although this article concerns the 
cast syndrome in patients with body 
casts, the same condition can occur in 
persons with burns and debilitating 
weight loss. 


Virgil R. Condon, MD, radiologist at the Pri- 
mary Children’s Hospital, Salt Lake City, recog- 
nized the syndrome. 

Harold Monson provided the illustrations of 
the syndrome. 
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Cast Syndrome/Hughes et al 


A 63-year-old man was admitted to the 
hospital with chronic partial intestinal ob- 
struction and at the time of operation was 
found to have an internal omphalocele. All of 
the midgut was trapped in the peritoneum; 
an incidental carcinoid of the duodenum was 
present. Partial release of the small intestine 
(performed by peeling off the sac) and gas- 
trajejunostomy cured the patient. In an in- 
ternal omphalccele, the whcle midgut, with 
its sac (the fusion of the external peri- 
tomeum and the body peritoneum), is re- 
duced into the peritoneal cavity. It is thus to 
be differentiated from paracuodenal hernia, 
where the contents of the sac include only 
the prearterial segment of the midgut and 
where the hernia is retrocolic. 


a... omphalocele or con- 
. cealed umbilical hernia is a rare 
congenital anomaly of midgut rota- 
tien. The midgut becomes enclosed in 
a blõodless peritoneal sac due to en 
masse reduction of the physiological 
hernia during the intrauterine period. 

Papez’ first described this condi- 
tion, as found in a cadaver. An un- 
usual case of internal omphalocele in 
which the entire midgut was trapped 
in a separate peritoneal sac is 
reported. 


Report of a Case 


A 63-year-old man sought hospital ad- 
mission on Sept 17, 1972 because of upper 
abdominal distention, freqaent vomiting, 
particularly after meals, and weight loss 
during the preceding six months. Vomit- 
ing, which at times was bilious, was often 
self-induced to relieve the abdominal dis- 
comfort. The patient denied any history of 
hematemesis, melena, or any symptoms 
pertaining to malabsorption syndrome. 
Further interrogation revealed that for 
the past six years he had been suffering 
from intermittent episodes ef burning epi- 
gastric pain, which were often relieved by 
antacids. 

On physical examination the patient was 
found to be anemic, dehydrated, and ema- 
ciated. Abdominal examination revealed 
a distinct fullness in the epigastrium 
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and left hypochondrium with visible left- 
to-right peristalsis and positive succus- 
sion splash. The hemoglobin level was 
9.5 gm/100 ml and leukocyte count, 
12,600/cu mm with a normal differential. 
Gastric aspirate contained bile. Roentgen- 
ograms taken after a barium meal con- 
firmed the clinical impression of a partial 
pyloric obstruction as evidenced by a large, 
dilated stomach and delayed gastric emp- 
tying. 

On Sept 22, 1972, abdominal exploration 
was carried out through an upper midline 


‘incision. Marked dilation of the stomach 


and the duodenum up to the duodenoje- 
junal junction was noticed. A whitish, 
avascular, membranous sac was found en- 
sheathing the intestine from the distal half 
of the second part of the duodenum to the 
junction of the middle and left third of the 
transverse colon, thus obscuring its direct 
visualization (Fig 1). The sac was trans- 
lucent and of the same thickness as an 
ordinary peritoneum. This sac was found 
to be continuous, with an additional outer 
layer that covered the undersurface of the 
lower and the anteior parietal peritoneum 
up to the level of the umbilicus. The as- 
cending branch of the left colic artery and 
inferior mesenteric vein were lying behind 
the hernial sac. The maximal dimensions 
of the sac were 46 cm x 25 em. Since the 
entire small bowel lay coiled in three bun- 
dles within this sac, its apparent length ap- 
peared to be only 46 cm. An attempt was 
made to release the trapped small bowel by 
peeling off the membrane at a number of 
places. It was, however, not deemed nec- 
essary to peel off the membrane com- 
pletely, and the partially released small 


bowel measured 1.2 meters. Had the small 
bowel been released completely, its exact 
length would have been 2.4 to 3 meters. 
The sigmoid colon and greater omentum 
were poorly developed. There was a yellow- 
ish plaque 0.5 cm in diameter on the ante- 
rior surface of the first part of duodenum 
with an enlarged supraduodenal lymph 
node. 

The duodenal plaque and the enlarged 
lymph node were excised, and the duodenal 
defect closed in two layers. A retro- 
colic gastrojejunostomy was also per- 
formed. On histological examination, the 
excised plaque and the lymph node re- 
vealed carcinoid tumor of the duodenum 
with lymph node metastases. Postopera- 
tively, the patient made an uneventful re- 
covery and has been asymptomatic. 


Comment 


During the second stage of rota- 
tion, the midgut returned to the 
abdominal cavity in a definite order, 
without the peritoneal covering of ex- 
traembryonic celom. The prearterial 
segment reduced first, followed by 
the postarterial segment and the 
midgut, thus undergoing further an- 
ticlockwise rotation through 180° 
around the axis of the superior mes- 
enteric artery. The narrow umbilical 
orifice and the relatively large size of 
the cecum prevented en masse reduc- 
tion of the midgut.’ However, if re- 
duction of the midgut into the ab- 
dominal cavity occurs along with its 
peritoneal covering, internal om- 
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Fig 1.—Operative findings. Inner lining of sac derived 
from peritoneum of extraembryonic celom (EP) is repre- 
sented by ILS; outer lining of sac developed from body 


peritoneum (BP) by OLS. 


phalocele results. Factors responsible 
for this en masse reduction can be 
postulated as (1) adhesions between 
the midgut and the peritoneal sac of 
the umbilical cord and (2) a large um- 
bilical orifice. Papez' believed that 
_ duodenal adhesions to the wall of the 
physiological umbilical hernial sac 
had caused this sac to be withdrawn 
intact with the enclosed midgut loop, 
or a major part of it. Batson’ further 
explains that this peritoneal sac of 
extraembryonic celom gets covered 
with a second layer denuded from the 
body peritoneum, thus forming a 
double-layered sac invaginated by the 
varying length of the midgut. 

The present case findings support 
Batson’s* concept of a double-layered 
sac. Thus, during the second stage of 
rotation the midgut loop got trapped 
within the inner sac (derived from 
the embryonic umbilical peritoneal 
diverticulum) due to adhesions be- 
tween the two. Peritoneum of the 
outer sac (derived from body peri- 
toneum) became adherent to the un- 
der surface of the liver and the ante- 
rior parietal peritoneum (Fig 2). The 
contents of the sac may be either all 
of the small bowel'* or the entire 
midgut, as in the present case. The 
stoma of the sac either fuses with a 
part of the dorsal mesentery’ or with 
the root of the dorsal mesentery and 
parietal peritoneum.‘ The sac will ei- 
ther lie on the right side, with nonro- 
tation of the colon,’ or in the center, 
with normal rotation.‘ In the present 
case the sac was central in position 
and the stoma fused with the root of 
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Fig 2.—Development of internal omphalocele. Peritoneum of extraembryonic 
celom is represented by EP; body peritoneum by BP. Left, Normal physiological 
hernia; middle, en masse reduction of physiological hernia; and right, entrapping 
of midgut by peritoneum of extraembryonic celom and fusion of stoma of double- 
layer sac with base of mesentery. 


the dorsal mesentery and parietal 
peritoneum. 

Papez' considered internal om- 
phalocele and paraduodenal hernia as 
one and the same entity. Bartlett et 
al postulated that failure of proper 
rotation of the prearterial segment 
led to its entrapment under the mes- 
entery of the rotating colon, resulting 
in the development of paraduodenal 
hernia, so-called because of its prox- 
imity to the duodenum. This, there- 
fore, consists of the small intestine 
ensheathed in a separate peritoneal 
sac with an opening through which 
the distal ileum passes into the free 
peritoneal cavity to join the cecum. 
This may occur on either the right or 
left side, depending on the exact na- 
ture of the error of rotation of the 
midgut loop. 

Internal omphalocele should be re- 
garded as a definite and separate en- 
tity from paraduodenal hernia. The 
main differentiating features be- 
tween the two are (1) In paraduode- 
nal hernia, the contents of the sac in- 
clude only the prearterial segment of 
the midgut, whereas in a true con- 
cealed umbilical hernia the entire 
midgut, including both pre- and post- 
arterial segments, should be in a sep- 
arate peritoneal sac (derived from the 
embryonic umbilical peritoneal diver- 
ticulum). (2) In paraduodenal hernia, 
the sac, with its contents, is always 
retrocolic and may occupy either the 
right or left side of the abdominal 
cavity, whereas in true internal um- 
bilical hernia it should be antecolic (in 
front of the left half of the transverse 


colon and distal colon) and centrally 
disposed. (3) The colic vessels (ie, the 
ileocolic, right colic, and middle colic 
vessels in the case of right para- 
duodenal hernia and the ascending 
branch of the left colic artery and in- 
ferior mesenteric vein in the case of 
left paraduodenal hernia) lie anterior 
to the hernial sac of a paraduodenal 
hernia, whereas these vessels should 
be posterior to the sac of a true inter- 
nal omphalocele. 

All of the above features of true in- 
ternal omphalocele were found in the 
present case, thus differentiating it 
from paraduodenal hernia. 

To our knowledge, clinical features 
of internal omphalocele have not been 
recorded in the literature, as the 
previously reported cases have been 
found in cadavers.'* The present pa- 
tient was admitted to the hospital 
with clinical features of partial pylo- 
ric obstruction; the presence of malig- 
nant carcinoid tumor of the duode- 
num was only an incidental finding. 
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Candida Endophthalmitis Associated 


With Intravenous Hyperalimentation 


Joel B. Freeman, MD, FRCS(C), Iowa City; Peter L. Davis, MD, FRCS(C); 


Lloyd D. MacLean, MD, FRCS(C), Montreal 


Prolonged venous catheterization and in- 
travenous administration of alinentation in 
malnourished patients is associated with an 
inereased risk of systemic candidiasis, and 
the eye is not immune to invasion by this or- 
ganism. Endophthalmitis is a serious compli- 
cation with a high incidence cf visual loss 
and mortality. it is difficult to diagnose, and 
it may be present when Candida organisms 
have not been grown from any other sites. 
The presence of eye pain or other visual dis- 
turbances combined with the rather charac- 
teristic funduscopic appearance of “cotton 
weol”’ exudates are absolute indications for 
the prompt administration of amphotericin 
B. Routine ophthalmoscopy is an important 
part of the daily management of any patient 
in whomthe physician has reason to suspect 
fungal overgrowth. 


lince it was first introduced in 
1968, imtravenous alimentation 
(IVA) has received considerable at- 
tention in the literature, and all re- 
perts have confirmed its safety pro- 
vided that it is administared under 
the supervision of physicians who are 
aware of its potential metabolic haz- 
ards.” However, the incidence of sep- 
ticemia in patients receiving IVA 
ranges from 3% to 27%, and approxi- 
mately half of the infections are 
fungal.’ 

Systemic candidiasis has several 
unique features. Its diagnosis is fre- 
quently elusive since infection may 
exist in the absence of fever, leuko- 
eytosis, positive blood cultures, or 
other systemic signs. On the other 
hand, patients with positive blood cul- 
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tures do not necessarily have sys- 
temic infection, so that distinguish- 
ing simple colonization from invasion 
can be a major clinical problem.’ Also, 
the decision to treat cannot be taken 
lightly since amphotericin B—the only 
parenteral agent that is effective 
against systemic candidiasis—has a 
high incidence of toxicity. 

Candida endophthalmitis is an un- 
usual complication of systemic candi- 
diasis. It is important in that it repre 
sents a serious threat to vision, and 
its presence is an absolute indication 
for the administration of amphoteri- 
cin B. 


Report of a Case 


A 22-year-old white woman had a recto- 
vesical fistula associated with a 13.6-kg 
weight loss. She had been treated with Fo- 
ley catheter drainage and ampicillin for 24 
days. The urine contained abundant Esche- 
richia coli organisms. After receiving IVA 
for eight days, with the intermittent use of 
a .45 millipore filter, her temperature rose 
to 39.4 C, and Candida albicans bacterium 
was isolated from the blood and subclavian 
catheter. The catheter was removed, and 
the patient’s temperature returned to 
normal. 

Ten days later, a second catheter was 
placed and treatment with IVA recom- 
menced. Ten days following the placement 
of this catheter, the patient complained of 
pain in her right eye, and, on more detailed 
questioning, she also stated that her vision 
was blurred and that she saw black spots. 
On examination, her vision was 20/70 in 
the right eye and 20/20 in the left eye. 
Fundoscopic examination of the right eye 
showed three, fluffy, white “cotton wool” 
lesions as well as a considerable number of 
linear inflammatory streaks distributed 
around the macula (Fig 1). The left eye 
was normal. Culture of the subclavian 
catheter and blood again grew C albicans, 
but there was no growth from a culture of 
the nutritional solution. Initially, uveitis 
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was diagnosed, but, before steroids were 
administered, the correct diagnosis was 
made by the ophthalmological consultant. 
Over the next 24 days, the patient received 
a total of 565 mg of amphotericin B, and 
there was considerable improvement in the 
funduscopic appearance (Fig 2). Her vision 
also improved considerably during treat- 
ment, but, at five-month follow-up, she had 
only 20/50 vision in her right eye due to 
scarring of the macula. 


Fungal Endophthalmitis 


We have reviewed and tabulated 
the literature with the exclusion of 
cases that were secondary to trauma 
or extraocular surgery (Table).*-'* Of 
the 49 cases summarized, definite sys- 
temic involvement occurred in 14 pa- 
tients and was questionable in five 
patients. None of the remaining 30 
patients had any evidence of systemic 
involvement. Twenty-two of the pa- 
tients died (45%). Severe to total loss 
of vision in one or both eyes occurred 
in 23 patients (47%); moderate loss of 
vision occurred in five patients (10%); 
and there was no loss of vision in four 
patients (8%). Loss of vision could not 
be determined in 17 of the patients 
(35%), many of whom died prior to 
complete visual assessment. The most 
common initial symptoms were pain, 
blurred vision, or seeing spots before 
the eyes. Symptoms were either ab- 
sent or minimal in at least 11 of the 
49 patients (24%). Candida albicans 
was the most common infective agent 
followed by Aspergillus. Other Can- 
dida species may also be infective, 
however, and, in addition, at least 40 
different fungal organisms have been 
reported to be capable of causing oc- 
ular infection."*:'*:?? 


Fungemia and IVA 


Michelson‘ in his review mentioned 
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Fig 1.—Right fundus before treatment. Temporal to mac- 
ula (m) is a circumscribed white retinal plaque (1) with sur- 
rounding linear strands of inflammatory exudate (arrows). A 
larger, fluffy vitreous abscess is seen nasal to macula (2), 
and a third smaller abscess is seen superior to macula (3). 


Fig 2.—Same eye after three weeks of amphotericin B treatment. 
This is a slightly different projection in that lesions are more su- 
perior, and part of optic disk (od) is visualized. Temporal retinal 
abscess (1) is smaller and more circumscribed. Nasal vitreous 
abscess (2) is smaller, and superior abscess (3) has disappeared. 





examining four eyes with ocular can- 
didiasis not diagnosed prior to the pa- 
tient’s death, and he suggested that 
this entity might be more common 
than is generally appreciated. Fish- 
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man et al’ verified endophthalmitis 
in six patients arising as a complica- 
tion of prolonged intravenous cathe- 
terization. It was not stated whether 
or not these patients were receiving 


Source 
Wolter,® 1962 


Baldone et al,‘ 
1968 


Walinder and 
Kock,’ 1971 


Walinder and 
Kock,’ 1971 


Walinder and 
Kock,’ 1971 


Walinder and 
Kock,’ 1971 


Michelson,® 
1971 


Fleming,’ 
1972 


Ramsey and 
Willis,” 1972 


Ramsey and 
Willis,” 1972 


Bernhardt 
et al,” 1972 


Bernhardt 

et al,” 1972 
Bernhardt 

et al,” 1972 


Bernhardt 
et al,” 1972 


Bernhardt 
et al,” 1972 


Fishman et al,” 
1972 





Diagnosis 
Draining abdominal wall ab- 
scess; 8 previous opera- 
tions; intermittent doses 
amphotericin B and ste- 
roids over previous 5 years 


Abdominal hysterectomy; mul 
tiple doses amphotericin B 
for 7 days postoperatively 


Replace aortic valves; mul- 
tiple doses amphotericin B 


Repair VSD; multiple doses 
amphotericin B and ste- 
roids 


Resect cancerous esophagus; 
multiple dosese amphoteri- 
cin B and steroids 


Resect perforated colon, mul- 
tiple doses amphotericin B 
and steroids 


29 cases with a wide variety 
of medical and surgical con 
ditions; multiple dose am- 
photericin B, 24; steroids, 
15 


Bypass duodenal atresia, 
stormy postoperative cours 
multiple doses amphoterici) 
B; prolonged intravenous 
therapy 


Abdominal-perineal resec- 
tion and bilateral inguinal 
hernia repair; stormy post- 
operative course; multiple 
doses amphotericin B 


Many operations for gunshot 
wounds of chest and abdo- 
men; stormy postoperative 
course and multiple doses 
amphotericin B 


Renal transplant, multiple 
doses amphotericin B, ste- 
roids, and immunosuppres- 
sion 

V+P; total gastrectomy; mul- 
tiple doses amphotericin B 


Bowel resection, tracheos- 
tomy; resection of perfora- 
tion, multiple doses am- 
photericin B 


Repair cholejejunal fistula; 
subphrenic abscess; trache 
ostomy; multiple doses 
amphotericin B 


Multiple enterostomies for 
gastric carcinomatosis; 
multiple doses amphoteri- 
cinB 

Six postsurgical patients; all 
receiving amphotericin B 


* OS indicates left eye; OD, right eye; VS 


IVA through the catheters. There are, 
however, a number of other reports 
that have clearly established the in- 
creased incidence of candidemia oc- 
curring in patients receiving IVA 
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Summary of Reported Cases of Endogenous Candida Endophthalmitis 


‘Ocular 
Involvement 


Marked exucate in anterior 


chamber preventing visual- 


` ization of fundus. Large 
vitreal abscess containing 
Candida in enucleated 
specimen 


Systemic 
Involvement 


Nil 


Positive Cultures 
Not taken 


Loss of Vision 
Total in OD 


tilateral anterior chamber Nil C albicans from urine, OD, complete loss 


exudates; iarge chorioreti- 
nal abscess in OS* 


bilateral cotton-ball vitrea! 


‘ilateral cotton-ball vitreal 
exudates 


ilateral cotten-ball vitreal 
exudates 


ilateral, smal vitreal exu- 
dates that regressed with 
treatment 


widence of uveitis or anteri- 
or chamber inflammation, 
25; not dene, 2; no eye 
findings, 2 


lilateral vitreal exudates 


ot performed; at autopsy, 


typical endephthalmitis in OD 


lateral cotton-ball vitreal 
exudates 


we, no details 


+e, no details 


e, no details 


we, no details 


we, no details 


‘real extension and ante- 
rior uveitis, 3: focal retinal 


lesions, 6; bilateral, 4; uni- 


lateral, 2 


stool, and blood on 


7th postoperative day 


Nil Aspergillus from OD 


Candida abscess C albicans in blood 214 


in left lung 
Nil C albicans in blood 3 
weeks postoperative 
Nil C albicans in blood 6 


weeks postoperative 


Various sources—8 C albicans in blood, 
14; in CSF, 1; in 
urine, 4 


Not stated C albicans in blood 


and lung abscess 


Heart and kidney 
postoperative day 


considered to be con- 


taminants 
Uncertain C albicans in blood 
on 4th postoperative 
day 
Heart, liver, None 
kidney, brain, 
lung 


Heart and kidney Incision, blood, urine, 


central vein catheter 


Heart and kidney None 


All organs Foley, incision, urine, 


peritoneal fluid 


Heart and kidney Urine 


Possible pulmonary Subclavian catheter, 6; 
abscesses, 2 blood, 5; urine, 3; 
feces, 1; cutaneous, 
2 


| itricular septal defect; V + P, vagotomy and pyloroplasty. 


OS, 20/25 


OD, light perception 


OS, Partial loss 


OD, light perception 
weeks postoperatively OS, 20% acuity 


None 


Note stated, patient 
apparently recov- 


ered 


Loss of vision, 8; 
ennucleation, 7; 


partial recovery, 4; 
completey recov- 


ery, 1 


Signs and Symptoms 

Sudden onset of pain 
and loss of vision 
in OD; survived 


Decreased vision on 
10th postoperative 
day; survived 


Fever, pain, de- 
creased vision 
in OD; died 

Blurring of vision; 

survived 


Blurring of vision; 
survived 


None survived 


Pain, blurring of vi- 
sion most com- 
mon; survived, 
16; died, 13 


Total loss bilaterally Found to be blind at 


Blood and urine on 10th Not examined 


Patient died before 
vision could be 
completely as- 
sessed but defi- 
nite loss in OS 


Patient died 


Patient died 


Patient died 


Patient died 


Patient died 


Loss, 3; no loss, 
2; unknown, 1 


9 months of age; 
died 


Not examined; 
died 


Complained of re- 
duced vision in OS 


Not stated 


Not stated 


Not stated 


Not stated 


Not stated 


Asymptomatic, 1; 
impaired vision, 
5; spots, 4; pain, 
3; survived, 6 


Treatment 


Sulfonimides, ste- 
roids, local atropine 


Amphotericin B, 3,800 
mg Over 3 days; an- 
terior chamber irriga- 
tion in OD; steroid 
for first 10 days 

Amphotericin B and 
nystatin 1 week 


Amphotericin B, 7 
weeks 


Amphotericin B, 3 
weeks 


Amphotericin B, 6 
weeks 


Amphotericin B, 6 pa- 
tients; nystatin, 2 
patients; combina- 
tion, 4 patients 


Nystatin, 4 weeks 


None 


Amphotericin B, 1 
week prior to death 


Nystatin mouth wash 


None 


None 


Nystatin, orally 


None 


Amphotericin B, all 
patients, range 
175 to 1,500 mg 


through long-term indwelling cathe- 
ters.“ ° The association between the 
admmistration of IVA, fungemia, 
and endophthalmitis was first re- 
ported by Bernhardt.” The usual pre- 
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disposing factors were present in 
each of his 14 patients, and 13 of 
these patients also had central venous 
lines in place for an average of 29 
days. Six patients had received IVA, 
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and five patients had Candida en- 
dophthalmitis at autopsy. 


Comment 


Candida endophthalmitis, like sys- 
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temic candidiasis, is associated with 
prolonged illnesses, major surgical 
trauma, malnutrition, the adminis- 
tration of multiple antibiotics, 
steroids, or immunosuppression.””” It 
is probably more common than is gen- 
erally appreciated, and this is due to a 
combination of the failure to perform 
routine ophthalmoscopy and routine 
postmortem ocular examination with 
PAS stains of abscesses.™° The diag- 
nosis of systemic candidiasis is made 
before autopsy in only about 50% of 
the cases.” Endophthalmitis may be 
unilateral or bilateral, and, while fre- 
quently associated with systemic 
fungemia, it may also be an isolated 
phenomenon. A substantial percent- 
age of patients are asymptomatic, 
and, in these, the diagnosis will be 
made only by routine ophthalmos- 
copy. The urine or intravenous cathe- 
ters are usually the first to grow 
yeast on culture. Blood cultures, while 
helpful if positive, are frequently 
negative for this organism even in 
the presence of invasive disease. 
However, they may be positive prior 
to the onset of symptoms, and such 
positive cultures can never be ignored 
or considered contaminants, a point 
well illustrated by the first case of 
Ramsey and Willis.” On occasion, pe- 
ripheral blood smears may demon- 
strate fungi even earlier than blood 
cultures.?™*?! Endophthalmitis may 
also appear at long intervals follow- 
ing the initial infection.’ 

The clinical picture is not as pro- 
nounced as it is in bacterial sep- 
sis, the temperature usually ranging 
from normal to slightly elevated, and 
the leukocyte response being min- 
imal. Normally, the patient complains 
of pain, decreased light perception, 
blurriness, or seeing spots before his 
eyes. Frequently, these symptoms are 
elicited only on direct questioning as 
was the case with our patient. The 
initial eye examination often sug- 
gests acute uveitis, and this may lead 
the unwary to administer steroids 
that initially appear helpful but ac- 
tually worsen fungal endophthalmitis 


and delay the administration of am- 


photericin B.°"* After a period of 
days to weeks, fluffy, white “cotton 
wool” exudates appear in the anterior 
chamber or the posterior vitreous or 
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both. While recovery can still occur, 
most commonly the exudate resolves 
slowly with scarring of the macula 
leading to severe loss of central vi- 
sion, secondary glaucoma, or retinal 
detachment. Persistent pain or the 
threat of sympathetic loss of vision in 
the contralateral eye are the usual in- 
dications for ennucleation that is not 
infrequently required. The clinical 
course of non-Candida, fungal endoph- 
thalmitis is similar to the above.*'' 
Prevention includes avoiding pro- 
longed catheterization or antibiotic 
treatment whenever possible, imme- 
diate removal of catheters when blood 
cultures or smears are positive, and 
possibly the use of an amphotericin 
B flush through the venous catheter.” 
The advantages of IVA in a patient 
with multiple predisposing factors 
must be weighed against the dangers 
of infection, and, whenever possible, 
alternate routes of nutrition should 
be used. Earlier diagnosis may be fa- 
cilitated by the use of routine blood 
and urine cultures, peripheral blood 
smears, and improved techniques of 
serological testing. The treatment 
of established infection is amphoteri- 
cin B, which is indicated in the pres- 
ence of persistently positive blood 
cultures, established tissue invasion, 
or ophthalmoscopic evidence of en- 
dophthalmitis. Cases that are resistant 
to amphotericin B may occasionally 
respond to the combined oral and top- 
ical administration of flucytosine.** 


This investigation was supported in part by a 
grant from the Medical Research Council of Can- 
ada and in part by the Department of Surgical 
Research, Veterans Administration Hospital, 
Iowa City. 


Nonproprietary and 
Trademarks of Drugs 


Amphotericin B—F'ungizone. 
Flucytosine—A ncobon. 
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Subclavian Vein Catheter Replacement 


Without Venipuncture 


John H. Blewett, Jr., MD; E. Ross Kyger III, MD; Lewis T. Patterson, MD, Harrisburg, Pa 


An extraordinarily quick and safe method 
for replacing subclavian vein catheters with- 
out percutaneous venipuncture has been 
used for over a year. 


rcutaneous catheterization of 
the subclavian vein is becoming 
an increasingly utilized method to de- 
liver hyperosmolar nutrient solutions, 
measure central venous pressure 
(CVP), and even to deliver routine in- 
travenous fluid therapy in patients 
whose peripheral veins are unsuit- 
able. The method is safe in experi- 
enced and careful hands, and is more 
comfortable to the patient than a pe- 
ripherally placed intravenous cathe- 
ter as it leaves both arms free. 
However, extended use of the in- 
dwelling catheter often results in its 
eventual failure to deliver intra- 
venous solutions dependably or record 
aceurate CVP. Administration of 
whoie blood, or packed bleod cells, or 
repeated CVP readings tend to has- 
ten the inevitable failure ef the cath- 
eter's dependability, necessitating its 
replacement. Removing the eatheter, 
however, and replacing it by another 
percutaneous puncture of the subcla- 
vian vein subjects the patient again 
to all the well known hazards of sub- 
clavian venipuncture as well as tak- 
ing a significant amount of physician 
time, especially if he is caring for sev- 
eral patients with these catheters in 
place. 
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A simple method for replacing 
these catheters has been in use in our 
hospital for over a year, and thus far 
it has proved extraordinarily quick, 
safe, and easy on the patient. 


Method 


The patient is placed in a slight Trende- 
lenburg position, and the dressing is re- 
moved from the catheter site. The skin is 
prepared as described by Wilmore and 
Dudrick.' The area surrounding the cathe- 
ter site is shaved and defatted with ether 
or acetone. Then it is scrubbed with a 2% 
iodine tincture. Aseptic technique with 
sterile gloves and instruments is used 
throughout this procedure. A .089-cm Sel- 
dinger wire is then introduced through the 
old catheter. Caution is taken to use the 
“soft” end of the wire, and no force is ever 
exerted (Fig 1). When the wire has been 
inserted past the catheter tip and lies in 
the central venous system, the old No. 16 
gauge catheter with overlying needle 
jacket is withdrawn over the wire. A small 
drop of antibiotic ointment is then applied 
at the intersection of the wire and the skin, 
and a new catheter is then introduced over 
the wire (Fig 2). A No. 16 gauge catheter, 
20.32 cm long and packed separately as a 
cutdown catheter, may be used. No needle 
is required, as there is no need for percu- 
taneous venipuncture. Because there is no 
needle outside the skin, the effective length 
of the catheter is increased. Unless an ap- 
propriate adjustment of catheter length is 
made, the tip will lie further into the cen- 
tral venous system by 7.62 cm. Thus, it is 
withdrawn slightly so that 7.62 em of the 
catheter remain outside the skin. This is 
the length of catheter that was occupied by 
the original catheter needle and guard. 
The catheter is then sutured to the skin 
and an occlusive dressing is applied. A 
blood flow return is the most reliable 
method of ensuring correct placement of 





Fig 1.—Sterile hemostat grasps subcla- 
vian needle with guard while 0.089-cm Sel- 
dinger wire is introduced through No. 16 
20.32-cm catheter. (The entire unit is then 
withdrawn over this wire and discarded, 
leaving wire in place.) 


Fig 2.—A sterile, 20.32-cm No. 16 cathe- 
ter is passed over Seldinger wire and into 
central venous system. Wire is then with- 
drawn and catheter sutured to the skin. 





the catheter, and this should always be ob- 
tained before further intravenous therapy 
is delivered through the catheter. 
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Mesenteric Cysts 


A Review 
Philip R. Caropreso, MD, Harrisburg, Pa 


pe Crs of the mesentery are 

among the surgical rarities,” 
stated Berkeley Moynihan in 1897,’ 
McKeown et al? believed that mesen- 
teric cysts are medical curiosities of 
historic interest only. Mesenteric 
cysts are indeed rare, and have been 
omitted from some surgical text- 
books. However, the subject deserves 
more consideration because of the 
very fact that the cysts are fre- 
quently overlooked. Consequently, 
inappropriate treatment and late 
diagnoses are common in the man- 
agement of mesenteric cysts. The 
medical history and physical exami- 
nation findings are seldom character- 
istic. Roentgenograms are generally 
suggestive and may lead to the diag- 
nosis, which is made most frequently 
at surgery.’ This review of the litera- 
ture is presented in order to provide a 
complete, informative picture of mes- 
entery cysts, thereby alerting the 
clinician to them as potential diag- 
nostic entities. 


Historical Background 
and Incidence 


The historical background of mes- 
enteric cysts is divided into three pe- 
riods' (Table 1). The first period be- 
gan in 1507, when Benevieni, a 
Florentine anatomist, described a 
“callus of the messaric veins” during 
the postmorten examination of an 8- 
year-old boy (Table 2). Rokitansky de- 
scribed a chylous cyst in 1842. Reports 
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of cysts were from postmortem exam- 
inations only. During the second pe- 
riod, from 1850 to 1880, Tillaux per- 
formed the first successful resection 
of a cyst. The third period began in 
1880 and includes the present day. 
Until 1897, only 100 cases had been 
reported.’ Six hundred cases were 
found in the literature by 1954.* A re- 
view at Chicago’s Mercy Hospital re- 
vealed three cases in 150,000 admis- 
sions, while the University of 
Mississippi Medical Center had ac- 
cumulated six cases in 161,994 admis- 
sions.’ A review of the surgical proce- 
dures, totaling approximately 100,- 
000 at Polyclinic Hospital in Harris- 
burg, Pa, during a ten-year period 
from 1963 to 1973, failed to dis- 
close any cases of mesenteric cysts. 
Information concerning cause, na- 
ture, symptomatology, diagnosis, and 
treatment has been increasing stead- 
ily during the third period. 


Cause 


Theories on the cause of cysts of 
the mesentery were cited thoroughly 
in Ford’s* report. Bearhs and associ- 
ates® believed that the cysts are pre- 
formed, developmental abnormalities, 
possibly forming secondary to trauma 
or secondary to degenerating lymph 
nodes. They discounted the belief that 
the cysts evolved following mechani- 
cal obstruction of the lymphatics.* 
Cysts have been classified according 
to origin, either (1) embryonic, the 
true chylangioma, or (2) acquired, 
cysts resulting from lacteal obstruc- 
tion. Other classifications categorized 
all cysts as true chylangioma, which 
developed secondary to congenital or 
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Table 1.—Three Historical Periods 
of Mesenteric Cysts’ 


Characteristics 
of Periods 


The lesion was found 
only atautopsy 


Occasional operations 
were performed 
but usually on 
an incorrect pre- 
operative diagno- 
sis, and none of 
the patients is re- 
ported to have 
survived 


Operations fcr this 
lesion were followed 
by a few recoveries. 
The condition was 
admirably described 
by Dowd, and sur- 
geons teok cog- 
nizance of such an 
entity and diagnosed 
several cases 
preoperatively 


1570- 
1850 
1850- 
1880 


3 1880- 
to date 








Table 3.—Classification’ cf Cysts 









A. Simple 
1. Serous 
2. Chylous 
3. Irregular 
B. Neoplastic 
1. From ectoderm (dermoid) 
2. From mesoderm (lymphangioma) 
3. From entoderm (enterocystoma) 
4. From fetal inclusions (teratoma) 














acquired lacteal obstruction. At this 
time, no cysts have been formed by 
experimental thoracic duct obstruc- 
tion. Moreover, Bearhs et al® postu- 
lated that lymphatic anastomosis is 
toe extensive to permit cyst forma- 
tion, following lacteal obstruction. 
Gross’ advanced the theory that mis- 
placed bits of lymph tissue prolifer- 
ated without access to drainage, and 
thereby created a cyst. He empha- 
sized that mesenteric cysts must be 
distinguished from enteric cysts. 
These differ in nature and in modes 
of treatment. Enteric cysts are ac- 
tual duplications of gut, which con- 
tain mucous membranes and large 
amounts of smooth muscle in layers. 
Others believe that a ruptured lymph 
vessel, extravasated fluid, and granu- 
lation tissue are responsible for cyst 
formation. In his thesis for his MS de- 
gree in surgery, Guthrie’ hypothe- 
sized that the cysts are embryolog- 
ically true diverticulae of the small 
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Date Surgeon 





1507 Benevieni 
1803 Portal 
1842 Rokitansky 
1880 Tillaux 
1883 Péan 
1886 Augagneur 
1887 Hahn 
1891 Arekion 
Bianchi 
1892 Braquehaye 
1897 Moynihan 
1900 Dowd 
1906 Porter 
1910 Timball 
1912 Friend 
1913 Benedict 
1921 Carter 
1924 Higgins 
Lloyd 
1930 Flynn 
1932 Warfield 
1948 Loeb 





intestines—these diverticulae grow 
into the mesentery, become pinched 
off, and, therefore, form isolated cysts 
in the mesentry. He believed that this 
assertion would be proved when 
adenocarcinoma is discovered in a 
cyst. Hardin and Hardy’ stated that 
cysts in the mesentery could result 
from another embryologic anomaly, 
that is, failure of the leaves of the 
mesentery to fuse. 


Classification 


Difficulty in characterizing cysts 
has fostered a lack of information 
about them. Recent systems of classi- 
fication have added logic and struc- 
ture to their study. In 1930, cysts 
were categorized as simple or neo- 
plastic’ (Table 3). Vaughn et al’ felt 
that this classification had been 
widely accepted by 1948. By 1940, fur- 
ther refinements had been made in 
the classification of cysts of the 
mesentery: (1) embryonal, with sub- 
groups divided according to fluid con- 
tent, and (2) pseudocysts’ (Table 4). A 
similar classification by Bearhs and 


Table 2.—Surgeons and Their Contributions From 1507-1948 


First observed a mesenteric cyst at autopsy 
Classified these cysts 
First described chylous cyst from autopsy 


First successfully operated on a cystic mesentery 
tumor 


First marsupialized such a tumor successfully, 
and later Bramann, Killan, Millard and Marklen 
also treated patients surgically 


Found 18 out of 90 cases of mesenteric tumors 
to be cystic 


Classified cysts as blood, chylous, serous, and 
echinococcus 


Referred to 81 case reports 
Found 95 cases to this date 


Added 23 cases and said the total to this date 
was 104 


Added 9 cases and reviewed the literature 


In a classical review added 32 published 
cases making the total 145 


Estimated the total number of reported cases 
at 200 


Added 30 cases 

Collected 52 cases of chylous cysts 

Added 44 cases 

Stated that not over 300 cases had been reported 
Reported that 250 cases had been recorded 


Judged that there were 200-300 cases published 


Found 129 cases reported since 1920 and 
estimated total to be about 500 


Estimated 550-600 cases reported 





Contribution’ 

































co-workers® in 1950 presented four 
main groups: (1) embryonic and de- 
velopmental cysts, (2) traumatic or 
acquired cysts, (3) neoplastic cysts, 
and (4) infective and degenerative 
cysts (Table 4). These systems are 
modifications of the first published 
classification in 1900, which named 
cysts according to their origin.‘ The 


most recent classification, in 1961” 


stated that mesenteric cysts occur in 
or near the mesentery, are not para- 
sitic or dermoid, and are not derived 
from a normally placed retroperito- 
neal organ.’ 


Anatomy and Nature 


Two closely juxtaposed layers of 
peritoneum form the mesentery, 
which extends from the posterior ab- 
dominal wall to the intestines.’ 
Within the layers are connective tis- 
sue, fat, lymphatics, blood vessels, 
and muscle fibers. Cysts contained 
within the mesentery are, therefore, 
mesenteric cysts by definition. Histo- 
logically, benign cysts are lined with 
endothelium but occasionally have fi- 
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brous lining. Smooth muscle may be 
present. Gross’s’ description of the 
walls had connective tissue present 
without any muscle fibers. Two ma- 
lignant neoplasms were reported in 
the series of Bearhs et al, an endo- 
thelioma and a lymphangioendothe- 
lioma. Hardin and Hardy’ stated that 
malignant neoplasms are uncommon 
and usually of low grade. They de- 
scribed two cases (a leiomyosarco- 
ma and a lymphangioendothelioma) 
treated by enucleation. In nine-year 


and 11-year follow ups, respectively, 


the patients were free from evidence 
of metastasis or recurrence. Of the 
malignant neoplasms encountered, 
low-grade sarcomas seemed to pre- 
dominate. Grossly, a cyst with rough, 
papillary projections that bleed easily 
can be assumed to be malignant. Fify 
percent of cysts of the mesentery oc- 
cur in the mesentery of the small 
bowel. Half of these cysts are in the 
mesentery of the ileum (Table 5). 
These cysts are usually flabby and 
symmetric but can be tense and 
asymmetric. Multiple cysts are not 
uncommon.’ In the mesentery proper, 
multilocular cysts are usually found, 
while unilocular cysts are encoun- 
tered more frequently in the mesoco- 
lon. These are small and are seldom 
of surgical importance. Guthrie and 
Wakefield, in analyzing 13 cases, 
demonstrated that cysts greater than 
6 em produced symptoms on 12 occa- 
sions. The exception was a case of a 4- 
year-old child who had a cyst 2.5 cm in 
diameter. In cases of lesser diame- 


` ters, the patients were asymptomatic. 


Guthrie concluded that symptoms sec- 
ondary to mesenteric cysts were on a 
mechanical basis. In the series of 
Bearhs et al, diameters varied be- 
tween 8 and 17 cm in all cases, except 
one, in which the abdomen was filled 
by a cyst. All patients in this series 
were symptomatic. 

Moynihan! did a thorough analysis 
of the fluid content of cysts and cate- 
gorized them according to his find- 
ings. Serous cysts can be unilocular 
or multilocular. They are more com- 
monly associated with the mesocolon. 
The fluid is pale, clear, and straw-col- 
ored, with a specific gravity of 1.015. 
Chemical composition is similar to 


- plasma. Chylous cysts can also be uni- 
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Table 4.—Classification‘ 


. Embryonal cysts 
A. Arising from embryonic rem- 
nants and sequestrated tissue 
1. Serous 
2. Chylous 
3. Sanguineous 
4. Dermoid 
. Arising by sequestration from 
the bowel 
1. Including Meckel’s diver- 
ticulum 
C. Of urogenital origin 
. Pseudocysts 
A. Of infective origin 
1. Hydatids 
2. Cystic degeneration of 
tuberculous nodes 
B. Cystic malignant disease 
. Embryonic and 
developmental cysts 
. Enteric 
. Urogenital 
. Lymphoid 
. Dermoid 
. Embryonic defects in early for- 
mation of lymphatic vessels, 
lymph nodes, etc 
. Traumatic or acquired cysts 
(cyst wall composed of fibrous tis- 
sue without a lining membrane) 
A. Those caused by injury 
1. Hemorrhage causing san- 
guineous cysts 
2. Rupture of lacteals 
3. Extravasation of chyle into 
surrounding tissue 
. Neoplastic cysts 
A. Benign cysts 
1. Hyperplastic lymph of ves- 
sels resolving in lymph- 
angiomata 
B. Malignant cysts 
1. Lymphangioendothelioma 
. Infective and degenerative cysts 
. Mycotic 
. Parasitic 
. Tuberculous 
. Cystic degeneration of lymph 
nodes and other tissue 





Table 5.—Location of Cysts" 


Mesentery of small 
bowel 

Mesentery of sigmoid 

Mesocolon 

Mesentery of cecum 

Mesentery of descending 
colon 

Mesentery of appendix 

Omentum 

Gastrohepatic mesentery 

Duodenum 

Retroperitoneum 

Unknown 





locular or multilocular, and the major- 
ity are in the small bowel mesentery. 
By contrast, the liquid is white or yel- 
low, with a specific gravity of 1.020. 
Fat globules are seen on microscopy. 





Table 6.—History Obtained” 


Symptom of Finding No. % 






Pain of some nature 58 81. 

Nausea and vomiting 32 45.0 
Constipation 19 27.0 
Diarrhea 4 5.5 






Palpable mass 41 58.0 








Hydatid cysts are distinguished by a 
fluid that is clear, thin, and that has a 
specific gravity of 1.007 to 1.010 with- 
out protein. Scolices are generally 
present. Hemorrhagic cysts usually 
follow trauma. Hemorrhage into the 
mesentery can develop a cyst, or can 
occur in a preexisting cyst. Dermoid 
cysts of the mesentery have been 
recorded.’ 


Clinical Picture 


A patient with a cyst in the mesen- 
tery is most likely to be a woman, re- 
ported Moynihan.' The series of 
Vaughn et al’ had a 2:1 female-male 
ratio. However, McKeown in the 
more recent literature showed no sex 
predilection.® There is no pre- 
disposition for race or ethnic back- 
ground, although some reports cite a 
low incidence among blacks.” “The ex- 
tremes of life are not exempt from 
the disease.” People in the fourth 
decade are affected most frequently, 
with the least number of cases found 
in patients in the first and sixth dec- 
ades. In the review by Burnett et al" 
of 200 cases, only 5.5% of patients 
were less than 1 year of age at the 
time symptoms developed. Twenty 
percent of the patients were 1 to 10 
years of age, while 74% of the pa- 
tients were more than 10 years of 
age. Abdominal pain is the most com- 
mon symptom, found in 81% of the 
patients. Nausea and vomiting (45%), 
constipation (27%), and diarrhea (6%) 
are less frequent complaints in the 
clinical history“ (Table 6). Physical 
examination findings disclose a pal- 
pable mass in 58% of the cases. The 
mass is usually smooth, round, non- 
tender, and mobile, especially in a 
transverse direction.'* Moynihan’ em- 
phasized the following as the most 
characteristic signs of the cyst: (1) a 
predominance of a fluctuating tumor 
toward the umbilicus; (2) great mobil- 
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Table 7.—Procedure Used and Results Obtained" 


Totel 


Procedure Cases 
Enucleation 


Resection 


Marsupialization 
Drainage 
Aspiration 


Unknown 
Autopsy 


ity, especially in a transverse direc- 
tion, and the possibility of rotation 
around the central axis; and (3) the 
presence of a zone of resonance 
around and a belt of resonance across 
the cyst—the diagnostic signs of 
Tillaux. 

There are more unusual presenta- 
tions reported in the literature. An 
example is a case of acute abdominal 
pain with a preoperative diagnosis of 
acute appendicitis.” At laparotomy, a 
10x8x6-cm, multilocular cyst in the 
ileum was found—the pain and ten- 
derness were secondary to a ruptured 
locule, which had spilled 400 ml of 
bloed into the peritoneum. Careful in- 
quiry into the history disclosed that 
the patient had been in a fight one 
week prior to admission. Trauma was 
probably responsible for the locule 
rupture. In 1967, Hardin’? reported 
a similar case. Rupture following 
trauma, as noted, has been seen, but 
spontaneous rupture, although rare, 
eam occur.’ The signs and symptoms 
ef intestinal obstruction can compli- 
eate the initial picture.'* Rectal bleed- 
ing-secondary to hemorrhoids that de- 
veleped because of venous obstruction 
by the cyst can also result. Intestinal 
ebstruction by the cyst could conceiv- 
ably create a malabsorption syn- 
drome. By transmitting abdominal 
aortic pulsation, a mesenteric cyst 
eould be eonfused with an aneurysm." 
By compression on structures of the 
urinary system, complaints cf dysuria 
and frequency of urination kave been 
reperted, and hydronephrosis has 
been seen on intravenous pyelogram. 

Many cysts are seen incidentally on 
routine x-ray films or palpated on 
routine physical examinations. Symp- 
toms are variable and are zenerally 
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Recovery 


Result 
Unknown 


Mortality, 
Death — 





nonspecific. When present, they can 
range from minor complaints to ma- 
jor ones, suggesting acute, severe ill- 
ness. Symptoms are directly depen- 
dent on cyst position, size, location, 
mobility, and on the tension placed on 
the mesentery by the cyst. 

In addition to a thorough history 
and physical examination, the diag- 
nostic work-up should include an in- 
travenous pyelogram, barium sulfate 
enema, and an upper gastrointestinal 
series.‘ These studies help to rule out 
any communication between the cyst 
and gastrointestinal or genitourinary 
systems. However, the specific diag- 
nosis of cyst by x-ray film remains 
difficult. A pneumoperitoneum has 
been suggested as an adjunct to x-ray 
film diagnosis.* Ultimately, the de- 
finitive diagnosis is made at the time 
of laparotomy. 

Mistaken diagnoses abound in cases 
of cysts of the mesentery. In the 
series of Bearhs and associates, of 
nine cases, only one case was diag- 
nosed correctly preoperatively. Hy- 
dronephrosis, tumors of the intes- 
tines, tumors of the kidneys, 
intussusception, and volvulus should 
be ruled out. An acceptable list of dif- 
ferential diagnosis in the usual case 
of mesenteric cyst includes ovarian 
cyst, pancreatic pseudocyst, peduncu- 
lated fibroid cyst, peritoneal cyst, lip- 
oma of the mesentery, and omental 
cyst. 


Treatment 


Mesenteric cysts should be treated 
by surgical removal if the patient is 
symptomatic. If a cyst is discovered 
as an incidental finding, it should be 
treated similarly to prevent the de- 
velopment of a more serious condi- 


tion, such as rupture, hemorrhage, in- 
testinal obstruction, or obstructive 
uropathy. It would behoove the sur- 
geon to become familiar with the 
various modes of surgical treatment 
of mesenteric cysts. They are subject 
to varied mortality, and the selection 
of a particular approach can be crit- 
ical. Moreover, the surgeon will be 
able to manage the operation with 
confidence and expertise: although he 
is surprised by the finding of a here- 
tofore unconsidered cyst, he is not 
unaware of its treatment. 

Preoperative preparation wherever 
possible should include the use of an- 
tibiotics, in the event that the peri- 
toneum is contaminated by spillage 
from the cyst during surgery, and in 
anticipation of a possible bowel resec- 
tion and anastomosis as the proce- 
dure of choice. With the latter always 
as a consideration, bowel preparation 
should be undertaken. A nasogastric 
tube should be passed.* 

Treatment should rest on the tech- 
nique that is best suited to man- 
age the lesions present within the 
open abdomen. However, the surgeon 
should select from a list of operative 
techniques, which are, in order of pre- 
ference: (1) excision or enucleation; 
(2) excision of the cyst and segmental 
resection of the bowel, if intimately 
involved; (3) external marsupializa- 
tion; and (4) internal marsupializa- 
tion (Table 7). Simple aspiration of a 
cyst is to be condemned because it is 
attended by a high mortality," and it 
is associated with a high postopera- 
tive recurrence of a cyst formation.“ 
McKeown et al? mentioned anasto- 
mosis of the cyst to the bowel, but no 
reference was cited. Optimal treat- 
ment is simple enucleation of a cyst; 
lines of cleavage between the cyst 
and intestine without disruption of 
blood supplies are generally present. 
When the bowel or its vasculature 
will be compromised by excision of a 
cyst, segmental bowel resection with 
wedge resection of the mesentery in 
continuity with the cyst is best treat- 
ment. Whenever excision of the cyst 
is feasible, external marsupialization 
should not be performed because of 
the recurrence of a persistent postop- 
erative draining sinus, which can re- 
quire a second surgical procedure for 
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its closure.‘ If, however, there is no 
other alternative technique, such as 
in cases of extremely large cysts ad- 
herent to numerous intra-abdominal 
structures, it is the treatment of 
choice. Ford‘ cited a case in which the 
cyst extended from the sigmoid colon 
to the xiphoid process, and contained 
13.3 liters of fluid. With excision an 
impossibility, marsupialization was 
performed with external drainage 
augmented by constant, low-pressure 
aspiration. The patient was dis- 
charged on the llth postoperative 
day without complications. Follow-up 
revealed no recurrence. Sanchez et 
al'® noted that a spontaneous closure 
of a draining sinus usually occurred 
between one and three months. For 
patients in whom enucleation would 
endanger bowel, and bowel resection 
is not justified, as in cases involv- 
ing low-lying cysts in the sigmoid 
mesocolon, marsupialization and in- 
ternal drainage is indicated. 

As alternatives to marsupializa- 
tion, a portion of the cyst could be 
excised and the remnant cauterized 
with phenol. This is not without risk, 
particularly with infants.‘ Cysts have 
been obliterated by bringing rem- 
nants into contact with raw mesen- 
tery.* Enteric cysts must not be con- 
fused with mesenteric cysts at 
surgery. The former cannot be 
treated with simple excision because 
these duplications have a vascular 
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supply identical to that of adjacent 
bowel. Excision risks compromise to 
this supply and subsequent bowel 
infarction postoperatively. Conse- 
quently, resection of enteric cysts are 
recommended. If a low-grade sar- 
coma is present, simple enucleation is 
curative. Higher grades necessitate 
segmental resection of bowel and 
mesentery.* 

Mortality has not been compiled 
and analyzed in more recent litera- 
ture. It is suspected that improve- 
ments made during the last 25 years 
in operative techniques, in preopera- 
tive and postoperative care, and in 
anesthesia have resulted in substan- 
tial reductions in the mortality for 
each procedure, and in the total rate 
for all procedures. These figures also 
reflect the surgeons’ lack of familiar- 
ity with mesenteric cysts and their 
operative treatment. In the review of 
Vaughn and associates’ in 1948, enu- 
cleation was attended by 9% mortal- 
ity, marsupialization by 16%, and 
resection by 25% to 30%. By 1950, 
Burnett et al” quoted mortality 
based on 200 collected cases—mar- 
supialization had a 4% mortality, enu- 
cleation 7%, resection 16%, aspiration 
33%, and simple drainage 60%. Over- 
all rates have varied from 22% to 50%, 
although Gross’ reported only two 
deaths (in cases complicated by volvu- 
lus) in 12 operations for a 16.6% mor- 
tality. Obviously, there is still need 


for improvement in the operative 
treatment of mesenteric cysts. 


Lewis Patterson, MD, Miss Sue Shulty, and 
Miss Adelaide Rhodes assisted in the prepara- 
tion of this report. 
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Mastitis in the Nonlactating Breast 
During Pregnancy 


To the Editor.—In the September 
issue of the ARCHIVES (107:398-401, 
1973) Ekland and Zeigler report 12 
peripheral breast abscesses. Appar- 
ently, there was no evidence of intro- 
duction of pathogenic bacteria from 
an outside source in any of these 
eases. The authors state that anti- 
biotic therapy is not a decisive factor 
in treatment. The following history 
suggests that this may not always be 
the case. 


Report of a Case 


During the second trimester of her 
second pregnancy, a healthy, 24-year- 
old woman had a 24-hour history of 
increasing right breast soreness, malaise, 
and fever. The right breast was en- 
gorged and reddened with tenderness in 
the upper outside quadrant. Minimal puru- 
lent material was milked from the nipple. 
Culture revealed coagulase-positive Staph- 
ylococcus aureus. No fluctuation was 
detected. All signs and symptoms dis- 
appeared within 72 hours of oral adminis- 
tration of ampicillin trihydrate. Despite con- 
tinuation of the antibiotic for ten days, the 
right mastitis recurred two weeks later. 
A history of oral-nipple sexual activity 
(none since the first onset of symptoms) 
prompted culture of the husband’s naso- 
pharynx; this yielded coagulase-positive S 
aureus with the same antibiotic-sensi- 
tivity pattern as the organism from the 
breast. Both partners were successfully 
treated with ampicillin. Incision and drain- 
age were unnecessary. Glucose tolerance 
test values were normal. There were no 
further recurrences and postpartum breast 
examination revealed no masses or scar- 
ring. 


Comment 


In puerperal mastitis, by far the 
most common organism is Staphylo- 
coccus from the infant’s nasopharnyx, 
which is introduced via the nipple 
during feeding. Culture of milk ex- 
pressed from the nipple is recom- 
mended and if appropriate antibiotics 
are given before suppuration begins, 
the infection may be aborted.’ Sim- 
ilarly, for the nonlactating antepar- 
tum breast, the infecting organism 
can be introduced from an external 
source, but, because of embarrass- 


ment, the history might not be ob- 
tained except by direct questioning. 
Antibiotic therapy may be indicated 
for the “source” of the infection. 


Moreover, if started early enough, an- © 


tibiotic therapy may abort abscess 

formation, making incision and 

drainage of the breast unnecessary. 
ROBERT J. SOKOL, MD 
Cleveland 
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Abscess in the Nonlactating 
Breast 


To the Editor.—The article entitled — 


“Abscess in the Nonlactating Breast” 
by Ekland and Zeigler that appeared 


in the September issue of the AR- © 


CHIVES (107:398-401, 1973) details the 
authors’ experiences primarily with 
subareolar abscesses. The recurrence 
rate in this condition, after what ap- 
peared to them to be adequate surgi- 
cal treatment, was 39.5%. They had 
three patients who “. . . required 
simple mastectomy for control of per- 
sistent and recurring inflammation.” 
They reported a low incidence of 
nipple inversion (two patients), and 
dismissed this as a causative factor in 
the recurring or primary abscesses. 
They did not state how many of the 
patients had a communication be- 
tween the abscess cavity and the base 
of the nipple. 

Our previously reported experience 
with acute and chronic recurrent peri- 
areolar or subareolar abscess now in- 
cludes over 40 patients.) We have 
seen many gradations of inversion re- 
sponsible for the continuous “feed- 
ing” of the abscess cavity and recur- 
rence. Proper correction of this simple 
mechanical factor (inversion) has re- 
sulted in lasting cures in all patients. 
Simple mastectomy has not been re- 
quired. , 

H. TAYLOR CASWELL, MD 
W. P. MAIER, MD 
Philadelphia 
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Reply 


To the Editor._In answer to the 
letter by Drs. Caswell and Maier, I 
want to point out that this was a ret- 
rospective study of patients at 
Brooke General Hospital over a 20- 
year period, so that we cannot accu- 
rately state how many patients had 
communication between the abscess 
cavity and the base of the nipple. In 
many cases this was not recorded. 
Also, our study concerned itself with 
breast abscesses in the nonlactating 
breast, not with breast abscess due to 
inverted nipples, although from our 
material this did not appear to be an 
etiological factor. 

Simple mastectomy in the woman 
was performed early in the 20-year 
span, and only after multiple proce- 
dures had been attempted. The con- 
clusions of the article did not recom- 
mend simple mastectomy as a mode 
of therapy. 

Davip A. EKLAND, MD 
Washington, DC 


Chaucer Said It 


To the Editor.—Don’t you believe that 
the title of the editorial in the July is- 
sue of the Arcuives (107:11, 1973) 
should have been corrected? The 
grammatical form “goest” is second 
person singular and cannot possibly 
refer to the subject of the title. The 
form the writer fished for was 
“goeth.” His thinking was subcon- 
sciously conditioned by the common 
phrase “whither goest Thou,” as 
quoted from Chaucer. 


D. EMERICK SZILAGYI, MD 
Detroit 
Dr. Szilagyi refers to the editorial 
“Whither Goest the Duodenal Stump Blow- 
out?” by Dr. Griffen (107:11, 1973).—Ep. 


Reply 


To the Editor.-Grammatically, Dr. 
Szilagyi is absolutely correct that 
“goeth” is more acceptable than 
“goest.” I must admit that I was in- 
fluenced by Chaucer and the Bible 
= when I should have been more im- 
pressed grammatically and educa- 
tionally by the frequent paraphrasing 
of the advice of Sophocles, “Pride 
goeth before a fall.” 

Unconsciously, though, because 
“goest” is the second person singular 
form it does bring home the point 
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that a duodenal stump blowout is a 
personal failure of the surgeon to 
whom it happens. In these days when 
committees of men, teams of physi- 
cians, the phases of the moon, and 
other groupings are used to explain 
away poor results or untoward 
events, I believe that it behooves all 
of us who are teaching young sur- 
geons to stress the personal responsi- 
bility one has towards his patients. 


Warp O. GRIFFEN, JR., MD 
Lexington, Ky 


Congenital Pyloric Atresia 


To the Editor.—The report by Tan 
and Murugasu' of congenital pyloric 
atresia in siblings is the sixth family, 
not the first, in the literature. One’ of 
the other four reports®® was pub- 
lished in your journal. 

Contrary to the statement of Tan 
and Murugasu listing only 17 cases of 
pyloric or prepyloric atresia in the 
world literature, there are at least 51 
cases of familial and nonfamilial 
pyloric atresia‘ and the addition of 
three recent reports'’* adding eight 
more cases, makes the total 59. 

GLENN C. SZALAY, MD 
Harbor City, Calif 
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Heterotopic Ossification 


To the Editor.—In their fine article 
entitled “Heterotopic Ossification in 
Abdominal Operation Scars” in the 
July issue of the ARCHIVES (107:87-88, 
1973), Drs. Eidelman and Waron al- 
luded to the unknown cause of the 
condition. 

In two patients I have treated (one 
a woman) again with vertical midline 
sears, it was thought that trauma to 


the xiphoid during the incision with 
possible seeding of the wound ac- 
counted for the subsequent ossifi- 
cation. At reoperation, care was 
taken to avoid this, and no further os- 
sification occurred. 

For those infraumbilical, midline 
incisions one would tend to implicate 
urothelial tissue of the urachus, since 
the ossifying potential of urothelium 
is well known. 

AMES L. FILIPPONE, JR., MD 
Morristown, NJ 


Echographic Detection 
of Abdominal Aortic Aneurysms 


To the Editor.-The comments by 
Dr. Freimanis in the December issue 
of the ARCHIVES (107:916, 1973) are of 
great pertinence, since the diagnosis 
of aneurysm by noninvasive tech- 
niques is important in differentiation 
of aneurysm from other solid tumors 
and affords a safe method of reeval- 
uating the size of the aneurysm in 
patients who are considered unaccept- 
able operative risks at the time of 
diagnosis. This would include patients 
with recent myocardial infarction 
and other life-threatening medical 
diseases. Aortography will continue 
to be of some importance in selected 
patients to evaluate visceral arterial 
lesions and the extent of peripheral 
occlusive disease. 

JAMES M. STOKES, MD 
St. Louis 


Surgical Fees 


To the Editor.—I read with a good 
deal of interest your editorial, “Fees: 
A Perspective” by Robert M. Gold- 
wyn, MD, in the August issue of the 
ARCHIVES (107:127, 1973). 

I have been practicing orthopedic 
surgery for 39 years and have done 
hundreds of operations. 

I think that one thing that should 
be kept in mind when discussing sur- 
geons’ fees is the strain under which 
a surgeon works. Whenever one of my 
patients is given a general anesthetic 
for a surgical procedure, I always en- 
ter the operating room apprehensively. 

Now that we have blood banks and 
blood easily is available, the great 
strain of the big hip and spine oper- 
ations, which we used to have years 
ago, has virtually disappeared. Then 
it was a race between the surgeon 
and death as to who would win. 

The other factor to be considered is 
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malpractice. In just about every in- 
stance it is the surgeon who is sued 
and not the medical man. As you 
know the awards of malpractice cases 
have become astronomical and the 
premiums on malpractice insurance 
are very high at the present time. 
H. A. Swart, MD 
Charleston, W Va 


An Improved Method of 
Harvesting Long Saphenous 
Vein Grafts 


To the Editor.—The harvesting of 
saphenous vein grafts requires care- 
ful attention to technical detail and is 
time-consuming. The dissection, espe- 
cially in the obese person, is often 
hindered by the variable course of the 
vein and increases the risks of injury 
to the vein and of postoperative ne- 
erosis of the skin flaps that may fol- 
low the undermining necessary to 
search for the vein. 

An atraumatic, disposable vein 
stripper has proved to be a useful 
guide in locating the eourse of the 
vessel and differentiating the main 
vein from its branches (Figure). The 


Disposable vein stripper serving as a 
guide in placement of incisions and in dif- 
ferentiating main vein from its branches. 
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guide can usually be passed up the en- 
tire length of the greater saphenous 
vein through a small incision at the 
ankle. The guide is easily palpable un- 
der the skin and serves as a useful 
landmark in locating the incisions 
and in deciding which branches to fol- 
low. One team can begin at the groin 
and work distally and another can be- 
gin at the calf and work proximally. 
The branches are more easily identi- 
fied and properly ligated with the 
guide in place. At the completion of 
the dissection, the guide is passed out 
the proximal end of the vein and the 
ankle incision is closed. 

FRED R. PLECHA, MD 

WALTER J. PORIES, MD 

Cleveland 


Perforated Solitary Diverticulitis 
of the Transverse Colon 


To the Editor.—We would like to 
mention a rare case of perforated 
solitary diverticulitis of the trans- 
verse colon mimicking acute appendi- 
citis. 


Report of a Case 


A 43-year-old woman was admitted to 
the Kaiser Foundation Hospital, Los An- 
geles, with a history of 48 hours’ peri- 
umbilical pain that later migrated to the 
right lower quadrant. A complete work-up 
preoperatively suggested the diagnosis of 
acute appendicitis. At surgery, the appen- 
dix was perfectly normal. All the other vis- 
cera were normal except the transverse co- 
lon, which was lying low, at a level below 
the umbilicus. In the middle third of the 
transverse colon was a phlegmonous mass 
involving the colon wall and pericolic fat 
with an adjacent small abscess along the 
mesenteric border. The rest of the trans- 
verse colon was normal. 


a 


We elected to resect the middle third of 
the transverse colon, including the abscess 
near the mesentery, bringing out the prox- 
imal end as an end colostomy and the dis- 
tal end as a mucus fistula. The specimen 
showed a solitary diverticulum that could 
easily be probed into the abscess cavity. 
There was no evidence of ulceration. Path- 
ologic, microscopical examination con- 
firmed the diagnosis of a solitary diver- 
ticulum with perforation and abscess 
formation. 


Comment 


A review of the literature’* showed 
that solitary diverticulum of the 
transverse colon is rare, and perfo- 
rated solitary diverticulum is even 
more so. No surgeon in his lifetime 
has much clinical experience in deal- 
ing with this lesion. Almost never is 
the correct diagnosis made preopera- 
tively. At surgery, great difficulty is 
sometimes encountered in recogniz- 
ing the abnormalities caused by the 
lesion and malignancy is usually sus- 
pected, leading to major colon resec- 
tion that may not be warranted. It is 
hoped that the clinician will be 
alerted to this clinical entity during 
emergency laparotomy. 

JOHN B. Wonc, MD 
JULIAN S. NEISTADT, MD 
JOHN H. WINKLEY, MD 
Los Angeles 
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In preparation is a unique and fasci- 
nating 3-day scientific program, pre- 
sented by leading Australian profes- 
sors and clinicians, focusing on many 
of their latest research and clinical 
experiences in medicine, including 
skin cancer and melanoma, the pre- 
vention and management of occlusive 
vascular disease, and advances in 
immunology and genetics. In addition, 
there will be presentations on the 
following: 


e Australia’s Royal Flying Doctor 
Service for medical communica- 
tions and health care delivery to 
the Outback and remote areas. * 


e Australian blood transfusion ser- 
vices 


èe Multiphasic health screening ser- 
vices 


èe Aboriginal medical services 


Please return to: 

Australia Scientific Conference 
American Medical Association 
535 North Dearborn St. 
Chicago, Illinois 60610 
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e New Guinea and tribal medicine 


*There is an exciting opportunity for 
a limited number of physicians to 
actually work and fly with the Royal 
Flying Doctors for 2 to 5 days. Sign 
up now on the attached registration 
form. 


The 11-day tour portion of the Con- 
ference is just as exciting. Along with 
comprehensive tours of Australia’s 
major cities -- Melbourne, Can- 
berra, and Sydney -- you'll visit the 
bushland; the Kuringai Sanctuary for 
wildlife (have you ever seen a bird 
that can’t fly...or one that builds 
grass shacks and plants lawns?). 
Also, on the agenda, a visit to a sheep 
ranch for a shearing exhibition; a 
special “surf carnival” featuring 
competition by renowned volunteer 
Sea-Rescue teams; a luxury cruise 
along the Hawksbury River; and 


ADVANCE REGISTRATION 


Please register me for the AMA’s 2nd International Health Conference. 


Enclosed is my registration fee: 
O $75 AMA members 





\ 


N DET 


O $35 dependents and non-physician guests 


city/state/zip ———— ——— = an a a 
0 Ido not wish to register now, but | would like to receive the 34-page booklet. 


Check must accompany registration. Please make payable to the American Medical 
Association. Registration limited to AMA members and their families or guests. 


O Please send me full details on the Royal Flying Doctor Service. 


AMA’s 2nd INTERNATIONAL 
HEALTH CONFERENCE 
MARCH 22-APRIL 7, 1974 


(Earlier overlapping group: March 17 - April 2) 
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Co-sponsored by American Medical Association and 
Australian Medical Association, with cooperation by New 
South Wales Branch of the Australian Medical Association, 
the Australian Post-Graduate Federation and Post-Graduate 
Committees of the University of New South Wales and the 
University of Sydney Medical Schools, and the Royal 
Australian College of General Practitioners. 


boomerang throwing lessons (by the 
end of the tour, you'll have it landing 
at your feet!) 

The Conference-tour package is 
available for as little as $1039. Price 
includes round-trip flight (West Coast 
U.S.-Australia), intercity travel in 
Australia, guided sightseeing tours, 
hotel accommodations in Australia, 
airport-hotel transfers, baggage hand- 
ling and most meals and gratuities (all 
breakfasts, luncheons when on tours, 
and evening meals at receptions and 
banquets). 

Also available at additional cost: 


optional post-convention tours to 
Tasmania, Fiji-Honolulu, Australian 
Outback-Great Barrier Reef; New 


Zealand-Tahiti, and Bali-Hong Kong. 

Find out all the details. Just com- 
plete the coupon below and we'll send 
you a 34 page booklet about this ex- 
citing Conference-Tour. 
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Biliary Tract Surgery and Cholangiog- 
raphy. By Vernon L Stevenson, MD. Price, 
$11.50. Fp 186. Charles C Thomas Publisher, 301- 
327 E Lawrence Ave, Springfield, Ill, 1973. 


This is a modest volume of con- 
venient size to hold and read casually. 
The type is large and the text re- 
quires little effort. The author de- 
scribes this work as “my own personal 
experience over many years as a 
teacher and a surgeon,” and that is 
what i is. He wants to encourage op- 
erative cholangiography, and begins 
with a chapter expounding its merits. 
He favors passing a very fine needle 
directly into the common duct to in- 
troduce dye. There is a list of other 
methods and the various opaque me- 


dia he has used. However, recent pa- 


pers describing techniques for avoid- 
ing air bubbles, overlying shadows, 
and the importance of dilute media 
are virtually ignored. Editing has not 
been precise and leaves many fuzzy 
statements. One page 9 there ap- 
pears, “We have previously stated our 
own studies reduced the number of 
second operations from 18.5 percent 
to a lew of 3.5 percent in 1969,” but 
there is no explanation of how these 
interesting figures were derived. 

There is a second chapter entitled 
“Summary of Cases” that provides 
some statistics on gallbladder surgery 
at the Latter-Day Saints Hospital in 
Salt Lake City. The mortality is rea- 
sonably low at 1.73%. There were only 
eight normal gallbladders removed 
among 2,311 cases, a very large expe- 
mience. However, about 12% of gall- 
bladders were removed without stones. 
Dr. Stevenson seems to be winning 
his battle lecally, since only 55.6% of 
cholecystectomies were accompanied 
by cholangiegrams in 1961, but this 
rose to 76% in 1968. After these 
simple statistics were gotten out of 
the way, the remainder of the volume 
does net burden the busy reader with 
further objective data. 

There are chapters on gallbladder 
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pathology, double gallbladders, diag- 
nosis, common duct strictures, in- 
juries, stenosis of the sphincter, cho- 
ledochal cyst, jaundice, annular 
pancreas, and periampullary carci- 
noma. Mostly these consist of a dis- 
sertation and detailed case reports. 

There are a number of large and 
clear reproductions of cholangio- 
grams. There are also a number of 
nicely rendered drawings labeled 
“Artist’s Conception” that are excep- 
tionally tidy and diagrammatic. The 
reader might believe this artist has 
not delayed overly long in the oper- 
ating room. : 

The serious student looking for rea- 
sons and documentation will not find 
much here. The references are scanty 
and sometimes erroneous. Most date 
from the 1950s with a single citation 
as late as 1970. However, the case re- 
ports are interesting and adequately 
presented. The experienced surgeon 
may enjoy perusing this small volume 
and comparing his own experience 
with that of a busy and seasoned 
practitioner. 

Dan W. ELLIOTT, MD 
Pittsburgh 


Les Lesions Traumatiques Des Nerfs 
Peripheriques. Edited by Jacques Michon and 
Erik Moberg. Price, unknown. Pp 147, with 36 il- 
lustrations. Expansion Scientifique Francaise, 
15, Rue Saint-Benoit, 75 Paris 6, 1973. 


This monograph on the traumatic 
lesions of the nerves is published by 
the Groupe d’Etudes de la Main and 
deals specifically with nerve injuries 
and nerve repairs. The book is divided 
into three parts. 

The first part deals with the micro- 
anatomy of the nerves and the exami- 
nation of sensory areas of the hand in 
the evaluation of nerve function. Em- 
phasis is placed on the importance of 
the nerve sheaths. The electromyog- 
raphy of the hand and its contribu- 
tion to diagnosis is explained. An in- 





teresting article by Karabarbounis 
deals with neurography that consists 
of injecting the nerve sheaths with 
opaque material’ for visualization. 
Further demonstration of the tech- 
nique is shown by Razemon and asso- 
ciates. They demonstrate the exact lo- 
cation of nerve injuries in a very 
convincing manner. 

The second part contains a discus- 
sion of the original article by Fro- 
ment on his sign as well as an excel- 
lent evaluation of the nerve damages 
in the hand performed in 750 patients 
by Omer. In addition, rehabilitative 
techniques in the postoperative pe- 
riod are presented and discussed by 
Fallet who utilizes nerve stimulation 
although he is unconvinced of its real 
usefulness. 

The third part, which is the most 
crucial one, deals essentially with the 
new techniques of nerve repairs. In 
particular, the article by Millesi her- 
alds the new approach in fascicular 
repair and the important notion of 
tension on the nerve ends. It is known 
by now that the fascicular repair has 
become the most important contribu- 
tion in surgery of nerve reconstruc- 
tion. The importance of free graft has 
been reemphasized in view of the fact 
that the least amount of tension on 
the nerve ends has to be avoided at 
any cost. These nerve autografts are 
applied with the most refined tech- 
niques to date. 

The material of this monograph is 
well known to the experienced hand 
surgeon, but it is a good guide for a 
student interested in the new trends 
in nerve surgery. Although it is not of 
extensive scope, it is recommended 
for the general surgeons, orthopedic 
surgeons, plastic surgeons, and neuro- 
surgeons dealing with this type of 
work as a good up-to-date summary 
of the scientific knowledge in this dif- 
ficult problem of nerve repair. 

ADRIEN E. AIACHE, MD 
Beverly Hills, CA 90210 
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Encyclopedia of Medical Radiology: 
Moenen Diagnosis of the Pancreas 
and Spleen. Edited by F Strnad. Price, $90.20. 
Pp 366. Springer-Verlag, Heidelberger Platz 3, 1 
Berlin 33, Germany, 1973. 


This is another of the large series 
of volumes that Springer-Verlag are 
printing under the general heading 
of “Encyclopedia of Medical Radiol- 
ogy.” In common with the other books 
in this series, this volume devoted to 
the radiology of the pancreas and 
spleen is beautifully produced and 
is extremely comprehensive. Every 
facet of the roentgenological method 
of diagnosing pancreatic and splenic 
abnormalities is explained in depth, 
although as the editor states in his 
foreword, methods utilizing radio- 
isotopes are not included. In view of 
the comprehensiveness of the remain- 
der of this volume, this omission is to 
be regretted. 

Both organs are approached in a 
similar manner, beginning with a dis- 
cussion of the radiological approach 
to the elucidation of disease involving 
either the pancreas or the spleen. This 
encompasses a discussion of plain 
film diagnosis, use of contrast agents, 
air insufflation, and an excellent re- 
view of the arteriography and venog- 
raphy. 

In the case of the pancreas, there 
are also good reviews of hypotonic 
duodenography (with an explanation 
of the technique); a lengthy discus- 
sion of cholecystography with excel- 
lent illustrations; and well-written 
chapters on splenoportography, infe- 
rior venocavography, and pancreatog- 
raphy. The standard of illustrations 
in this section of the book is ex- 
tremely high and, for a change, the 
“negative” illustrations prove prefer- 
able to the positive radiographs that 
are more frequently used. In the case 
of the spleen, in addition to the meth- 
ods described above, splenoportog- 
raphy, hepatolienography, and phar- 
macological studies are also discussed. 

Following this introduction, the ra- 
diology of the pathological processes 
involving each organ is dealt with at 
length—beginning with congenital 
and inflammatory lesions and fol- 
_ lowed by a discussion of cysts and tu- 
mors. There is a good chapter on 


 mucoviscidosis, as well as an excellent 


discussion on _ pancreatolithiasis, 
which is followed by a chapter on 
pseudocysts of the pancreas, beau- 
tifully illustrated, demonstrating the 
diagnosis of this elusive lesion (using 
hypotonic studies and angiography). 
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It would have been helpful to have 
had some mention of the use of ul- 
trasound in this context. Carcinoma 
of the pancreas is covered fully, once 
again with good illustrations, and 
comment is also made on the diag- 
nosis of insulinoma, sarcoma, and car- 
cinoma of the ampulla of Vater. 

With regard to the radiology of 
splenic pathology, this part of the 
book is very comprehensive and there 
is an excellent discussion on the diag- 
nosis and cause of splenomegaly as 
well as a comprehensive review of all 
the abnormalities of splenic vascula- 
ture—both common and uncommon. 
Blood dyscrasias are dealt with 
briefly and this is followed by a dis- 
cussion of infections with subsequent 
chapters on benign and malignant tu- 
mors. In this section, the x-ray films 
are frequently accompanied by patho- 
logical specimens that allow for a 
fuller understanding of the lesion. Fi- 
nally, there are 33 pages of refer- 
ences, an author index, and compre- 
hensive German-English as well as 
English-German indexes. 

To summarize, this is an excellently 
illustrated, fully comprehensive vol- 
ume on the radiology of the pancreas 
and spleen. I would recommend it 
heartily to all German-speaking radi- 
ologists interested in this area—and 
suggest that those whose German is 
not very good could also buy the book 
for the sake of the beautiful illustra- 
tions. HARRY J. GRIFFITHS, MD 

Boston 


Neurological Surgery, vol 1 to 3. Edited by 
Julian R Youmans, MD. Price, $114 (for entire 
set consisting of three volumes). Pp 2,024 in en- 
tire set. WB Saunders Co, West Washington 
Square, Philadelphia 19105, 1973. 


Doctor Youmans has attempted to 
fill a major void in the neurological 
surgery literature by editing this 
work of monumental proportions in 
three volumes to serve as a compre- 
hensive reference guide for the neu- 
rological surgeon, trainee, or allied 
specialist working with neurosurgical 
patients. 

To accomplish this, the work is 
written in 112 chapters by over 120 
contributors, whose opinions are 
among the most authoritative in the 
United States and Canada in their re- 
spective areas of special interest. The 
chapters are grouped in 14 general 
sections in the following order: I. 
History and Examination, II. Diag- 
nostic Procedures, III. Special Tests 
and Evaluations, IV. Physiology and 


Homeostasis, V. Anesthesia and Op- 
erative Technique, VI. Develop- 
mental and Acquired Anomalies, VII. 
Vascular Disease, VIII. Trauma, IX. 
Benign Extradural Spine Lesions, X. 
Tumors, XI. Infections, XII. Pain, 
XIII. Ablative and Neurophysiologi- 
cal Procedures, and XIV. General 
Care and Rehabilitation. 

The book is obviously comprehen- 
sive and contains, in addition, a mas- 
sive bibliography, beautifully in- 
dexed, that will serve as a valuable 
reference tool in the field. 

The work has a number of other 
unique features. For instance, in a 
rapidly expanding, relatively young 
field such as neurological surgery, 
there are invariably a number of di- 
vergent opinions in some areas. Doc- 
tor Youmans has made a concerted 
effort to identify these divergent 
opinions and see that all sides are 
well represented. There is no place in 
the neurosurgical literature, that I 
am aware of, where this has been ac- 
complished in such an effective fash- 
ion. In addition, the work is suffi- 
ciently inclusive to include broad 
categories of information that have 
not been present in the previous neu- 
rological surgery texts. Typical exam- 
ples are chapters on cerebral blood 
flow, affective disorders, the physi- 
ological and psychiatric aspects of 
pain, the psychological evaluation of 
the neurosurgical patient, neuro- 
otology, and an extensive discussion 
of the principles of stereotaxic sur- 
gery. 

Editorial control notwithstanding, 
with over 120 contributors there is 
bound to be a wide range of perform- 
ance, varying from elegant to mun- 
dane, comprehensive to sketchy, and 
even well-edited to replete with er- 
rors. In fact, one of the great dis- 
appointments in such a work that 
should stand as a landmark of pub- 
lishing excellence is the number of 
typographical errors and mislabeled 
illustrations. This is particularly evi- 
dent in volume 1. 

Included in this wide range of per- 
formance are some chapters that are 
so beautifully done that they will 
very likely stand as classical compre- 
hensive references on the subject and 
merit the attention of every worker 
in the field of neurological surgery. A 
few examples of the above are the 
following: 

1. Plum F, Brennan RW: Differ- 
ential diagnosis of altered conscious- 
ness. 
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2. MeCrary JA IIL Smith JL: 


Neuro-ophthalmologica! evaluation of — 


the neurosurgical patient. 

3. Youmans JR, Albrand OW: Ce- 
rebral blood flow in clinical problems. 

4. Leng DM, Kieffer SA, Chou SN: 
‘Tumorous lesions of the skull. 

5. Wilson CB, Saglam S: Patho- 
physiology of and indications for 
hypophysectomy. 

The work tends to emphasize cause, 
pathogenesis, diagnosis, and the 
broader aspects of treatment. In most 
chapters, little emphasis is placed on 
detailed descriptions of operative 
technique or anatomy. The neurolog- 
ical surgeon will have to utilize other 
standard texts to fill this void. How- 
ever, there are rather marked excep- 


tions te this rule that one would ques- 


tion the appropriateness of, such as 
the laboriously detailed description of 
a wide variety of catheter techniques 
in cerebral angiography, while large- 
ly omicting any discussion of the 
venous roentgenographic anatomy of 
the posterior fossa that represents 
one of the important advances in 
neuroradiological diagnosis in the last 
five years. Such emphasis and omis- 
sions are a matter of personal taste 
and as Dr. Youman states so beau- 
tifully in his preface, “Like the shake 
dewn cruise of a ship the first edition 
of a text such as Neurological Sur- 
gery wil have omissions and errors 
that will be revealed when the book is 
put to tae scrutiny of those interested 
im our queen specialty.” 

In the final analysis, a work such as 
this survives because of its strengths 
net its weaknesses. The fact that it 
represeats the only comprehensive 
referenee guide in the field of neuro- 
surgery makes its availability highly 
desirable wherever neurosurgical pa- 
tients are cared for. 

ANTHONY E. GALLO, JR., MD 
Portland, Ore 


Neurosurgical Syndromes of the Brain. 
By Charles W. Needham, MD. Price, $27.50. Pp 
440. Charies C Thomas Publisher, 301-327 E 
Lawrence Ave, Springfield, IL 62703, 1973. 


This book, written in outline form, 
iS a succinct summary of the anat- 
omy, physiological nature, roentgen- 
ographie characteristics, and clinical 
presentation of those syndromes of 
the bram that may be amenable to 
neurosurgical therapy. No attempt is 
made to-discuss therapy or prognosis; 
likewise neuropathological aspects 
are not presented in any detail. 


Arech Surz/Vol 108, Feb 1974 


The introductory chapter gives an 
interesting general classification of 
neurological signs and emphasizes the 
importance of precise localization and 
early diagnosis in the “successful sur- 
gical treatment of neurological dis- 
ease.” The chapter also details the 
roentgenographic landmarks for a 
new division of the brain into eight 
sectors, and this is said to be a “guide 
to cerebral correlation.” 

The next four chapters (77 pages) 
deal with syndromes of the fron- 
tal lobes (frontobasal, frontopolar, 
frontodorsal, and frontolateral, re- 
spectively). A mass of material has 
been assembled and stated concisely 
in these early chapters, and this defi- 
nitely is the strongest part of the 
work. Parietal syndromes are com- 
pressed into 17 pages, but a 42-page 
chapter covers caudal syndromes that 
include syndromes of the posteri- 
or parieto-temporo-occipital region. 
Chapter 8, dealing with temporal lobe 
syndromes, is preceded by a concise, 
outlined survey of the anatomy of the 
temporal lobe and adjacent dura, cra- 
nial nerves, and cerebral vessels. The 
chapter on central cerebral syn- 
dromes covers syndromes of the basal 
ganglia, thalamus, and internal cap- 
sule, and this is followed by a chapter 
on perichiasmatic syndromes. Chap- 
ter 11 gives systematic coverage to 
the multitude of syndromes of the 
posterior fossa. The closing chapter 
deals with intracranial hypertension 
and covers the standard material on 
that subject as well as material on 
intracranial hemorrhage, cerebral 
edema, and hydrocephalus. 

Little emphasis is placed on the 
relative importance and frequency of 
occurrence of symptoms and signs. 
Some clinical points would not meet 
general approval. The very important 
method of evaluating a child’s head 
growth by plotting the values on a 
standard growth curve is omitted, 
and, in its place, a method is men- 
tioned in which a physician should be 
alarmed only if head circumference 
exceeds l-cm growth per week within 
the first ten weeks of life. There is 
no mention of observing head growth 
beyond this age. Also, since many pa- 
tients in a neurosurgical service have 
cerebrospinal fluid shunting devices, I 
believe malfunction of such a device 
should warrant comment in the sec- 
tion on acute hydrocephalus. This 
book is basically a listing of the clini- 
cally important (and less important) 
facts related to each part of the brain. 





There is minimal discussion, and a 
reader gets only the most superficial 
knowledge from the material covered. 


It is difficult to see how this compila- 


tion of facts can be useful to the phy- 
sician who is unfamiliar with neuro- 
surgical diagnosis because the text 
gives only the minimal indication for 
the relative importance of the com- 
piled, condensed facts. The physician 
with considerable expertise in neuro- 
surgical diagnosis will probably find 
there are no new ideas presented in 
the book with the exception of the 
neuroradiological-anatomical frame 
of reference discussed in the intro- 
duction. Some diagrams, such as those 
on pages 296 and 297, are detailed to 
the point of being confusing. The 
photographs of pathological speci- 
mens and roentgenograms are well- 
reproduced but usually demonstrate 
only extreme examples. The series of 
heavily retouched and labeled coronal 
brain sections in the introduction 
does not seem particularly useful in 
this text. The 14-page bibliography is 
not referenced to the text (with few 
exceptions). A very detailed bibli- 
ography with references cited in the 
text would certainly offset some of 
the criticism of such condensed mate- 
rial and would broaden its use consid- 
erably. The index is quite adequate. 
In summary, this single volume 
condenses in outline form a mam- 
moth clinical literature for neurosur- 
gery, neurology, and neuroradiology. 
The book cover states that this text is 
written for those who care for the 
neurologically ill, but I believe it 
would be of only moderate interest 
and value to those physicians who are 

in the earlier years of their training. 
KEN R. Winston, MD 

Boston 


Ovarian Tumors (Major Problems in 
Obstetrics and Gynecology), ed 1. By Nik- 
olas A Janovski, MD, TL Paramanandhan, MD. 
Price, $19.50. Pp 245, with 198 illustrations. WB 
Saunders Co, West Washington Square, Phila- 
delphia 19105, 1973. 


This volume of approximately 200 
pages is a summarization of tumors 
and tumor-like conditions of the uter- 
ine adnexa. An attempt has been 
made by the authors to classify and 


describe briefly all such masses from 
the more common to the single case 


reports in the literature. Such an en- 
cyclopedic work, by necessity, cannot 
concentrate on any particular growth 
and is indeed limited to selected illus- 
trations and short descriptions of 
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each of the tabulated masses. There is 
minimal consideration of treatment, 
aside from rather generalized recom- 
mendations early in the book. The 
treatment advice, even with its later 
modifications, could be considered 
controversial by its stressing the use 
of external abdominal and pelvic irra- 
diation and protracted chemotherapy. 
Fortunately, a table more clearly out- 
lines the authors’ recommended 
treatment based on the stage of the 
malignancy at surgery. 

The reviewer applauds the advice 
that all genital malignancies be 
staged, as proposed by the Inter- 
national Federation of Gynecology 
and Obstetrics and applauds, too, the 
importance of early pathologic defini- 
tion of the lesions. 

Except as a compendium briefly de- 
scribing adnexal masses, the volume 
will prove of limited usefulness to the 
gynecologic pathologist and the gyne- 
cologic surgeon. Both areas seem to 
lack detailed information. For the oc- 
casional pelvic surgeon or for the per- 
son who wishes a capsulized review of 
adnexal masses, the book should find 
considerable acceptance, since it is 
easily readable and presents a work- 
able bibliography condensed from vo- 
luminous literature. 

The reviewer agrees with the fore- 
word that it can be considered a 
source book. 

JOHNS. WELCH, MD 
Rochester, Minn 


pong hs on Plastic Surgery: The 
Use of Skin Grafts, vol 1. By RC Bell, MB, 
FRCS. Price, $17.50. Pp 157. Oxford University 
Press, 200 Madison Ave, New York 10016, 1973. 


The author has intended his book 
“for general and orthopaedic sur- 
: geons overseas who from time to time 
are called upon to perform plastic sur- 
gery operations.” With that read- 
ership in mind, he has described tech- 
niques that “... are not the latest or 
the most sophisticated, but all have 
been found to be effective and re- 
liable.” 

The book begins with a one-page 
history of grafting followed by an ex- 
cellent discussion of the various types 
of skin autografts, their advantages 
and disadvantages. This reviewer ap- 
preciated the advice against pinch 
grafts because “the method is slow, 
tedious, and the final result unsightly 
... as is the donor area. Not men- 
tioned is the fact that a pinch graft is 
usually a full-thickness one, if taken 
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by a scalpel from skin raised by a 
needle. Mr. Bell’s remarks about the 
methods and sites of procuring and 
immobilizing skin grafts are sound 
and clearly presented. Somewhere a 
strong plea should have been made 
for taking skin from inconspicuous 
spots, such as the buttocks, and not 
reflexedly using the anterior thigh, 
particularly in a woman where the 
sear will be easily visible. 

Care of the donor site is dealt with 
too peremptorily, but this is a minor 
criticism. The major fault of this vol- 
ume is that in the attempt to illus- 
trate the uses and abuses of skin 
grafts, the author has presented a be- 
wildering panoply of patients. That a 
skin graft can be used with success in 
such situations as covering burns, re- 
moving tattoos, releasing contrac- 
tures of extremities and eye sockets, 
correcting cleft lip deformities, lipo- 
dystrophy, lymphedema, hypospadias, 
and filling in after tumor resection is 
evidence indeed for the versatility of 
skin. Yet, in certain circumstances, 
such as after the removal of a facial 
cancer, a better approach might be an 
immediate flap; for this, we shall have 
to wait for the promised supplemen- 
tary second monograph. 

Another unfortunate feature of the 
book is that it strays from its focus on 
skin grafts. For example, in describ- 
ing grafting after removing a ma- 
lignant melanoma, the author also 
discusses lymph node resection, al- 
ternative and ancillary modes of 
treatment, amelanotic melanoma, 
differential diagnosis, five-year sur- 
vival, and finally gives the formula of 
a medicine to ease the terminal 
phase. 

Paradoxically, this book, though 
written for the novice, may confuse 
him. It takes experience to cull wis- 
dom from a book whose spectrum is so 
wide and whose focus is so hazy. 

Rosert M. GOLDWYN, MD 
Brookline, Mass 02146 


Gastroenterology. Edited by Abraham Bo- 
goch, MD. $57.50. Pp 1,858. McGraw-Hill Book Co 
Inc, 1221 Ave of the Americas, New York 10020, 
1973. 


-~ More than 900 of this book’s 1,323 
pages are devoted to a section en- 
titled “Description of Diseases.” This 
section forms the backbone of the 
textbook. It contains long chapters on 
diseases of the luminal compartments 
of the gastrointestinal tract, starting 
with lips and mouth, as well as chap- 


ters on diseases of the liver, the gall- 
bladder, pancreas, and peritoneum. 
Each chapter is complete and sup- 
ported by a very up-to-date bibli- 
ography. The chapters are especially 
complete in discussions on diagnostic 
tests and choices of surgical therapy. 
In some chapters, discussion of medi- 
cal treatment of diseases is somewhat 
brief. For example, regional enteritis 
consumed only five pages of text, and 
medical aspects of treatment were 
not dealt with in sufficient detail. Ad- 
ditional information on ulcerative co- 
litis and granulomatous colitis would 
also have been desirable. 

The remaining four sections were, 
in general, less significant. A section 
entitled “General Topics” could for 
the most part have been incorporated 
into the section on “Description of 
Diseases” and dealt with in much less 
detail. The section on “Physiolog- 
ic and Psychologic Consideration” 
tended to be somewhat wordy. The 
section on “Clinical Manifestations of 
Gastrointestinal Disease” was very 
well written. It contained a consid- 
erable amount of important and per- 
ceptive information regarding symp- 
toms referable to gastrointestinal 
disease. It was especially useful in 
describing symptoms that are func- 
tional in origin. Finally, a section 
devoted to the relationship of the gas- 
trointestinal tract to other body sys- 
tems contained much useful informa- 
tion but was extremely lengthy and 
contained material that was not es- 
sential for a textbook of gastroenter- 
ology. 

The main strength of this textbook 
relates to the excellence in descrip- 
tion of diseases supported by an ex- 
tensive bibliography. Its weaknesses 
included its wordiness, some lapses in 
discussions of medical treatment of 
individual diseases, and insufficient 
information pertaining to inflamma- 
tory bowel disease. In addition, the 
print was somewhat small. The re- 
productions of roentgenograms and 
pathologic material were also small. 

This textbook is recommended as 
an excellent source of information 
pertaining to diseases of the gas- 
trointestinal tract, available diagnos- 
tic tests, and therapy (particularly 
surgical therapy). Its style is less well 
suited for an individual who requires 
a succinct readable exposition of 
diagnosis and medical treatment of 
gastrointestinal diseases. 

PETER A. BANKS, MD 
Boston 
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Transplantation Today. Edited by F T 
Rapaport, H Balmer, S L Kountz. Price, $32.75. 
Pp 1016. Grune & Stratton Ine, 111 Fifth Ave, 
New York 10003, 1973. 


If enclosure within hard covers de- 
fines a book, then Transplantation 
Today, volume 2, is a book. In reality, 
its content is precisely the same as 
Transplantation Proceedings, volume 
5, No. 1, ie, the complete proceedings 
əf the Fourth International Congress 
əf the Transplantation Society, held 
in September of 1972 in San Fran- 
eisco. This volume thus contains over 
180 separate papers and four work- 
shops, and to review it is akin to writ- 
ing a critique of the telephone book. 
What Transplantation Today, volume 
2,is not is a book for students or even 
general surgeons without specific 
transplantation interests. What it is 
is an accurate reflection of the state 
ef the art of transplantation and its 
allied immunologic fields, in all its 
strengths and weaknesses, in the fall 
ef 1972. 

For the serious student and re- 
searcher involved in transplantation, 
major historie trends are discussed 
and reported in these papers. The 
philosophically critical question of 
whether tolerance represents a cen- 
tral failure er inactivity of the im- 
mune response, supported by Meda- 
war, or is rather a reactivity masked 
by blocking factors, a challenge to the 
classic concept introduced by the 
Hellstroms, was sharpened, if unan- 
swered, at this meeting, each side re- 
porting experimental evidence in its 
favor. New subtleties im mapping the 
HL-A complex were discussed by 
Bach and others to explain the in- 
creasingly clear inability of sero- 
logically defined tests to predict 
uniformly the outcome of renal allo- 
grafts and the occasional contrary re- 
sults of serologic testing and mixed 
lymphocyte cultures. The burgeoning 
importance of tumor immunology is 
emphasized by the increasing number 
and quality of papers on the subject. 
Also at this meeting, for the first 
time, several papers were read on a 
new technique of profound clinical 
potential: experimental islet cell 
transplantation as a treatment for di- 
abetes mellitus. 

On a clinieal level, eight- to ten- 
year follow-up studies of successful 
renal transplants were presented by 
Starzl’s-group and the success of renal 
transplantation for diabetic glomeru- 
losclerosis was discussed by Najarian. 
Guttmann’s paper on the pretreat- 
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ment of cadaver kidney donors with 
immunosuppressive drugs offered an 
encouraging and practical new ap- 
proach to amelioration of the rejec- 
tion reaction. Clinical advances in 
cardiac transplantation demon- 
strated by Shumway indicated that 
this application of transplantation 
might be achieving solid, if restricted, 
therapeutic significance. The surpris- 
ing finding of Terasaki’s group that 
certain patients receiving multiple 
blood transfusions during dialysis ac- 
tually had improved renal transplant 
survival introduced the concept of the 
“nonresponder” and, with it, the po- 
tential ability to recognize favorable 
transplant candidates. This impor- 
tant concept will surely be a source of 
experimental investigation in the 
years to come. Penn presented the 
worldwide figures on the hazard of 
malignancy in the transplant recipi- 
ent (5% to 6% in the first few years). 
This book is technical, statistical, 

and in its breadth demonstrates both 
the astronomical expansion of the 
field and its inevitable but unfortu- 
nate tendency to fragment into mul- 
tiple special interest groups with ar- 
cane vocabularies often resistant to 
significant cross-fertilization. 

CLARENCE E. ZIMMERMAN, MD 

330 Brookline Ave 

Boston 


Encyclopedia of Medical Radiology: Dis- 
eases of the Skeletal System, vol 5. 
Edited by L Diethelm. Price, $133.20. Pp 649. 
Springer-Verlag, Heidelberger Platz 3, West 
Berlin, 1973. 


In common with other volumes in 
this series, both these books are writ- 
ten by several authors and are super- 
latively produced. In spite of their 
being written in German, they are 
easy to read—even for the non-Ger- 
man-speaking reader, and an En- 
glish-German vocabulary and index is 
provided to assist with this. The ref- 
erences are comprehensive, and, al- 
though the German literature is pre- 
dominantly cited, there are many 
references to works in English. In 
spite of their overall excellence, a 
number of criticisms can be made. 

The volume on tumors initially con- 
siders primary chorionepithelioma, 
sarcomata of lung, bronchiolar carci- 
noma, and bronchial adenomata un- 
der the heading of malignant or semi- 
malignant tumors. This is followed by 
an excellent review of benign pri- 
mary tumors in which the admixture 


of drawings, roentgenographs, and 
specimens is to be commended. Then, 
there is a chapter on the large group 
of pseudotumorous conditions includ- 
ing fungal disorders, lipoid pneu- 
monias, infarcts, and amyloidosis, 
which could be considered definitive 
with multiple references and excel- 
lent illustrations. Unfortunately, it is 
followed by a chapter on secondary 
tumors that is 100 pages long and is 
given without subheadings or divi- 
sions, making reading difficult. Also, 
although it is undoubtedly meant to 
be a comprehensive survey, there are 
so many references in the actual text 
as to make the whole chapter dis- 
jointed. The final 90 pages of text are 
devoted to pleural tumors and con- 
tain, among other things, an ex- 
cellent review of mesotheliomas ac- 
companied by useful drawings, 
descriptions, and good roentgen- 
ographs. The remaining 230 pages of 
this remarkable book are the refer- 
ences, each grouped under the rele- 
vant subheadings in the text. 

The other volume is devoted to four 
somewhat unrelated subjects, but has 
the advantage of the references 
being grouped together after each 
chapter. The osteolytic syndrome is 
considered first, taking into account 
the various etiological factors in- 
volved, and is well illustrated even 
though the majority of the roentgen- 
ographs are seen in positive form. 
The following 200 pages are devoted 
to infections of bone, and this is an 
excellent summary of osteomyelitis of 
the peripheral skeleton, but the spine 
is hardly mentioned, presumably be- 
cause there is a separate volume in 
the series dealing exclusively with 
the roentgenographic diagnosis of 
the vertebral column. Anyone who 
teaches medical students or residents 
will find this omission somewhat dis- 
concerting. Apart from that criticism, 
this is a useful chapter with some per- 
tinent thoughts on such entities as 
sclerosing osteomyelitis of Gare, dia- 
betic osteopathy, and specific infec- 
tions. The references are most com- 
prehensive, as they are for the 
following chapter that is a good sur- 
vey of Paget disease, although the in- 
teresting geographic distribution of 
Paget could have been discussed more 
fully, and more histological examples 
could have been provided. 

The last half of the book is an al- 
most definitive review of arthrog- 
raphy, although once again there are 
a few minor criticisms. Arthrog- 
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raphy of the shoulder, elbow, knee, 
and ankle are well considered with 
excellent roentgenographic illustra- 
tions often accompanied by explana- 
tory drawings and diagrams. In each 
case, the technique is described con- 
cisely and should be easy to follow for 
a novice. The references are most 
comprehensive. But any consid- 
eration of arthrography of the wrist 
without mention of its importance in 
the diagnosis of rheumatoid arthritis 
is a curious omission, because this is 
the commonest indication for this in- 
vestigation today. Similarly, the com- 
prehensive survey of arthrography of 
the hip in children is accompanied by 
good illustrations, but many hip 
arthrograms are now being per- 
formed on older people either for the 
diagnosis of degenerative arthritis or 
following prosthetic replacement of 
the hip joint, and this is not even 
mentioned. 

Thus, on the whole, these are excel- 
lent reference books that can be 
safely recommended to libraries and 
possibly to German-speaking radiolo- 
gists whose interests lie in one or the 
other of these fields. Their price pro- 
hibits the average radiologist from 
buying them, and I gather there is no 
intention of translating them into 
English. 

Harry J. GRIFFITHS, MD 
Boston 


Books Received 
But Not Reviewed 


Trauma Surgery. By Philip Powley, FRCS. 
Price, $8. Pp 127. Williams & Wilkins Co, 428 E 
Preston St, Baltimore, 1973. 


Multiple Myeloma and Related Dis- 
orders, vol 1. By Henry A. Azar, MD, Michael 
Potter, MD. Price, $25. Pp 428, with 224 illustra- 
tions. Harper & Row Publishers Inc, 2350 Vir- 
ginia Ave, Hagerstown, MD 21740, 1973. 


Handbook and Atlas of Gastrointestinal 
Exfoliative Cytology. By Joao C Prolla, MD, 
Joseph B Kirsner, MD, PhD. Price, $19.50. Pp 
180. University of Chicago Press, 5801 Ellis Ave, 
Chicago 60637, 1973. 


The Child With an Orthopaedic Dis- 
ability: His Orthotic Needs and How to 
Meet Them. By the National Academy of Sci- 
ences. Price, unknown. Pp 72. National Academy 
of Sciences, Washington, DC, 1973. 
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News and Comment 


Anglo-American Conference on Con- 
tinuing Medical Education.—An Anglo- 
American Conference on Continuing 
Medical Education, sponsored jointly 
by the Royal Society of Medicine 
Foundation, Inc, New York; the Royal 
Society of Medicine, London; and the 
University of North Carolina School 
of Medicine, Chapel Hill, will be held 
at the University of North Carolina 
from April 8 through 10, 1974. For 
further information, write the Office 
of Continuing Education, 119 MacNi- 
der Bldg, School of Medicine, Univer- 
sity of North Carolina, Chapel: Hill, 
NC 27514. 


“Current Surgical Thinking, 1974.”— 
The Royal College of Physicians and 
Surgeons of Canada and the Univer- 
sity of Alberta announce the Second 
Biennial Postgraduate Course in Sur- 
gery entitled “Current Surgical 
Thinking, 1974” to be held at Jasper 
Park Lodge, Jasper, Alberta, Canada, 
March 25 through 28, 1974. For fur- 
ther information, write the Division 
of Continuing Medical Education, 12- 
103 Clinical Sciences Bldg, University 
of Alberta, Edmonton, Alberta T6G 
2G3. 


Ninth Congress of the European So- 
ciety for Experimental Surgery.—The 
Ninth Congress of the European Soci- 
ety for Experimental Surgery will be 
held in Salzburg, Austria, from May 
14 through 17, 1974. The scientific pro- 
gram will be devoted to the following 
topics: cardiogenic shock, formation 
and inhibition of metastasis, trans- 
plantation and immunology, portal 
hypertension, organ preservation and 
eryobiology, surgery of the biliary 
and pancreatic duct system, and plas- 
tic and reconstructive surgery. The 
program will include review lectures 
by invited scientists, ten-minute pre- 
sentations of papers submitted by 
participants, film sessions, and exhi- 
bitions. For further information, con- 
tact the organizing committee: O. 
Boeckl, E. Hell, G. Zimmermann, 


Kongressbetriebe der Stadt Salzburg, 
Auerspergstrasse 7, A-5020 Salzburg, 
Austria. 


“Five Days of Electrocardiography.” 
—The American Heart Association’s 
Council on Clinical Cardiology and 
the Rogers Heart Foundation, Inc, in 
cooperation with the Florida Heart 
Association will present their Eighth 
Annual Workshop in Electrocardio- 
graphy entitled “Five Days of Elec- 
trocardiography” at the Sheraton 
Olympic Villas, Orlando, Fla, from 
June 17 through 22, 1974. For further 
information, write to George E. 
Stewart, Jr., American Heart Associ- 
ation, 44 E 23rd St, New York 10010. 


International Symposium on Wound 
Healing.—An international sympo- 
sium on wound healing will be held in 
Rotterdam, the Netherlands, from 
April 8 through 12, 1974. The primary 
purpose of this symposium is to 
create a forum for surgeons and other 
medical specialists to exchange ideas 
on wound healing. Cellular and extra- 
cellular, physiological, and mechanical 
aspects of wound healing; clinical as- 
pects of bone, nerve, tendon, and vis- 
ceral healing; pathological aspects of 
skin and bone healing; and the phar- 
macology of healing are some of the 
subjects to be discussed. For further 
information, write the Secretariat, 
C/O Holland Organizing Centre, 16 
Lange Voorhout, The Hague, the 
Netherlands. 


Postgraduate Course in Surgery.— 
The Medical University of South 
Carolina will present a postgraduate 
course in surgery entitled “Advances 
in the Art and Science of Difficult 
Surgical Problems” to be held at Mills 
Hyatt House, Charleston, SC, from 
April 7 through 10, 1974. The course is 
designed for the general surgeon 
with an emphasis on developments 
that have occurred in the last ten 
years and the practical application of 
these techniques. For further infor- 
mation, write to John A. Moncrief, 
MD, Department of Surgery, Medical 
University of South Carolina, 80 
Barre St, Charleston, SC 29401. 
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(e.g., operating machinery, driving). Use in 
women who are or may become pregnant only 
when potential benefits have been weighed 
against possible hazards. Not recommended 
for use In persons under 15 years of age 
Though physical and psychological depend- 
ence have not been reported on recom- 
mended doses. use Caution in administering 
to addiction-prone individuals or those who 
might increase dosage 


Precautions: In elderly and debilitated, initial 
dosage should be limited to 15 mg to preclude 
oversedation, dizziness and/or ataxia If com- 
bined with other drugs having hypnotic or 
CNS-depressant effects, consider potential 
additive effects. Employ usual precautions in 
patients who are severely deoressed. or with 
latent depression or suicidal tendencies 


Dalmane is generally well tolerated. Only mild and relatively 
infrequent side effects have been reported clinically; in 
general, morning “hamg-over” has been relatively infrequent. 
Dizziness, drowsiness, lightheadedness and the like have 
been the side effects noted most often, particularly in the 
elderly and debilitated. (An initial dose of Dalmane 15 mg 
should be prescribed for these patients.) 


Periodic blood counts and liver and kidney 
function tests are advised during repeated 
therapy. Observe usual precautions in pres- 
ence of impaired renal or hepatic function 


Adverse Reactions: Dizziness. drowsiness, 
lightheadedness, staggering, ataxia and falling 
have occurred, particularly in elderly or debili- 
tated patients. Severe sedation, lethargy. dis- 
orientation and coma, probably indicative of 
drug intolerance or overdosage, have been 
reported. Also reported were headache, heart- 
burn, upset stomach, nausea. vomiting, 
diarrhea, constipation, GI pain. nervousness 
talkativeness, apprehension irritability, weak- 
ness, palpitations, chest pains, body and 

joint pains and GU complaints. There have 
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You expect your preoperative patient to be somewhat anxious 
and apprehensive about the scheduled surgery. But in some cases, 
psychic tension reaches undesirable levels 
as the time for the procedure approaches. 

In such situations, 10 mg Injectable 
Valium” (diazepam), administered I.M. an 
hour or two before the operation, can lessen 
the undue anxiety and tension associated 
with strange surroundings and disturbing 
procedures. The calming effect is generally 
prompt and pronounced. What’s more, 








Valium (diazepam) can markedly reduce the 
patient’s recall of preoperative procedures. 

ji Injectable Valium seldom significantly 
| alters vital signs. Nevertheless, there have been 
infrequent reports of hypotension and rare 
reports of apnea and cardiac arrest, usually 
following I.V. administration, especially in 
elderly or very ill patients > 
and those with limited — 
pulmonary reserve. 


Resuscitative facilities 
should be available. 
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reduction of narcotic dosage should be considered. ~ 7». 
(See prescribing information. 
Do not mix or dilute Injectable Valium 
with other drugs, solutions or fluids. 

The 10-mg disposable syringe is especially 
useful in this respect, since it provides 

a convenient method of using Valium and 
at the same time helps assure 

aseptic handling. 
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Injectable Valium diazepam 


can ease the way P 


Before prescribing, please consult complete product information, 
a summary of which appears on the following page. 





Prior to surgery, to relieve excessive anxiety; additionally, 


may diminish recall 


Injectable Valium diazepam 


ready-to-use 2-m] Tel-E-Ject disposable syringes) 


Before prescribing, please consult 
complete product information, a sum- 
mary of which follows: 

Indications: ‘Tension and anxiety 
states; somatic complaints which are con- 
comitants of emotional factors; psycho- 
neurotic states manifested by tension, 
anxiety, apprehension, fatigue, depressive 
symptoms or agitation; symptomatic re- 
lief of acute agitation, tremor, delirium 
tremens and hallucinosis due to acute al- 
cohol withdrawal; adjunctively in: relief 
of skeletal muscle spasm due to reflex 
spasm to local pathology; spasticity caused 
by upper motor neuron disorders; athe- 
tosis; stif/man syndrome; tetanus; status 
epilepticus and severe recurrent seizures; 
adjunctively in anxiety, tension or acute 
stress reactions prior to endoscopic and 
surgical procedures; cardioversion. 

Contraindicated: In infants; in pa- 
tients with known hypersensitivity to the 
drug; in acute narrow angle glaucoma; 
may be used in patients with open angle 
glaucoma receiving appropriate therapy. 

Warnings: Inject I.V. slowly, directly 
into vein; take at least one minute for each 
5 mg(1 ml) given. Do not mix or dilute with 
other solutions or drugs. Do not add to 
I.V. fluids. Administer with extreme care 
to elderly or very ill and those with limited 
pulmonary reserve because of possibility 
of apnea and/or cardiac arrest; have re- 
suscitative facilities available. When used 
with narcotic analgesic eliminate or re- 
duce narcotic dosage at least 3, admin- 
ister in small increments. Should not be 
administered to patients in shock, coma, 
acute alcoholic intoxication with depres- 
sion of vital signs. As with most CNS- 
acting drugs, caution against hazardous 
occupations requiring complete mental 
alertness (e.g., operating machinery, 
driving). Advise against simultaneous in- 
gestion of alcohol and other CNS depres- 
sants. Withdrawal symptoms (similar to 
those with barbiturates and alcohol) have 
occurred following abrupt discontinuance 
(convulsions, tremor, abdominal and 
muscle cramps, vomiting and sweating). 
Keep addiction-prone individuals under 
careful surveillance because of their pre- 
disposition to habituation and depend- 
ence. In pregnancy, nursing women or 
women of childbearing potential, weigh 
expected benefit against possible hazard 
to mother and child. Not recommended 
for OB use. 


10-ml vials 


5 mg/ml 


2-ml ampuls 


Precautions: If combined with other 
psychotropics or anticonvulsants, care- 
fully consider individual pharmacologic 
effects—particularly with known com- 
pounds which may potentiate action of 
Valium (diazepam), ?.e., phenothiazines, 
narcotics, barbiturates, MAO inhibitors 
and other antidepressants. Protective 
measures indicated in highly anxious pa- 
tients with accompanying depression who 
may have suicidal tendencies. Observe 
usual precautions in impaired hepatic 
function; avoid accumulation in patients 
with compromised kidney function. 
Laryngospasm and increased cough reflex 
are possible during peroral endoscopic 
procedures; use topical anesthetic and 
have necessary countermeasures available. 
Hypotension or muscular weakness pos- 
sible, particularly when used with nar- 
cotics, barbiturates or alcohol. Use lower 
doses (2 to 5 mg) for elderly and debili- 
tated; safety and efficacy in children 
under 12 not established. 


Adverse Reactions: Drowsiness, fa- 
tigue, ataxia, venous thrombosis and 
phlebitis at injection site, confusion, 
depression, dysarthria, headache, hypo- 
activity, slurred speech, syncope, tremor, 
vertigo, constipation, nausea, inconti- 
nence, changes in libido, urinary reten- 
tion, bradycardia, cardiovascular collapse, 
hypotension, blurred vision, diplopia, 
nystagmus, urticaria, skin rash, hiccups, 
changes in salivation, neutropenia, jaun- 
dice. Paradoxical reactions such as acute 
hyperexcited states, anxiety, hallucina- 
tions, increased muscle spasticity, in- 
somnia, rage, sleep disturbances and 
stimulation have been reported; should 
these occur, use of the drug should be 
discontinued. Cough, depressed respira- 
tion, dyspnea, hyperventilation, laryngo- 
spasm and pain in throat and chest have 
been reported in peroral endoscopic pro- 
cedures. Isolated reports of neutropenia, 
jaundice; periodic blood counts and liver 
function tests advisable during long-term 
therapy. Minor EEG changes, usually 
low-voltage fast activity, of no known 
significance. 

Dosage: Usual initial adult dose is 
2 to 20 mg I.M. or I.V., depending on in- 
dication and severity. Larger doses may 
be required in some conditions (tetanus). 
In acute conditions injection may be re- 
peated within 1 hour, although interval 
of 3 to 4 hours is usually satisfactory. 


Lower doses (usually 2 to 5 mg) with slow 
dosage increase for elderly or debilitated 
patients and when sedative drugs are 
added. (See Warnings and Adverse Re- 
actions.) Give I.V. injections slowly, di- 
rectly into vein; take at least 1 minute 
for each 5 mg (1 ml); avoid small veins. 
I.M. should be by deep injection. Do not 
mix or dilute with other solutions or 
drugs. Do not add to I.V. fluids. Moderate 
psychoneurotic reactions, 2 to 5 mg I.M. 
or I.V. and severe psychoneurotic reac- 
tions, 5 to 10 mg I.M. or I.V., repeat in 3 
to 4 hours if necessary; acute alcoholic 
withdrawal, 10 mg I.M. or I.V. initially 
then 5 to 10 mg in 3 to 4 hours if neces- 
sary; muscle spasm, 5 to 10 mg I.M. or I.V. 
initially, then 5 to 10 mg in 3 to 4 hours 
if necessary (tetanus may require larger 
doses); status epilepticus, severe recur- 
rent convulsive seizures, 5 to 10 mg I.M. 
or I.V. initially, repeat in 2 to 4 hours if 
necessary. In endoscopic procedures, ti- 
trate I.V. dosage to desired sedative re- 
sponse, generally 10 mg or less but up to 
20 mg (if narcotics are omitted) immedi- 
ately prior to procedure; if I.V. cannot be 
used, 5 to 10 mg I.M. approximately 30 
minutes prior to procedure. As preopera- 
tive medication, 10 mg I.M.; in cardio- 
version, 5 to 15 mg I.V., within 5 to 10 
min. prior to procedure. Once acute 
symptomatology has been properly con- 
trolled with injectable form, patient may 
be placed on oral form if further treat- 
ment is required. 
Management of Overdosage: Manifes- 
tations include somnolence, confusion, 
coma and diminished reflexes. Monitor 
respiration, pulse, blood pressure; em- 
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Editorial 


The Patient, the Laboratory, 
and the Surgeon 


if ef the traditional hallmarks of virtue in 
academe has been a thorough laboratory analysis of 
the body fluids of the patient. With the proliferation of 
automated technology, comprehensive laboratory screen- 
ing has been extended to many hospitals heretofore not so 
blessed. One wonders, however, with the third party insur- 
ers who pay the bill, whether these trends are either a vir- 
tue or a blessing. In some circumstances, up to 50% of hos- 
pital expenses may be derived from laboratory costs.’ 

Excessive use of the laboratory obscures relevant data, 
mcenveniences the patient unnecessarily, and raises hos- 
pital costs inappropriately. The subject is difficult to dis- 
euss because some critically ill, dynamic patients may re- 
quire bloed gas determinations or other studies several 
times during a 24-hour interval. Too frequently, however, 
we are at fault for failing to cancel standing orders for 
laboratory work, repeating a test because the results were 
not reported promptly, practicing unnecessary defensive 
medicine, requesting serial, automated screening proce- 
cures that are relatively inaccurate methods, seeking pan- 
oramic surveys when it is feasible to obtain specific tests, 
and ordermg tests that eannot be informative, such as 
chelecystography in the jaundiced patient. 

Efficient use of supporting laboratory services is more 
than a cost-saving device; selectivity is an important part 
of both quality patient care and sound medical educa- 
tion’ At the same time that our sense of economy has 
been dulled, our sense of diagnostic efficiency has been 
blunted. Laboratory studies should be based on some like- 
lineod of reward for the patient, determined by cost and 
on reason2ble probabilities from general population data, 
or generated by specific determinants in the patient’s his- 
tory and physical examination. 

A useful criterion for ordering a test is the “need to 
know,” that is, can the results of the test alter present or 
future management of the patient? If the test is obtained 
for areseanch objective or for the education of the student 
or resident, costs probably should be carried by some 
source other than the third-party carrier. Similarly, if 
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tests for syphilis or tuberculosis are obtained solely for 
purposes of community health, should not the costs be 
borne by the community who primarily benefits? 

Is it not feasible to develop a logical decision tree for or- 
dering laboratory tests prudently by requesting them se- 
quentially, the decisions resulting from an understanding 
of both the natural history of disease and the effec- 
tiveness of laboratory methods? Recent evidence suggests 
that a liver scan for metastatic cancer will not provide 
useful information unless the patient has hepatomegaly 
or abnormal liver chemistry values are present.’ In the ab- 
sence of bone pain, a metastatic survey or bone scan is 
probably useless.’ Lung scans ordinarily should be ob- 
tained before pulmonary arteriography in the diagnosis of 
pulmonary emboli.® 

Fundamentally, it is the task of the responsible physi- 
cian to control excessive laboratory utilization. However, 
as educators and as members of utilization review com- 
mittees, surgeons carry institutional responsibilities and, 
as participants in the newly forming Professional Stan- 
dards Review Organizations, increasingly important com- 
munity obligations for effective cost controls. 

JEROME J. DECossr, MD 
Milwaukee 

RICHARD P. Levy, MD 
Cleveland 
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Chronic disease...requires A number of drugs may interfere 
constant medication...often with the regular bowel action... antacids, 
several different drugs... anticholinergics, narcotics, 


antispasmodics, barbiturates, 
antihypertensives, antidepressants, 
tranquilizers... and many others... 
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SENOKOT Tablets or Granules effectively 
counteract drug-induced constipation... 
do not interfere with primary medication 
...act gently and predictably. 


Supplied: SENOKOT Tablets (small, 
easy-to-swallow) —Bottles of 50 and 100. 
SENOKOT Granules (delicious, cocoa- 
flavored)—4 ,8 and 16 ounce (1 |b.) canisters. 









‘ 7 y a - j 

y "E E | y 4 am m N IA KS 
> | oe Bee FC tt L GIO 
` , | (hey! | _ io | | 

q | ta] ye | T | . 
‘i Ae ‘ pe! A a 

& } v a Vo Ae ; Sy | if) 
, 2 jf i å. YY S WATT PUTO 


(standardized senna concentrate ) 


j 
ai mi A g m pe ~ 
i rm" Ff , Ys F. Vf r if’ 
we E | Tt Ef i= 
f i | a. LA Vt; 
i J À i | 3 4 AseX l h 
/ Li t fh D'N A > SAA @ UVA -' o 


a! 










PURDUE FREDERICK 


© COPYRIGHT 1974, THE PURDUE FREDERICK COMPANY 
NORWALK. CONN. 06856 A7286 136974 






y $: 2 s A ny 2 
” SR AS SEP RSS oe 
ELE ORES ANNE IOC ARRERA < PIRTS 


es 


Progress in the Treatment of Portal Hypertension 
Guest Editor: Marshall J. Orloff, MD 
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An Appraisal of Progress 


in the Treatment 


of Portal Hypertension 


pae hypertension is not a dis- 
ease in the usual sense of the 
term. Rather, it is a secondary or ter- 
tiary hemodynamic manifestation of 
one or another of a variety of dis- 
eases. The problems associated with 
portal hypertension are as much those 
of the underlying diseases as they are 
of the high pressure in the portal cir- 
culation. In the United States, the 
primary disease is chronic alcoholism 
in the majority of cases of portal hy- 
pertension. It has been estimated 
that there are 8 million chronic alco- 
holics in this country. During the past 
two decades, the incidence of chronic 
alcoholism has increased dramati- 
cally, and it is clearly a major social, 
economic, and public health problem. 

The secondary disease responsible 
for portal hypertension is some form 
of cirrhosis of the liver in over 90% of 
the cases. In the United States, most 
patients with portal hypertension 
have alcoholic liver disease. Cirrhosis 
is reported to be the ninth leading 
cause of death among people of all 
ages, and the fourth leading cause of 
death in those over the age of 40 
years. During the past 15 years, the 
death rate from cirrhosis is reported 
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to have increased more than that 
from any other cause of mortality. 
The social cost of alcoholic cirrhosis 
has been estimated to be 3 billion dol- 
lars per year. 

There are a number of important 
clinical manifestations of the combi- 
nation of liver disease and portal hy- 
pertension. The most frequent ones 
aře bleeding esophageal varices, he- 
patic coma, and ascites. Less frequent 
but important manifestations are the 
hyperdynamic cardiovascular state, 
hypersplenism, renal failure, and, 
perhaps, peptic ulcer. Knowledge 
about all of these clinical distur- 
bances is essential to the treatment 
of patients with cirrhosis and portal 
hypertension. However, the complica- 
tion that is most amenable to surgical 
therapy and, therefore, has received 
the greatest attention from surgeons 
is bleeding from esophageal varices. 

Of the many questions about the 
care of patients with liver disease and 
portal hypertension, there are several 
that are of critical importance, partic- 
ularly in regard to bleeding esoph- 
ageal varices. Since diagnosis has at- 
tained a high degree of accuracy with 
the development of refined tech- 
niques of roentgenography and en- 
doscopy, most of these questions con- 
cern therapy, its accomplishments, 
failures, and consequences. Specifi- 
cally, these therapeutic questions are: 

1.-Is there an effective form of 
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emergency treatment of bleeding 
esophageal varices? More specifically, 
do medical measures aimed at tempo- 


_ rary control of hemorrhage, followed 


when possible by delayed or elective 
operative portal decompression, re- 
sult in greater long-term survival of 
the bleeding cirrhotic population than 
does immediate, definitive portal de- 
compression? 

2.—Does elective therapeutic portal- 
systemic shunt improve the duration 
or quality of life of cirrhotic patients 
who have bled from esophageal varices 
when compared to other forms of op- 
erative and nonoperative treatment 
of similar patients? 

3.—Does portal-systemic shunt in- 
crease liver dysfunction and cause 
liver failure by diverting portal blood 
away from the liver? A closely related 
question is: Do recent operations that 
are designed to maintain hepatic 
blood flow while at the same time de- 
compressing esophageal varices ac- 
complish their objective, reduce the 
incidence of hepatic failure, and im- 
prove the survival of cirrhotic pa- 
tients who have bled? 

4.—Are there clinical, biochemical, 
histologic, or hemodynamic criteria, 
definable by practical studies, that 
will permit an accurate prediction of 
the response to portal-systemic shunt 
and, thereby, make possible the selec- 
tion of patients for operation? 

5.—What is the best type of portal- 
systemic shunt in a given patient, the 
direct portacaval, the distal splenore- 
nal, the mesocaval, the end-to-side 
portacaval combined with hepatic 
portal arterialization, the portacaval 
H graft, or one of the several other 
variations on the theme? 

6.—What is the incidence of portal- 
systemic encephalopathy in patients 
with cirrhosis, without and with por- 
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tal-systemic shunts, and to what ex- 
tent do shunts intensify this dis- 
order? What is the cause(s) of 
encephalopathy, and how can it be 
prevented and treated effectively? 
This symposium has been organized 
to present an appraisal of current 
knowledge that bears on the answers 
to some of these critical questions. It 
contains invited contributions from 
individuals who have had substantial 
experience in dealing with the prob- 
lems of portal hypertension. The 
article by Reynolds presents an as- 
sessment of the current status of he- 
modynamic measurements of the he- 
patic circulation in the selection of 
patients for portal-systemic shunt. 
The contribution from Siegal and his 
colleagues provides a detailed analy- 
sis of the striking systemic cardio- 
vascular abnormalities associated 
with portal hypertension, as well as 
information on the use of systemic 
hemodynamic measurements in pre- 
dicting the response to portal-sys- 
temic shunt, and some helpful com- 
ments on the treatment of these 
systemic disturbances. The report of 
Mikkelsen deals with histologic crite- 
ria, obtained from needle biopsy of 
the liver, for selecting patients for 
portacaval shunt. In addition, it re- 
ports the early results of an impor- 
tant, prospective, randomized com- 
parison of therapeutic portacaval 
shunt and medical therapy in selected 
good-risk patients who have bled 
from esophageal varices. The article 
by Orloff and his associates reports 
the long-term results of a large pro- 
spective study of emergency portaca- 
val shunt in unselected patients, and 
compares immediate portal decom- 
pression with other forms of emer- 
gency therapy of varix hemorrhage. 
Additionally, it considers hemodynam- 


ic data regarding the influence of 
portal flow diversion on survival and 
encephalopathy. The report of Nus- 
baum and his co-workers concerns 
emergency medical therapy of bleed- 
ing varices in the form of selective 
mesenteric arterial infusion of vaso- 
pressin injection. Two contributions 
provide information on the early re- 
sults of new techniques of portal 
decompression that are designed to 
maintain hepatic blood flow. The ar- 
ticle by Warren and his colleagues de- 
scribes the largest experience to date 
with selective distal splenorenal 
shunt, and the report of Maillard and 
his associates describes the results of 
the largest personal experience with 
arterialization of the portal vein in 
combination with portacaval anasto- 
mosis. The article by Fischer provides 
a review of current knowledge about 
the cause of hepatic coma and an 
appraisal of available modalities of 
treatment. Finally, the symposium is 
rounded out by a consideration of the 
uncommon but important problem of 
extrahepatic portal hypertension in 
patients who do not have primary 
liver disease. The contribution of 
Voorhees and Price describes what is 
perhaps the most extensive reported 
experience with the surgical treat- 
ment of this condition. 

Limitations of space and time pre- 
clude a complete analysis of so com- 
plicated a problem as portal hyper- 
tension, and this review is by no 
means all-inclusive. Of necessity, im- 
portant contributions of many work- 
ers have been excluded. It is hoped, 
however, that this symposium will 
provide an up-to-date and author- 
itative appraisal of some of the most 
critical issues that determine pro- 
gress in the treatment of portal hy- 
pertension. 
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These are actual photographs taken 
during examinations in the esophogus, bronchi, stomach, 
duodenum, sigmoid, cecum and colon. 

Olympus flexible fiberscopes have further advanced 

the state of the art by providing the means for innovative specialists 
to develop methods, now in practice, 

including polyp removal without open surgery and 

cannulation of the pancreatic and biliary ducts. 

W= would like to show you more. 

Please write. Olympus Corporation of America, 

Medical Instrument Division, 2 Nevada Drive, New Hyde Park, 

New York 11040. Dent. R-3 





Lederle Laboratories presents 
EXPLORATIONS IN ANTIMICROBIAL THERAPY 


microbial specificity in a wide range of 
hospital infections due to susceptible 
pathogens* 





MINOCYCLINE HCI 
INTRAVENOUS 100 mg/vial 


Meets bacterial 
challenges 
in the hospital 









importance, such as 
susceptible Bacteroides sp., 
Clostridium sp. and Mima- 
Herellea sp., implicated 
in postsurgical G.I. and 
G.U. infections; and 
against populations of 
ecognized importance 
such as E. coli and 
Klebsiella sp. (See 
Table II.) 


MINOCIN Minocycline HC/ 
Intravenous administered 
in dosages identical to 
the usual oral regimen of 
MINOCIN, 200 mg 
initially, 100 mg q.12 h., 
provides prompt 
antimicrobial serum 
levels to control in- 
fections caused by 
susceptible patho- 
gens in the hospital. 


MINOCIN I.V. used 


MINOCIN can be as recommended 
effective in the rarely results in 
treatment of pneu- thrombophlebitis. 
monia, skin and If MINOCIN I.V. is 


given over pro- 
longed periods, 
however, throm- 
bophlebitis may 
occur. In all appli- 
Cable cases, oral 
MINOCIN should be 
instituted as soon as 
possible. 


soft tissue infec- 
tions, bacteremia 
and septicemia. In 
hospital infections, 
it can be useful 
against populations 
of pathogens 
assuming increasing 


“When bacteriologic testing indicates appropriate 
susceptibility to MINOCIN Minocycline HCI. 


MINOCIN Minocycline HCI 
penetration levels after oral administration: 
respiratory, G.I., G.U. and other tissues/fluids 


TABLE | 





AVERAGE CON- 
NUMBER OF CENTRATION 
SPECIMENS mcg/gm OR ml 


AVERAGE CON- 
TISSUE OR NUMBER OF CENTRATION 
BODY FLUID SPECIMENS mcg/gm OR ml 


APPENDIX 








SINUS (MUCOUS 
MEMBRANE) 






FALLOPIAN TUBE 2 | 
GALLBLADDER BET Es NA 






MSE SS ea ae 


The maicr part of the data in humans wasiderived from the pharmacologic trial in patients scheduled for various types of surgery. 
They were given the MINOCIN loading cose of 200 mg initially followed by 100 mg at 12-hour intervals for four days. At the time of 


surgery a blood sample was drawn and aitwo-gram specimen of excised tissue was reserved for analysis. 





TABLE I 


IN VITRO ACTIVITY+ OF MINOCIN Minocycline HCI 
AGAINST 421 STRAINS OF VARIOUS BACTERIA, 





PENETRATES SITES OF INFECTION TO 


* 
NUMBER OF 
% SITES OF SURGERY/INFECTION STRAINS MINOCYCLINE 
PATHOGEN (NOT INCLUSIVE) ORGANISM TESTED ACTIVITY 
Bacteroides sp. Gallbladder 
Lower G.I. Tract : 
Female G.U. Tract Staphylococcus aureus 56 56 
Diplococcus pneumoniae 35 31 
Ciosiridium sp. Gallbladder Streptococcus, group A 63 57 
Streptococcus, group B 12 6 
E. coli oe tani Streptococcus, group C 3 3 
G U. Tract Streptococcus, group G 3 3 
— Streptococcus viridans 31 30 
Kiebsiełla sp: Respiratory Tract Enterococcus 36 6 
i G.U. Tract Neisseria gonorrhoeae 25 21 
a TUE Hemophilus influenzae 15 1 
i j ra SA è 
—e chic apes Escherichia coli 48 32 
Proteus sp.+++ 34 3 
Enterobacter G.I. Tract ¢ is 
(Aerobacter) G.U. Tract Klebsiella 17 9 
Enterobacter aerogenes 3 3 
H. influenzae Respiratory Tract Enterobacter cloacae 7 3 
Serratia 4 4 
Enterecoccus Lower Bowel Herellea 7 7 
G.I. Tract : 
Mima polymorpha 1 1 
Pseudomonas aeruginosa tt 15 6 
Mima-Herellea sp. Urethra 9 
Vaginal Tract 
Staphylococcus aureus*** Skin and Soft Tissue 
*When bacteriologic testing indicates appropriate susceptibility to + No direct correlation should be inferred between in vitro and 
MINOCIN@Minocycline HCI. in vivo activity. 
*MINOCINenot active against Proteus sp. or Pseudomonas. ++ No approved clinical indication for MINOCIN therapy in infections 
__ *Tetracyclines are not the drug of choice in the treatment of any type of due to Proteus sp., Pseudomonas. 
F staohylaceccal infections. MINOCIN isindicated for treatment of +++ Includes two strains of P. morganii and P. rettgeri and 32 of 
Staphylecoccus aureus in skin and sofftissue infections only when P. mirabilis. - . 


bactenoiagic tests indicate appropriate susceptibility to the drug. 


Before prescribing MINOCIN, please refer to the prescribing information for full description 
ZD of adverse effects and precautions, a copy of which is on the last page of this advertisement. 
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MINOCYCLINE HCI 


semisynthetic tetracycline 
for office and hospital 


MINOCIN provides 
effective therapy with 
relatively few problems 


@ Penetrates tissues of respiratory, G.I. and 
G.U. tracts, skin and muscle. 


@ No photosensitivity to date. 


@ Well absorbed even with food, dairy 
products or colas. 


@ Enamel hypoplasia/tooth staining can 
occur in children under eight. 


® |f renal impairment exists, lower than 
usual doses are indicated. (See WARNING 
in Package Insert.) 


@® Lightheadedness that may occur is tran- 
sient, disappearing during therapy or always 
after therapy is completed. 


@ Dosage form flexibility: supplied as 50 mg 
and 100 mg capsules, 50 mg/5 cc syrup, and 
100 mg/vial intravenous. 


Lederle Laboratories 
ederle A Division of American Cyanamid Company 
Pearl River, N.Y. 10965 


NEW 
50 mg 
CAPSULE 


...1f more 
frequent doses 
are preferred 





MINOCIN’ Minocycline Hydrochloride 


Oral and Intravenous 


DESCRIPTION: MINOCIN minocycline hydrochlo- 
ride is a semi-synthetic derivative of tetracycline 
/-dimethylamino-6-deoxy-6-demethyltetracycline 
hydrochloride. 


Intravenous: Each vial. dried by cryodesiccation. 
containssterile Minocycline Hydrochloride equiva- 
lent to 100 mg. Minocycline. When reconstituted 
with 5 cc. of Sterile Water For Injection the pH 
ranges from 2.0to28 


ACTIONS: Microbiology. The tetracyclines are pri- 
marily bacteriostatic and are thought to exert their 
antimicrobial effect by the inhibition of protein syn- 
thesis. Minocycline HCI is a tetracycline with anti- 
bacterial activity comparable to other tetracyclines 
with activity against a wide range of gram-negative 
and gram-positive organisms 

Tube dilution testing: Microorganisms may be 
considered susceptible (likely to respond to mino- 
cycline therapy) if the minimum inhibitory concen- 
tration (M.1.C.) isnot more than 4.0 meg./ml. Micro- 
Organisms may be considered intermediate 
(harboring partial resistance) if the MI.C. is 4.0 to 
12.5 mcg./ml. and resistant (not likely to respond to 
minocycline therapy) if the M1.C. is greater than 
12.5 meg./ml 

Susceptibility plate testing: If the Kirby-Bauer 
method of susceptibility testing (using a 30 mcg 
tetracycline disc) gives‘a zone of 18 mm. or greater. 
the bacterial strain is considered to be susceptible 
to any tetracycline. Minocycline shows moderate 
in vitro activity against certain strains of 
staphylococci which have been found resistant to 
other tetracyclines. For such strains minocycline 
susceptibility powder may be used for additional 
susceptibility testing 


INDICATIONS. MINOCIN minocycline HCI is indi- 
cated in infections caused by the following micro- 
organisms 

Rickettsiae: (Rocky Mountain spotted fever ty- 

phus fever and the typhus group, Q fever. rickett- 

Sialpox, tick fevers.) 

Mycoplasma pneumoniae (PPLO. Eaton agent) 

Agents of psittacosis and ornithosis. Agents of 

lymphogranuloma venereum and granuloma in- 

guinale. The spirochetal agent of relapsing fever 

(Borrelia recurrentis). The following gram-nega- 

tive micro-organisms: Hemophilus ducreyi 

(chancroid), Pasteurella pestis and Pasteurella 

tularensis, Bartonella bacilliformis, Bacteroides 

species, Vibrio comma and Vibrio fetus. Brucella 
species (in conjunction with streptomycin). 

Because many strains of the following groups of 
micro-organisms have been shown to be resistant 
to tetracyclines, culture and susceptibility testing 
are recommended 

MINOCIN minocycline HCI is indicated for treat- 
ment of infections caused by the following gram- 
negative micro-organisms, when bacteriologic test- 
ingindicates appropriate susceptibility to the drug 

Escherichia coli, Enterobacter aerogenes (for- 

merly Aerobacter aerogenes), Shigella species, 

Mima species and Herellea species, Haemo- 

philus influenzae (respiratory infections), Kleb- 

siella species (respiratory and urinary infections) 

MINOCIN is indicated for treatment of infections 
caused by the following gram-positive micro-or- 
ganisms when bacteriologic testing indicates ap- 
propriate susceptibility to the drug: 
Streptococcus species: Up to 44 percent of strains 
of Streptococcus pyogenes and 74 percent of 
Streptococcus faecalis have been found to be re- 
sistant to tetracycline drugs. Therefore, tetracy- 
clines should not be used for streptococcal disease 
unless the organism has been demonstrated to be 
sensitive. 

For upper-respiratory infections due to group A 
beta-hemolytic streptococci, penicillin is the usual 
drug of choice, including prophylaxis of rheumatic 
fever 
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MINOCIN IV. 
100 mg/Vial 



















1 Vial 100 mg 


pet ae lf Box of 100 Vials 


200 mg initially, 3 melkea. 1h 


100 mg q. 12h. 












MINDCIN Capsules 
100 mg 








Bottles of 50's and 100's; 


200 mg initially, 
3 Unit dose 10 x 10's 


100 mg q. 12h. 


4 mg/kg initially, 
2mg/kgq. 12h. 

































_ MINOCIN Capsules 100 mg or 200 mg ea 
50 mg | C= initially. 50 mg $ rere a Bottles of 100's 
q.i.d. “han 

















MINOCIN Syrup 
= 50mg/5 cc 








2 teaspoonfuls 
(100 mg) initially. 
1 teaspoonful 

(50 mg) q.i.d. 











4 mg/kg initially. 


2 mg/kg q. 12h. 2-fluidounce Bottles 








Diplocaeccus pneumoniae, 

Staphylococcus aureus. skin and som tissue infec- 

tions. Tetracyclines are not the drug œ chdicein the 

treatment of any type of staphylococ=al infection 
Wher penicillin is contraindicated tetracyclines 

are alternative drugs in the treatmerm of infections 


due to: 


Neisseria gonorrhoeae, Treponeme pa lidum and 

Treponema pertenue ‘syphilisand aws), Listeria 

monacytogenes, Clostridium spesies, Bacillus 

anthracis, Fusobacterium fusiforme (Vincents 
infection). Actinomyces species 

In acute intestinal amebiasis. the-tetracyclines 
May bea useful adjunet to amebicidess. 

MINOCIN isindicated in the treatnzent of tracho- 
ma: although the infectious agent ss rot always 
eliminated, as judged by immunoflucrescence. In- 
clusi@n conjunctivitis may be treated with oral tetra- 
cyclines or with a combination of oral and topical 
agents. 


Oral only: Inssevere acne, the tetracyclines may 
be useful adjunctive therapy. Minoccline is indi- 
cated im the treatment of asymptomatic carriers of 
N. menmngitidis to eliminate meningo<ocei from the 
nasopharynx. 

In order to preserve’the usefulness of MINOCIN 


„minocycline HCI in the treatment of «symptomatic 


meningococcal! carriers, diagnostic laboratory pro- 
ceaures. including serotyping and susceptibility 
testing shouldbe perfermedtoestab sh-hecarrier 
state and the correct treatment. It is recommended 
that thedrug be reserved for situatiors in which the 
risk GF Meningecoccal meningitis is Bigh. 

Minocycline is not indicated for the treatment of 
meniagococca!l infection. 


CONTRAINDICATIONS. This drug «ss contraindi- 
cated in persons who have shown hyersensitivity 
to any of the tetracyclines. 


WARNINGS. In the presence of rene dysfunction, 
particularly in pregnancy, intravenous tetracycline 
therapy in daily doses exceeding 2 grams has been 
associated with deaths through liver failure. 
When the need for intensive treatm-<nt outweighs 
its potential dangers (mostly during pegnancy or in 
individuals with known or suspectedireral or liver 
impairment). itisadvisableto perform enalandliver 
function tests before and during theræy:. Also tetra- 
cycline serum concentrations shouldibe followed. 
lhrenal impairment exists, even useal oral or par- 
enteral doses may lead to excessive systemic accu- 
mutation of the drug and possible iver toxicity. 
Uneer such conditions. lower than useal total doses 


_ areindicated, and if therapy is prolenged, serum 


level determinations cf the drug maye advisable. 
This hazard is of particular importance in the paren- 
teral administration of tetracyclines to pregnant or 
post-partum patients with pyeloneshritis. When 
used under these circumstances, the b.ood level 
shauld not exceed 15 micrograms/ml. and liver 
function tests should be made at frequent intervals. 
Other potentially hepatotoxic drugs should not be 
prescribed concomitaatly. 

The use of tetracyclines during tcoth develop- 
ment last half of pregnancy. infancy, End childhood 
to the age of 8 years) may cause permanent dis- 
coloration of the teeth 'yellow-gray-brown). This ad- 
verse reactions more common durng ‘ong-term 
useof the drugs but has been observed following 
repeated short-term courses. Enamel hypoplasia 
has atso been ‘reported. Tetracyclines. -herefore, 
should mot be used in this age groug unless other 
drugs are not likely to be effective æ are contra- 
indicated. 

Photasensitivity manifested by an-exaggerated 
sunburn reaction has been observed in some indi- 
viduats taking tetracyclines. Patients apt to be ex- 
eer ps direct sunlight or ultraviole: light should 

e advised that this reaction can occur with tetra- 
cyctine drugs, and treatment should De discontin- 
ued. al the first evidence of skin erytr=ma. Studies 
to dateinadicatethat phetosensitivity ddes not occur 
with MINOCINuwminocycline HCI. 


The antianabolic action of the tetracyclines may 
cause an increase in BUN. While this is not a prob- 
lem in those with normal renal function, in patients 
with significantly impaired function. higher serum 
levels of tetracycline may lead to azotemia, hyper- 
phosphatemia, and acidosis. 

CNS side effects including lightheadedness, diz- 
ziness or vertigo have been reported. Patients who 
experience these symptoms should be cautioned 
about driving vehicles or using hazardous machin- 
ery while on minocycline therapy These symptoms 
may disappear during therapy and always dis- 
appear rapidly when the drug is discontinued. 


Usage in Pregnancy. (See above Warnings about 
use during tooth development.) 

Results of animal studies indicate that tetracy- 
clines cross the placenta, are found in fetal tissues 
and can have toxic effects on the developing fetus 
(often related to retardation of skeletal develop- 
ment). Evidence of embryotoxicity has also been 
noted in animals treated early in pregnancy. 


Usage in newborns, infants, and children. (See 
clade “Warnings about use during tooth develop- 
ment. 

Alltetracyclines forma stable calcium complex in 
any bone forming tissue. A decrease in the fibula 
growth rate has been observed in prematures given 
oral tetracycline in doses of 25 mg./kg. every 6 
hours. This reaction was shown to be reversible 
when the drug was discontinued. 

Tetracyclines are present in the milk of lactating 
women who are taking a drug in this class. 


PRECAUTIONS. As with other antibiotics prepara- 
tions, use of this drug may result in overgrowth of 
nonsusceptible organisms, including fungi. If super- 
infection occurs, the antibiotic should be discon- 
tinued and appropriate therapy should be instituted. 

In venereal diseases when coexistent syphilis is 
suspected. darkfield examination should be done 
before treatment is started and the blood serology 
repeated monthly for at least 4 months 

Because tetracyclines have been shown to de- 
press plasma prothrombin activity. patients who are 
on anticoagulant therapy may require downward 
adjustment of their anticoagulant dosage. 

In long-term therapy. periodic laboratory evalua- 
tion of organ systems, including hematopoietic, 
renal and hepatic studies should be performed. 

All infections due to Group A beta-hemolytic 
streptococci should be treated for at least 10 days. 

Since bacteriostatic drugs may interfere with the 
bactericidal action of penicillin, it is advisable to 
vere giving tetracycline in conjunction with peni- 
cillin. 


ADVERSE REACTIONS. Gastrointestinal: Ano- 
rexia, nausea, vomiting, diarrhea, glossitis, dys- 
phagia, enterocolitis, and inflammatory lesions 
(with monilial overgrowth) in the anogenital region. 

These reactions have been caused by both the 
oral and parenteral administration of tetracyclines. 
Skin: Maculopapular and erythematous rashes. 
Exfoliative dermatitis has been reported but is un- 
common. Photosensitivity is discussed above. (See 
“Warnings. ) Renal toxicity: Rise in BUN has been 
reported and is apparently dose related. (See 
“Warnings. ) Hypersensitivity reactions: Urticaria, 
angioneurotic edema, anaphylaxis. anaphylactoid 
purpura, pericarditis and exacerbation of systemic 
lupus erythematosus. Bulging fontanels have been 
reported in young infants following full therapeutic 
dosage. This sign disappeared rapidly when the 
drug was discontinued. Blood: Hemolytic anemia. 
thrombocytopenia, neutropenia and eosinophilia 


have been reported. CNS: (See Warnings.) When ` 


given over prolonged, periods, tetracyclines have 
been reportedto produce brown-black microscopic 
discoloration of thyroid glands. No abnormalities 
of thyroid function studies are known to occur. 


DOSAGE AND ADMINISTRATION: ORAL. Therapy 
should be continued for at least 24-48 hours after 


symptoms and fever have subsided. 

Concomitant therapy: Antacids containing 
aluminum. calcium. or magnesium impair absorp- 
tion and should not be given to patients taking oral 
tetracycline E 

Studiesto date have indicated that the absorption 
of MINOCIN is not notably influenced by foods and 
dairy procucts 

In patients with renal impairment: (See “Warn- 
ings.) Total dosage should be decreased by reduc- 
tion of recommended individual doses and/or by 
extending time intervals between doses 

In the treatment of streptococcal infections. a 
therapeutic dose of tetracycline should be adminis- 
tered for at least 10 days. 

ADULTS: The usua! dosage of MINOCIN minocy- 
cline HCI is 200 mg. initially followed by 100 mg. 
every 12 hours Alternatively. tf morefrequent doses 
are preferred. two or four 50 mg. capsules may be 
given initially followed by one 50 mg. capsule four 
times daily : 

CHILDREN: The usual dosage of MINOCIN mino- 
cycline HČI is 4 mg./Kg initially followed by 2 mg./ 
Kg. every 12 hours 

Fortreatment of syphilis. the usual dosage of 
MINOCIRK should be administered over a period of 
10-15 days. Close followup. including laboratory 
tests. is recommended. 

Gonorrhea patients sensitive to penicillin may be 
treated with MINOCIN. administered as 200 mg. 
initially followed by 100 mg. every twelve hours for 
a minimum of 4 days. with post-therapy cultures 
within 2-3-days 

In the treatment of meningococcal carrier state 
recommended dose is 100 mg every 12 hours for 
five days 


DOSAGE AND ADMINISTRATION: INTRAVE- 
NOUS. Note: Rapid administration is to be avoided 
Parenteral therapy is indicated only when oral 
therapy is not adequate or tolerated. Oral therapy 
should beanstituted as soon as possible If intrave- 
nous therapy is given over prolonged periods of 
time. thrombophlebitis may result 

ADULTS: Usual adult dose: 200 mg. followed by 
100mg every 12 hours and should not exceed 
400 mg. im24 hours The drug should be initially dis- 
solved anc then further diluted to 500-1,.000 cc. with 
either Sodium Chloride Injection USP. Dextrose 
Injection USP, Dextrose and Sodium Chloride In- 
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Ringers Injection USP but not in other solution 
containing calcium (a precipitate may form). 

The reconstituted solutions are stable at room 
temperature for 24 hours without significant loss of 
potency. Any unused portions must be discarded 
after that period The final dilution for administration 
should be administered immediately. 

CHILDREN: Usual pediatric dose: 4 mg./kg. fol- 
lowed by 2 mg./kg. every 12 hours. 

_ In patients with renal impairment: (See Warn- 
ings. } 

Total dosage should be decreased by reduction of 
recommended individual doses and/or by extend- 
ing time intervals between doses 
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Portal Hypertension 


The Role of Hemodynamic Measurements 
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Currently, preoperative hemodynamic 
measurements are of limited value in the se- 
lection of patients for portosystemic shunt 
surgery. Wedged hepatic vein pressure mea- 
surement accurately assesses portal pres- 
sure in alcoholic liver disease and can be 
helpful in the diagnosis and follow-up of por- 
tal hypertension but not in the selection of 
patients for surgery. Though theoretically 
useful, hepatic blood flow measurement has 
not been shown to correlate with results of 
surgery. New methods have been developed 
for measurement of portal blood flow preop- 
eratively, which use the umbilical vein ap- 
proach. Assessment of hepatic arterial re- 
sponse to portal flow diversion is also 
feasible with the patient under local anesthe- 
sia. Hopefully, one of these measurements 
will prove useful in selecting those patients 
who can undergo portosystemic shunt 
without a high risk of postoperative enceph- 
alopathy or hepatic failure. 


M": has been learned about 
splanchnic hemodynamics since 
portacaval shunt surgery was intro- 
duced in the United States in 1945. A 
technique for measurement of he- 
patic blood flow was originated by 
Bradley at about the same time.' The 
relationship of wedged hepatic vein 
pressure (WH VP) to portal vein pres- 
sure was shown in the early 1950s*”; 
recently, WHVP has been found to be 
virtually identical to portal vein pres- 
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sure in most types of intrahepatie dis- 
ease.” Development of the square- 
wave electromagnetic flowmeter has 
made direct flow measurements in he- 
patic artery and portal vein possible 
at surgery. In the last few years, di- 
rect access to the portal vein has been 
achieved without general anesthesia 
by way of the umbilical vein.* Many 
studies of various aspects of the 
splanchnic circulation in animals and 
in humans with portal hypertension 
have been published. Disappointingly, 
however, no consensus has emerged 
as to how preoperative hemodynamic 
measurements can be of practical 
value in selection of patients for por- 
tosystemiec shunt or in predicting 
the long-term results of shunting. 

This article reviews the available 
hemodynamic measurements and 
their potential usefulness in the sur- 
gery of portal hypertension. 


Wedged Hepatic Vein Pressure 


A close relationship between 
wedged hepatic vein pressure and 
portal vein pressure (PVP) was estab- 
lished by Myers and Taylor, Fried- 
man and Weiner,’ Paton et al* and 
Krook® in the early 1950s, and this 
method has been widely utilized since 
then for indirect assessment of portal 
hypertension. Until the development 
of umbilical vein cannulation for di- 
rect access to the portal vein, it was 
not feasible to make direct compari- 
sons between WHVP and PVP in 
nonanesthetized patients. Two 
groups®’ have recently shown that 
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WHVP and PVP are essentially iden- 
tical in alcoholic liver disease and 
probably also in chronic aetive liver 
disease and in cryptogenic cirrhosis. 
Figure 1 compares the two pressures, 
measured simultaneously, in 23 pa- 
tients. 

The technique for measurement of 
WHVP?P is relatively simple and safe. 
A curved-tipped cardiae catheter is 
inserted directly into an exposed ba- 
silic or external jugular vein. Passage 
frem right atrium into inferior vena 
cava is aided by rotating she curved 
tip posteriorly. The vena caval wall is 
then explored for a hepatic vein open- 
ing that is usually found without dif- 
ficulty en the right and anterior as- 
pect of the vena cava. After 
advancing the catheter as far as it 
will go into a smaller hepatic vein, 
pressure is measured, and the record- 
ing is continued during withdrawal of 
the catheter back into a free position 
in a larger hepatic vein. Withdrawal 
of the catheter is accompanied by an 
abrupt fall in pressure as it leaves the 
wedged position. It is important to 
confirm wedging by injection of a 
small amount of contrast material to 
demonstrate that the catheter is truly 
wedged in a hepatic verule rather 
than being caught at a venous bifur- 
cation. It is important to record 
WHVP in more than one position in 
the liver; pressure levels should agree 
within 1 to3 mm Hg—if nct, a techni- 
cal errer is suspected. Pressure is 
recorded in a large hepatie vein or in 
the adjacent inferior vena cava to 
serve as a zero reference point. A de- 
pendable internal zero reference 
peint is one of the majer advantages 
to this method of portal pressure 
measurement. External zero refer- 
ence points are approximate, and ar- 
tificial pressure gradients between 
abdomen and thorax may develop if 
there is ascites or gaseeus abdominal 
distention. The latter gradients may 
be interpreted incorreetly as being 
due to increased intrahepatic resis- 
tance if either right atrial pressure or 
the externally estimated position of 
the right atrium is used as a zero ref- 
erence point. With the use of the free 
hepatic vein or inferior vena cava as a 
reference point, the range of WHVP 
found in portal hypertension is 5 to 25 
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mm Hg, the great majority of mea- 
surements falling between 10 and 20 
mm Hg. There have been insufficient 
measurements of the range of normal 
WHVP; probably it does not exceed 4 
mm Hg.’ 

It is important to emphasize that 
the identity of WHVP and PVP has 
been established only in alcoholic 
liver disease. Probably, the two pres- 
sures are identical or nearly so in pa- 
tients with chronic, active liver dis- 
ease or cryptogenic cirrhosis, though 
more comparison measurements are 
required before we can be certain of 
this. No comparisons are available in 
many of the rarer disorders that 
cause portal hypertension. In some of 
these conditions, there may be an 
important element of presinusoidal 
vascular block that is probably not 
reflected in the wedge pressure 
measurement. 

Wedged hepatic vein pressure mea- 
surement is moderately useful in pa- 
tients being considered for porto- 
systemic shunt surgery. Judging 
from our experience, levels should 
range from 10 to 25 mm Hg above in- 
ferior vena caval pressure in patients 
with alcoholic liver disease or nonal- 
coholic cirrhosis. Anything less than 
10 mm Hg would be most unusual and 
would suggest that (1) esophageal 
varices were not the source of a previ- 
ous gastrointestinal hemorrhage or 
(2) an unusual type of portal hyper- 
tension is present with presinusoidal 
vascular resistance increase or with 
portal vein obstruction. Very rarely 
we have seen patients, but others 
have described them in the literature, 
who have intrahepatic portal hyper- 
tension with spontaneously devel- 
oped, large splenorenal collateral ves- 
sels that have decompressed the 
portal vein to an unusual degree. In 
such patients, we have seen WHVP 
levels as low as 7 mm Hg above vena 
caval pressure in the presence of 
esophageal varices. 

Probably because of variable de- 
grees of decompression of the portal 
bed by collateral vessels in patients 
with intrahepatic portal hyperten- 
sion, we have not found the actual 
level of WHVP to be useful in pre- 
dicting future variceal hemorrhage, 
providing the initial level is above 10 


mm Hg. Similarly, Viallet and co- 
workers,” on the basis of numerous 
measurements of WHVP, believe 
that most patients who bleed from 
varices will have pressure levels 
above 10 mm Hg. 

Portal pressure has been shown to 
decrease in alcoholic liver disease as 
episodes of acute alcoholic hepatitis 
improve.“ When prophylactic portaca- 
val shunting was popular, we consid- 
ered it useful to repeat WHVP after 
three months of abstinence in alco- 
holic patients who were being consid- 
ered for portacaval shunt. It is quite 
unlikely, however, that there will be 
any substantial, spontaneous de- 
crease in portal hypertension in pa- 
tients with well-developed varices 
that have bled. : 

We consider WHVP very helpful in 
the preoperative assessment of pa- 
tients whose source of upper gas- 
trointestinal hemorrhage is uncertain 
or in patients whose esophageal vari- 
ces may be due to extrahepatic portal 
vein block. Finding a WHVP of less 
than 10 mm Hg above vena caval 
pressure would be an indication for 
further evaluation of the portal sys- 
tem with splenoportography or um- 
bilical portography. 


Hepatic Blood Flow 


Though additional substances such 
as indocyanine green and radioactive 
colloids have been used, there has 
been no important improvement in 
the clearance technique for hepatic 
blood flow measurement since the 
original publication of Bradley and 
colleagues' who used a continuous 
infusion of bromsulphalein. Unfortu- 
nately, the accuracy of this method 
decreases as hepatic extraction of the 
test substance diminishes with ad- 
vancing hepatic disease. In many pa- 
tients who are candidates for porto- 
systemic shunt, therefore, accurate 
hepatic blood flow measurement by 
clearance methods is not possible. In 
general, total hepatic blood flow is be- 
lieved to diminish in intrahepatic por- 
tal hypertension, probably due to re- 
duction of the portal blood flow and 
increased collateral flow out of the 
portal bed. Even when total flow is 
not reduced, the effective blood flow 
to hepatocytes may be lessened when 
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Fig 1.—Simultaneous measurements of wedged hepatic vein pres- 
sure (WHVP) and portal vein pressure (PVP) in patients with alco- 
holic liver disease (closed circles), cryptogenic cirrhosis (open cir- 
cles), and chronic active liver disease (open squares). Portal vein 
entry was achieved by umbilical vein catheterization. Zero reference 
point for pressure recording was inferior vena caval pressure. 


Fig 2.—Wedged hepatic vein pressure (WHVP) levels (mm Hg 
above inferior vena caval pressure) after portacaval shunt in rela- 
tion to clinical course of patients. Group-A patients were considered 


to have a very favorable course (no encephalopathy, no hepatic fail- 
ure, lived at least three years). Group B had a moderately favorable 
course without recurrent encephalopathy, lived at least three years, 
and had hepatic failure only in association with return to alcohol- 
ism. Group-C patients developed recurrent hepatic encephalopathy, 
usually within one to three years of surgery. Group-D patients were 
difficult or impossible to place in above categories because of in- 
complete follow-up or, more often, because of early recurrent alco- 
holism with associated hepatic failure. 


a portion of the inflow to the organ is 
routed through functionless, intra- 
hepatic anastomoses. Recently, the 
indicator dilution method has been 
applied to hepatic blood flow mea- 
surement with injection of indicator 
into the hepatic artery and sampling 
in the hepatic vein.’*? This method is 
not dependent on hepatic function; it 
remains to be seen whether measure- 
ments preoperatively will be useful in 
selecting patients for shunt surgery. 

Most measurements of hepatic 
blood flow show a substantial de- 
crease after portacaval shunting. 
This reflects both loss of the portal 
component of hepatic blood flow and 
failure of the hepatic arterial flow to 
increase commensurately with the 
portal reduction. A greater fall in he- 
patic blood flow after side-to-side (SS) 
than end-to-side (ES) _ portacaval 
shunt’* correlates with other evidence 
that some hepatic arterial blood 
leaves the liver by retrograde flow in 
the proximal limb of the portal vein 
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after SS shunt. When liver disease is 
present, accurate hepatic blood flow 
measurement by a clearance method 
requires hepatic vein catheterization 
to assess extraction of the indicator; 
in some of the published studies on 
hepatic blood flow after portacaval 
shunt, hepatic vein catheterization 
was not performed. 

Warren and colleagues*®’ have pos- 
tulated that patients with normal or 
increased hepatic blood flow should 
respond poorly to portacaval shunting 
because of sudden removal of a large 
amount of portal blood from the liver. 
Though this is a reasonable hypothe- 
sis, there are insufficient data pub- 
lished to establish this as a fact. In 18 
patients with alcoholic liver disease, 
we found no correlation between ei- 
ther the preoperative hepatic blood 
flow or the fall in hepatic blood flow 
after surgery and the subsequent 
clinical course.'*'* The actual value 
for postoperative hepatic blood flow 
did seem to have some predictive 


value; there were more poor clinical 
results in patients with values for he- 
patic blood flow below 600 ml/min.*? 


Portal Vein Blood Flow 


In line with the concept of Warren 
and colleagues that sudden removal 
of a large volume of portal blood flow 
from the liver may be poorly toler- 
ated, Maillard and co-workers” found 
a higher operative death rate in pa- 
tients whose preshunt portal blood 
flow, measured at surgery by flowme- 
ter, was over 800 ml/min. A logical 
corollary is that patients who already 
have marked reduction in portal blood 
flow might undergo portacaval shunt- 
ing with minimal physiological dis- 
turbance. Still uncertain is the pro- 
portion of candidates for shunt 
operations who have marked reduc- 
tion in portal flow. When a clamp is 
placed across the portal vein at sur- 
gery, one expects the pressure to 
build up on the intestinal side of the 
clamp and fall on the hepatic side if 
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portal blood is flowing into the liver. 
Failure of pressures to behave this 
way has been taken as evidence of re- 
versal of portal flow. Warren and 
Muller* found this type of pressure 
change in three of seven patients and 
pestulated that reversal of portal 
flow was a common event in cirrhosis. 
Subsequent evidence, however, has 
indicated that it is uncommon. In a 
later publication in 1968, Warren et 
al’ found evidence of reversal of por- 
tal flow by pressure measurement in 
only six of 71 patients. Mikkelsen et 
al’* had similar findings in seven of 61 
patients and McDermott” in two of 
100 patients. In a total of 137 patients 
tested at surgery with the electro- 
magnetic flowmeter, only two pa- 
tients showed evidence of reversal of 
pertal flow.*':*:*° Seven of 85 patients 
examined by Moreno and co-workers? 
had relatively stagnant portal flow. 
In about 6% of patients, there is fail- 
ure of opacification of the portal vein 
on splenoportography,**' probably 
indicating portal stasis. The available 
data indicate, therefore, that portal 
inflow is reduced in cirrhosis to a vari- 
able degree but that in only 5% to 15% 
of patients will there be a marked de- 
crease in portal flow. 

If portaeaval shunt surgery were 
limited to the relatively small number 
ef patients with stagnant portal flow, 
the operation could not be applied to 
the majority of patients who suffer 
from variceal bleeding. However, in 
the hope that some critical level of 
portal flow could be defined below 
which the shunt would be well toler- 
ated, it should be worthwhile to make 
portal flow measurements preopera- 
tively in a large number of patients. 
Several new methods for portal flow 
measurements have been devised re- 
cently. Most of these utilize the tech- 
nique of umbilical cannulation to gain 
entrance into the portal vein for 
bloed sampling purposes. Umbilical 
eannulation can be accomplished by a 
skilled team in a high percentage of 
patients without general anesthe- 
sia.™™=3 The immediate risk is not 
high, though it remains to be deter- 
mined whether intrahepatic portal 
vein thrombosis will occur in any sub- 
stantial number of patients. 

Stone and colleagues** compared 
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xenon concentrations in the hepatic 
vein and portal vein after adminis- 
tering a solution of xenon in the 
duodenum. Total hepatic blood flow 
was measured with indocyanine 
green in the standard manner. The 
proportion of total hepatic blood flow 
attributable to the portal vein was 
deduced from comparing the portal 
vein and hepatic vein xenon concen- 
trations. Recirculation of xenon is 
minimal because of rapid pulmonary 
excretion. 

Huet et al have compared indica- 
tor dilution curves for ` Cr-labeled 
red blood cells in portal vein and he- 
patic vein after injection of a bolus 
into the superior mesenteric artery. 
The portal fraction of the total he- 
patic blood flow can be calculated 
from comparison of the two curves. 
Total hepatic blood flow then can be 
measured separately. 

Strandell and colleagues** have 
been able to insert multiple catheters 
into different branches of the portal 
vein through an umbilical approach. 
By infusing xenon continuously in a 
peripheral portion of the portal bed or 
in the splenic artery and measuring 
its concentration in the portal vein 
adjacent to the liver, they have been 
able to calculate portal flow. Sim- 
ilarly, hepatic vein flow can be calcu- 
lated from the hepatic vein xenon 
concentration during constant infu- 
sion. Hepatic artery flow is the differ- 
ence between these two determina- 
tions. Absolute flow measurements 
cannot be calculated by this technique 
in patients with portal hypertension 
because of potential loss of indicator 
between the injection and sampling 
site. However, relative portal and he- 
patic vein flows can be calculated, as 
in the above techniques, and then a 
separate method can be used for cal- 
culation of total hepatic blood flow. 

Reichle and colleagues” estimated 
portal vein flow by placing a catheter 
through the umbilical vein into a dis- 
tal branch of the portal system, then 
injected iodized oil, and recorded the 
velocity of the droplets as well as the 
anteroposterior and lateral diameters 
of the portal vein on high-speed cine- 
fluorography. Portal flow was then 
calculated by multiplying the mean 
linear velocity of the droplets by the 


average cross-sectional area of the 
portal vein. 

Groszmann et al have compared 
isotope dilution curves in the hepatic 
vein after injection of iodinated I 131 
serum albumin into the hepatic ar- 
tery, splenic artery, and superior mes- 
enteric artery. Portosystemic shunt- 
ing of blood from the splenic or 
mesenteric circulation is indicated 
when the area under the dilution 
curve is smaller after splenic or supe- 
rior mesenteric injection than after 
hepatic injection. Failure of isotope to 
appear at all in the hepatic vein on 
the first circulation after both splenic 
and superior mesenteric injection is 
indicative of total shunting of portal 
blood. Though Groszmann’s technique 
seems valid theoretically, it is dis- 
turbing that they found evidence of 
total portal shunting in 41% of 27 pa- 
tients with cirrhosis whom they stud- 
ied. This is a far higher percentage 
than suggested by the techniques dis- 
cussed earlier in this report. 

None of the above methods has yet 
been used in a large number of pa- 
tients but all seem feasible, albeit 
with considerable technical expertise 
required. Hopefully, within the next 
few years, this methodology will be 
applied in a sufficient number of pa- 
tients undergoing portacaval shunt 
that we will know whether there is 
any critical level of portal vein flow 
above which bad clinical results with 
portacaval shunting can be predicted. 


Hepatic Artery Flow 
and Its Response 
to Portal Diversion 


Indirect and approximate tech- 
niques for hepatic artery flow mea- 
surement in the past have indicated 
that it provides approximately one 
third of the total hepatic blood 
flow." Direct measurements by 
electromagnetic flowmeter at surgery 
with the patient under anesthesia in 
a total of 54 patients with portal hy- 
pertension have given values ranging 
from 91 to 1,100 ml/min with a mean 
of 414 ml/min.**:***"*? After portal 


vein clamping or completion of a por- — 


tacaval shunt, hepatic artery flow in- 
creased on the average 20%, 48%,” 
48%,“ 60%,° and 105%.** There was 
considerable variation in the degree 
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of increase from patient to patient, 
ranging from 0 to more than 100% in- 
crease. Burchell et al commented on 
an apparent relationship between a 
marked increase in hepatic artery 
flow after SS shunt and a good clini- 
cal result from the operation. In other 
publications reporting hepatic artery 
flow data, it is not possible to compare 
the individual changes with the clini- 
cal result of the surgery. 

Zimmon and Kessler have at- 
tempted to evaluate the potential in- 
crease in hepatic artery flow after 
portacaval shunt and to use the data 
to predict the clinical result of sur- 
gery. They have cannulated the por- 
tal vein by the umbilical approach, 
using local anesthesia, and have 
recorded the response of WHVP to 
pumping blood in or out of the portal 
vein. This technique derived from 
their experience in filtering parasites 
from the portal blood in schistoso- 
miasis.** In normal subjects, there 
was little change in WHVP in spite 
of large changes in volume of blood 
pumped in or out of the portal vein. 
In patients with cirrhosis who be- 
haved similarly (type A), it was pos- 
tulated that the hepatic artery was 
responsive and increased or decreased 
its flow in relation to portal vein in- 
put. Patients who showed marked 
change in WHVP with portal diver- 
sion (type B) were assumed to have 
reduced capacity to increase hepatic 
artery flow. In 16 patients, clinical re- 
sults of portacaval shunting corre- 
lated well with the preoperative 
classification of patients as type A or 
type B.* The four with the type B re- 
sponse to portal diversion did poorly. 
Zimmon and Kessler hypothesize that 
this is because of inability of the he- 
patic artery to increase its flow in re- 
sponse to removal of the portal vein 
input. 

Our postoperative hepatic vein 
catheterization data should be of 
some use in testing the hypothesis of 
Zimmon and Kessler. In general, pa- 
tients with the highest values for 
WHVP postoperatively should have 
higher values for hepatic blood flow 
and should be those with the most re- 
sponsive hepatic artery. In line with 
this, we have found that patients who 
develop ascites after end-to-side por- 
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tacaval shunt tend to have higher 
postoperative WHVP levels than 
those who do not.* Unfortunately, we 
can find no correlation between post- 
operative clinical course and WHVP 
level (Fig 2). However, these data 
have to be interpreted cautiously 
since it is often difficult in alcoholic 
patients to decide whether a poor 
postoperative course is the result of 
the shunt or of continued alcoholism. 


Comment 


Portosystemic shunt will never be 
an ideal surgical operation because it 
is unphysiological in at least two ma- 
jor ways. First, it increases shunting 
of blood from the bowel to the sys- 
temic circulation, bypassing the de- 
toxifying action of the liver. Proba- 
bly, the colonic venous drainage is 
most damaging in this regard. Sec- 
ond, it removes some or all of the por- 
tal inflow to the liver. The relative 
contributions of these physiological 
alterations to the two major bad clini- 
cal sequelae of shunting—hepatic fail- 
ure and recurrent hepatic encephalop- 
athy—are uncertain. 

Little can be done about the first of 
these problems since it seems impos- 
sible to devise operations that will 
shunt only the blood returning from 
the spleen and upper gastrointestinal 
tract while keeping colonic blood 
flowing into the liver. The second 
problem, however, has potential solu- 
tions. We can choose procedures that 
provide the least diversion of portal 
flow and yet enough reduction in col- 
lateral flow to stop variceal bleeding. 
The distal splenorenal shunt devel- 
oped by Warren and colleagues“ or 
one of its modifications** or the sple- 
nocaval shunt of Teixeira et al may 
prove to be such an operation. Using 
one of the preoperative measure- 
ments discussed, we could reserve 
portacaval shunt for patients who al- 
ready have marked reduction in por- 
tal flow or who show marked increase 
in hepatic arterial flow with portal di- 
version or clamping. An alternative 
way of preserving hepatic blood flow 
while completely relieving portal hy- 
pertension is portacaval transposi- 
tion. This operation has been shown 
to be technically feasible in man.*’?! 
Arterialization of the portal vein in 


conjunction with portacaval shunt 
also has some promise of technical 
success®**** and is theoretically attrac- 
tive. 

While new approaches are being 
devised and tested, recurrent bleed- 
ing from esophageal varices contin- 
ues to present a very serious clinical 
problem for which the unphysiological 
portosystemic shunt remains the 
best available solution. 


Nonproprietary Name 
and Trademarks of Drug 


Iodinated I 131 serum albumin—Albumo- 
tope I 131, IHSA I 131, Risa-131. 
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Hyperdynamic States and tł 


The ability of the cirrhotic patient to with- 
stand the acute stress of variceal hemor- 
rhage or necessary portal decompressive 
surgery is shown to be related to the 
adequacy of the cardiovascular and cardio- 
respiratory interrelationships. Based on a 
multivariable statistical analysis of 17 vari- 
ables in 28 patients and 81 controls, three 
different hyperdynamic cardiovascular states 
are described in cirrhotic patients: (1) a con- 
trol hyperdynamic state characterized by an 
increased cardiac output, without evidence 
of abnormal peripheral vascular or pulmo- 
nary dysfunction; (2) a balanced hyper- 


n understanding of the interre- 
lationship between circulatory 
demands and cardiovascular capabili- 
ties is fundamental to the proper 
management of the patient with cir- 
rhosis and portal venous hyperten- 
sion, as there are few other diseases 
in which the dynamic interaction be- 
tween heart and peripheral vascular 
function is a more critical deter- 
minant of patient survival. The care- 
ful prospective statistical studies of 
Jackson and his colleagues' have con- 
firmed the original clinical observa- 
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dynamic response to stress in which a fur- 
ther increase in cardiac output is usually 
compensated for by an adequate increase in 
myocardial contractility and oxygen con- 
sumption; and (3) an unbalanced hyper- 
dynamic stress state in which there is 
evidence of severe peripheral vascular 
abnormality, impaired oxygen extraction, 
and a tendency to the development of high- 
output cardiac failure. 
Guidelines for the clinical recognition of 
these states and a rational basis for specific 
cardiorespiratory therapy are discussed. 


tions** that portal decompressive 
surgery will lengthen the life span of 
the cirrhotic patient who has had a 
previous hemorrhage from esoph- 
ageal varices, This generally optimis- 
tic view of the long-term value of por- 
tal decompression has had to be 
qualified by the realization that sur- 
vival of the cirrhotic patient in the 
immediate postoperative period is a 
function of the degree of hepatic fail- 
ure, meted by abnormalities in the 
biochemical indices of liver func- 
tion,’ *° and the capacity of the cardi- 
ovascular system to compensate for 
the increased circulatory demands 
imposed by the stress of operation. ®-™ 

A number of investigations have 
attempted to explore the significance 
of various indices of hepatic and por- 
tal venous flows and pressures*'?-" 
and a variety of modifications of the 


basic end-to-side portacaval shunt 
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and Portal Hyperzension 
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have been predicted on these data as 
being correlated with improved pa- 
tient survival.*'™'*'* Unfortunately, 
few of these investigations have pro- 
dueed statistically significant data re- 
lating the style or point of portal 
venous decompress on to patient sur- 
vival. Although there is some sug- 
gestive evidence tiat very poor-risk 
patients may profit by a portal de- 
cempressive eperation that produces 
hepatic decompression as well,'’ the 
cerrelation is of only borderline sig- 
nificance. More recently, the studies 
of Smith have suzgested that none 
of the present techniques of measure- 
ment of hepatic hemodynamics pro- 
vide meaningful prognostic infor- 
mation regarding survival after 
operation. 

However, the observations of Del 
Guercio et al? amd Siegel et al,’°" 
while providing nc guide to the type 
of portal decompression, have shown 
that the short-term, postoperative 
pregnosis of the cirrhotic patient 
with portal hypertension is directly 
related to the preoperative levels of 
peripheral and pulmonary arterio- 
venous shunting and the adequacy of 
myocardial functicn. 

The purpose of tais study is to eval- 
uate the nature and pattern of cardio- 
vascular and cardiorespiratory inter- 
actions in patients with cirrhotic 
liver disease and portal hypertension. 
Those aspects of Greulatory function 
that have the greatest influence in 
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determining the immediate survival 
of the cirrhotic patient under stress 
are also defined. An effort has been 
made to delineate quantitative guide- 
lines for the direction of cardio- 
pulmonary therapy in the various hy- 
perdynamic states that characterize 
the circulatory response patterns in 
cirrhotic liver disease. 


Methods 


The data used in this study were derived 
from a computer-based bank of multivar- 
iate data sets obtained by serial physio- 
logic studies in 81 preoperative (control) 
general surgical patients who had neither 
cirrhotic or other liver disease, myocardial 
infarction, nor any form of shock and from 
28 patients with cirrhotic liver disease and 
portal hypertension. The resulting data 
base used for analysis contained 336 mul- 


tivariable patient data sets, 125 from the: 


control noncirrhotic patients and 211 from 
cirrhotic patients with portal hyperten- 
sion. Each primary data set was composed 
of 50 to 200 separate items of clinical, ther- 
apeutic, or physiologic significance. From 
this larger set, 11 variables were used for 
classification of the physiologic status of 
the cirrhotic patients: cardiac index, mean 
blood pressure, arteriovenous oxygen dif- 
ference, heart rate, ejection time, central 
venous (right atrial) pressure, mixed 
venous pH, mixed venous oxygen tension 
(Po.), mixed venous carbon dioxide tension 
(Pco.,), and two variables which quantify 
information extracted from the shape 
characteristics of the dye-dilution curve 
concerning the cardiopulmonary mixing 
and dispersion of indicator in the central 


circulation.” These last two factors, the 
mixing mean transit time and the dis- 
persive mean transit time, were derived 
from a mathematical model fitted to the 
dye curve.™ The mixing time has been 
shown to be directly related to the dura- 
tional aspects of left ventricular pressure 
development and to be a correlate of 
changes in ventricular contractility. It ap- 
pears to be a useful guide to the level of 
myocardial function in human shock.” The 
dispersive time has been shown to reflect 
the mean transit time through the small 
vessels of the pulmonary vascular bed.” To 
provide both a frame of reference and a 
scale for the description of physiologic 
states, the means and standard deviations 
of the control group of noncirrhotic pa- 
tients were used as the normalizing factors 
for the entire population. 

The methods used for analyzing this 
type of multivariable physiologic data 
have been previously described in detail in 
a study of patients with various shock 
states. By this technique, each multi- 
variable patient data set was defined on the 
basis of these 11 significant physiologic 
variables. Each set was then subjected to a 
cluster analysis that grouped similar mul- 
tivariable data sets into five physiologic 
patterns. The patterns described a control 
state for high-risk patients (R state) and 
four states (A, B, C, and D) that cate- 
gorized the nature and severity of the 
process in septic, hypovolemic, and cardio- 
genic shock. The five states thus defined 
regions in a multidimensional continuum 
in which the patterns of pathophysiologic 
interactions were similar for all patients. 
The state classifications were then used as 
a shorthand means of describing a pa- 
tient’s condition in physiologic terms. 
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Using these quantitatively defined regions, 
we have, in the present study, similarly 
classified patients with cirrhosis and por- 
tal hypertension. Our purpose has been to 
gain additional information on the patho- 
logic process that might be of use to the 
physician. 

In an attempt to understand the pat- 
terns found in patients with cirrhotic liver 
disease and portal hypertension, similar 
multivariable data sets were classified ac- 
cording to the state regions described 
above and referenced with regard to their 
quantitative pattern of similarity, or dis- 
similarity, to the normalized multivariable 
means of the previously defined R-state 
control group of high-risk, but noncir- 
rhotic, preoperative general surgical pa- 
tients.” Using the original 11 variables for 
purposes of classification, six other vari- 
ables providing information concerning 
respiratory and metabolic function were 
also analyzed in each physiologic state, 
making a total of 17 variables for analysis. 
These were the arterial pH, Pco,, and com- 
puted bicarbonate, the ratio between the 
alveolar-arterial oxygen gradient and the 
arterial Po., and the oxygen consumption 
and carbon dioxide production per square 
meter of surface area. These last two vari- 
ables were computed on the basis of the ar- 
teriovenous content difference times the 
cardiac index. Each of these additional pri- 
mary or computed variables was obtained 
at the same time as the original 11 used to 
classify the patient’s physiologic state. The 
means and standard deviations shown in 
Tables 1 and 2 were derived from patient 
samples containing all 17 variables. 


Results 


Physiologic Patterns in Cirrhotic 
Liver Disease With Portal Hyperten- 
sion.—Patients with cirrhotic por- 
tal hypertension were found to have 
physiologic patterns qualitatively 
similar to those described in previous 
studies in shock states, although 
there were certain quantitative dif- 
ferences. 

The actual values of the variable 
means and the number of standard 
deviations of the normalized vari- 
ables from the reference group of 
control preoperative noncirrhotic pa- 
tients (R) are shown in Tables 1 and 
2. The patterns of abnormalities of all 
17 variables examined that are char- 
acteristic of each group are shown in 
Fig 1. 

The three main hyperdynamic pat- 
terns of cardiovascular compensation 
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found in cirrhotic patients with portal 
hypertension can be classified as fol- 
lows: (1) R state, a basal or control 
hyperdynamic cardiovascular re- 
sponse pattern in which an increased 
cardiac output is present, unasso- 
ciated with any evidence of abnormal 
peripheral vascular or pulmonary dys- 
function; (2) A state, a balanced hy- 
perdynamic state in which there is 
evidence of a sympathetic response to 
stress and, generally, increased myo- 
cardial contractile function. In this 
state, the level of peripheral blood 
flow appears to adequately satisfy the 
increased peripheral needs; and (3) B 
state, an unbalanced hyperdynamic 
state in which the severe peripheral 
vascular abnormalities are not ade- 
quately compensated and there is evi- 
dence of impaired oxygen extraction 
and a tendency of high-output cardiac 
failure. 

Basal Response Pattern (R-State 
Liver Patients).—A substantial num- 
ber of cirrhotic patient samples (22%) 
were found to be similar in pattern to 
the means of the R group of preoper- 
ative high-risk control patients. The 
only physiologic differences in the 
means between the controls and the 
R group of cirrhotic patients were an 
increase in the cardiac index and a 
modest decrease in the cardiac mix- 
ing time. While not statistically dif- 
ferent from the reference controls, 
the differences in the means of the 
basal (R) liver patients are of phys- 
iologic interest since they are com- 
patible with observations of Kowalski 
and Abelman” and others'”"''* that 
even well-compensated patients with 
cirrhotic liver disease tend to have in- 
creased levels of cardiac output and 
perhaps also function at a somewhat 
higher level of myocardial contractile 
function without a significant in- 
crease in heart rate. 

Clinically, the R state was gener- 
ally found in cirrhotic patients stud- 
ied during a stable period remote in 
time from previous episodes of esoph- 
ageal hemorrhage. These patients 
were usually elective cases for por- 
tal decompression studied immedi- 
ately prior to operation, although oc- 
casionally an R state was found in the 
immediate postanesthesia recovery 
period after portal decompression, 










+1SDfromR 


(Control) 

R-Control 125 

R-Cirrhotic 47 
(Basal) 

A-Cirrhotic 119 
(Hyperdynamic) 

B-Cirrhotic 32 
(Hyperdynamic) 


but prior to development of a hyper- 
dynamic state. As a rule, R-state cir- 
rhotic patients had a preoperative 
pattern of liver function tests which 
would place them in a Child class A or 
B category. 

Balanced Hyperdynamic Response 
(A-State Liver Patients).—By far the 
most common response pattern found 
in the cirrhotic patient with portal 
hypertension was a balanced hyper- 
dynamic response (56% of samples) 
similar to the A state found in pa- 
tients with sepsis or that seen in the 
posttraumatic recovery period.™ As 
can be seen in Tables 1 and 2 and Fig 
1, the significant physiologic features 
of this hyperdynamic A-state re- 
sponse pattern, compared to the R- 
group noncirrhotic controls, were 
found in the increase in cardiac index 
and heart rate and the corresponding 
decrease in cardiac ejection time. 
There were also important decreases 
in cardiac mixing time and pulmo- 
nary dispersive time, suggesting a 
more dynamic myocardial function 
and a more rapid pulmonary mean 
transit time. The mixed venous Po, 
and oxygen consumption and carbon 
dioxide production per square meter 
were unchanged, and there was no 
evidence for peripheral acidosis 
(mixed venous pH equal to control). 
All these data suggest an increased 
cardiac dynamic response propor- 
tional to peripheral needs. 

The A state is characteristic of the 
compensated response of the cirrhotic 
patient under stress. It is frequently 
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ible 1.—Cardiovascular Patterns in Cirrhotic Liver Disease With Portal Hypertension* 


Arteriovenous Heat Rate,T Mixing Dispersive 


Mean Blead O-z Difference,t Beats per Ejection Central Venous Venous pH, Venous Venous Mean Transit Mean Transit 
ssure,t mm Hg vol % Minute Time,t sec Pressure,t mm Hg Units Poz» mm Hg Pcoz,mmHg Time,sec Time,t sec 
C.0947= 0.165¢ 0.070} 0.0604 0.520} 0.065 10.86 9.57 0.1624 0.122+ 
87 4.1 78 0.29 2.2 7.42 37 41 4.6 4.9 
(0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) 
86 3.4 80 0.29 2.9 7.44 40 39 3.1 3.7 
(—0.01) (—0.51) (0.01) (0.11) (0.25) (0.27) (0.29) (—0.22) (—1.06) (—0.95) 
76 3.4 109 0.21 2.8 7.43 38 39 2:7 2.9 
(—0.57) (—0.44) (L92) (—2.09) (0.23) (0.23) (0.07) (—0.21) (1.45) (—1.80) 
82 2.3 99 0.23 5.0 7.39 57 42 3.3 3.6 
(—0.25) (—1.50) (1.34) (—1.52) (0.71) (—0.49) (1.78) (0.05) (—0.92) (—1.10) 


* Numbers in parentheses below mean values are numbers of SDs of normalized variable from corresponding mean of R group. Level of 
+ 1.90 SD used as minimun leve! for consideration as physiologically significant difference between means. 
+ Mean values represent antilog of mean of log values. 


+ Normalizing factor for +1 SD applied to log value of corresponding R mean. 


Table 2.—Respiratory and Metabolic Patterns in Cirrhotic Liver Disease With Portal Hypertension 


Arterial 
Bicarbonate, 
mm /liter 


5.62 


Arterial 
pH, 
Units 

0.067 


CO, Production/sq m, 
mi/min/sq m 


Alveolar-Arterial O2 
Gradient/Arterial Poz 


O: Consumption/sq m, 
mi/min/sq m 


Arterial Pcoz, 
mm Hg 
+1 SD frem R 
(Control) 


RContro!l 7.43 
(0.0) 
R*Cirrhotic ? 33 7.46 
(Basal) (—0.20) (0.15) 
AeCirrhotic 33 7.46 
(Hyperdynamic) (—0.14) (0.11) 
B-Cirrhotic 36 7.41 23 
(Hyperdynamic) (0.21) (—0.59) (—0.19) 


* Normalizing factor for + 1 SD applied to 10g value of corresponding R mean. 


24 
(0.0) 
24 
(—0.06) 
23 
(—0.08) 





seen early in the course of an esoph- 
ageal variceal hemcrrhage before he- 
patic decompensatien occurs. It is also 
the most commonly seen postopera- 
tive hyperdynamic state developing 
in the cirrhotic patient who does well 
following portal d2compressive sur- 
gery. It is more characteristic of 
Child class A or B patients, but is 
oeeasionally found in Child class C 
patients. 

Wnbalanced Hiperdynamic Re- 
sponse (B-State Liver Patients).—The 
cirrhotic patient w10 is slipping into 
hepatic decompensation frequently 
manifests an umbalanced hyper- 
dynamic response (15% of samples) 
that is similar to tnat seen in severe 
sepsis or septic saock.*’** The dis- 
criminating features of this decom- 
pensating response pattern, as shown 
in Tables land 2 and Fig 1, are found 
in the narrowing o` the arteriovenous 
oxygen content difference and the 
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corresponding rise in the mixed 
venous oxygen tension. The increase 
in cardiac index and heart rate and 
the decrease in cardiac ejection time 
are similar to those found in the other 
cirrhotic states, but are somewhat 
smaller in magnitude. In addition, 
the decrease in cardiac mixing time 
and dispersive time are also smaller 
than those seen in the A state, and 
taken together with the changes in 
cardiac pump function, suggest that 
the heart’s ability to respond to stress 
may be somewhat impaired. Finally, 
although not a significant feature of 
the disease pattern, B-state cirrhotic 
patients frequently show evidence of 
a fall in the mixed venous pH and 
evidence of metabolie acidosis. In- 
dividual B-state patients also may 
demonstrate a reduction in oxygen 
consumption, though this is not a 
characteristic aspect of the B-state 
cirrhotic as it is in the unbalanced 


septic shock patient. However, as the 
B-state cirrhotic patient becomes 
clinically sicker, he comes to resemble 
the severely ill B-state septic patient. 

Shifts to the left in oxygen hemo- 
globin dissociation curve are common 
in B-state liver disease patients, as 
is biochemical evidence of severe he- 
patic impairment. This is also the 
pattern most commonly found in pa- 
tients manifesting the hepatorenal 
syndrome. The unbalanced hyperdy- 
namic response pattern is common in 
Child class B and C cirrhotic patients. 
Taken together, all of these features 
suggest that the unbalanced hyper- 
dynamic state is compatible with a 
picture of microcirculatory arterio- 
venous shunting, with diversion of 
nutrient flow from some metabolizing 
capillary beds. 

Decompensated and Cardiogenic 
Failure States (C- and D-State Liver 
Patients).—Cirrhotic patients also 
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Fig 1.—Circle diagram of groups R, A, and B for 
patients with cirrhosis and portal hypertension. 
Dark circle (zero standard deviation) represents 
mean of reference group of high-risk, noncirrhotic 
patients; each numbered tic mark represents one 
standard deviation with respect to R. 
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may manifest a decompensated pat- 
tern characterized by respiratory in- 
sufficiency with or without an associ- 
ated metabolic acidosis (C state), or a 
state characterizec by profound myo- 
cardial failure similar to that seen in 
patients with cardiogenic shock (D 
state). The former is not uncommonly 
seen when a sever2 pulmonary septic 
precess is superimposed on the cir- 
rhotic pattern, and the latter is found 
in cirrhotic patients with profound 
cardiac failure or postcardiac arrest. 
While these patterns seem similar to 
the corresponding states previously 
reported in shock conditions,*** the 
number of patiert sample sets of 
these types available in this study 
was too small (7% of samples) to de- 
termine whether taere were any sig- 
nificant pattern differences in the 
cirrhotic patient compared with pre- 
viously studied noncirrhotics. How- 
ever, the development of either a C or 
D state in the cirrhotic patient with 
portal hypertension had a uniformly 
bad prognosis; all of the patients with 
samples of these types died. 
Physiologic Factors Influencing Mor- 
tality in Cirrhetic Patients With Portal 
Hypertension.—Cardiac Function.— 
The importance af cardiac compe- 
tency as a major faetor in the survival 
of the cirrhotic petient with portal 
hypertension has been noted by pre- 
vious observers.’’":" In analyzing 
these data, however, several points 
deserve emphasis. Figure 2 demon- 
strates the interrelationship between 
the cardiae index, representing the 
pump functions of the hear, and the 
cardiac mixing time, as an indicator 
of the effectiveness of myocardial 
contractile dymamies,”' in 211 obser- 
vations in 28 patients with cirrhosis 
and portal hypertension. The mean 
value for the R group noncirrhotic 
preoperative control patients is 
shown, as well as the mean value for 
the basal response pattern of the R- 
state liver patients. One very obvious 
point, as noted earlier, i that com- 
pared to R controls, the basal compen- 
sated cirrhotic patient group (R-liver) 
has a higher mean zardiac index and 
a shorter, more dynamic, mean car- 
diae mixing time. Tnese data suggest 
that the unstressed cirrhotic patient 
reguires a greater level of myocardial 
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contractile function simply to meet 
ordinary needs. 

The effect of an adequate cardiac 
function on mortality was evaluated 
by examining samples taken within 
48 hours of death compared to those 
obtained from surviving patients, or 
taken more than 48 hours before 
death. It is clear that while imminent 
deaths can occur in all physiologic re- 
gions, those patients who had both a 
low cardiac index and a depressed 
myocardial contractile function (pro- 
longed mixing time) had very little 
chance of survival. In contrast, portal 
hypertensive cirrhotics could tolerate 
a decrease in cardiac flow provided 
myocardial reserve was maintained 
at a high level (short mixing time). 
Conversely, patients who spontane- 
ously maintained, or who could be 
supported at, a higher level of flow 
tolerated significant degrees of myo- 
cardial depression, compared to the 
mean of the R-liver controls, presum- 
ably because coronary flow and nutri- 
ent flow to the heart were main- 
tained. The 48-hour deaths occurring 
at a high level of cardiac index with 
good cardiac dynamic function were 
generally due to hepatic or pulmonary 
failure in B- or C-state liver patients 
or pulmonary failure in A-state pa- 
tients. 

Cardiorespiratory Interactions.— 
Previous work” has suggested that 
one easily obtainable clinical index of 
the difficulty of pulmonary oxygen 
exchange is the alveolar-arterial oxy- 
gen gradient, normalized by the level 
of arterial oxygen tension to adjust 
for the fact that many of these pa- 
tients are breathing inspired gas 
mixtures with increased oxygen frac- 
tions. Except when the patient is 
breathing 100% oxygen fraction, 
when this ratio is directly related to 
percent of pulmonary venoarterial 
admixture, the ratio of alveolar-arte- 
rial oxygen gradient and arterial Po, 
reflects all the factors contributing to 
poor oxygen exchange between in- 
spired gas and blood. These include 
ventilatory inequalities between al- 
veoli, ventilation/perfusion dispar- 
ities caused by atelectasis, pulmo- 
nary alveolar fluid, or exudates, and 
alterations in the diffusion gradient 
between alveolar capillary and alveo- 


lar living cell membranes due to in- 
terstitial edema or membrane per- 
meability changes. 

In spite of this grouping of factors, 
or perhaps because of it, the oxygen 
exchange ratio appears to be a good 
discriminator of the severity of pul- 
monary impairment in shock. It is 
also a useful prognostic index when 
considered as a function of the corre- 
late of myocardial contractile func- 
tion, the cardiac mixing time. This re- 
lationship is shown in Fig 3 for 
patients with portal hypertension. 

As noted earlier (Table 1) the mean 
value for cardiac mixing time is re- 
duced from control (R) in the basal 
liver patients (R-liver), but the ratio 
of alveolar-arterial oxygen gradient 
and arterial Po, (Table 2) is essen- 
tially the same as that found in the 
high-risk control patients. However, 
the same type of relationship was 
found to hold in cirrhotic patients 
with portal hypertension as in other 
high-risk patients, except that the 
key value for cardiac mixing time is 
shifted to a lower, more dynamic 
function value. Whereas the non- 
cirrhotic high-risk patients seem to 
tolerate a cardiac mixing time as low 
as 6.5 seconds before significant 
mortality occurs (in the absence 
of severe impairment in oxygen ex- 
change), the cirrhotic patients with 
portal hypertension appear to have a 
higher mortality due to cardiac fac- 
tors where the cardiac mixing time is 
greater than the mean value for the 
R cirrhotic group (3.1 seconds). 

Otherwise, the same general rela- 
tionship appears to hold: while poor 
respiratory exchange of oxygen or 
poor myocardial function alone have a 
poor prognosis in the cirrhotic pa- 
tient, the combination of the two is 
extremely lethal within 48 hours un- 
less corrected by therapeutic means. 
It is of interest that many, though by 
no means all, of the patients with 
poor myocardial function, increased 
cardiac output, and high ratios of al- 
veolar-arterial oxygen gradient and 
arterial Po, fell into the unbalanced 
B-state pattern, even though an in- 
creased oxygen exchange ratio is not 
a characteristic feature of the B-state 
cirrhotic pattern. Others were in the 


A state, but appeared close to an A-B 
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Fig 2.—Cardiac index as function of cardiac mixing time for pa- 
tients with cirrhosis and portal hypertension. Samples marked with 
bold D were taken within 48 hours of death. Mean for R group of cir- 
rhotic and portal hypertensive patients marked as liver R mean 
(heavy line), compared to control R mean for noncirrhotic high-risk 
patients (dotted line). 
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Fig 3.—Alveolar-arterial oxygen gradient Po, ratio as function of 
cardiac mixing time. Samples labeled with bold D taken within 48 
hours of deaths. Means of liver R and control R groups designated 
as indicated in Fig 2. 


Fig 4.—Arterial bicarbonate pH and Pco, diagram. Region of control R group is compared with region of liver R group 
for patients with cirrhosis and portal hypertension. Left, Samples taken within 48 hours of death labeled with a bold D. 
Right, Classification by hyperstate group (note distribution of C- and D-state patient samples). Regions containing samples 
from high-risk noncirrhotic controls (R Control) and from basal state cirrhotic patients (R Liver) are circled for comparison. 
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transition. This combination of im- 
paired peripheral vascalar tone and 
oxygen consumption, increased pul- 
monary venearterial admixture, and 
myocardial failure hes been com- 
mented on by several authors®'©" but 
has not been previously classified as 
an aspect of a particular response 
pattern. 

Acid-Base Balance —The impor- 
tance ef factors producing abnormal- 


ities in acid-base balance is shown in | 


Fig 4. The standard relationship be- 
tween arterial pH, Peo., and bicar- 
bonate is shown, with the patient 
samples labeled by 48-hour mortality 
(left) or physiologic state (right). 
While the number of data points is 
too small te be statistically signifi- 
cant, these figures suggest that al- 
though cirrhotic patients appear to 
tolerate a considerable range of 
metabolic acid or base and a signifi- 
eant degree of pH disparity, es- 
pecially alkalosis, with reasonable 
equanimity. respiratcry impairment 
severe enough to produce CO, reten- 
tion (C state) has a very poor progno- 
sis Similarly, a major degree of 
metabolic acid, even if arterial pH is 
partially cempensated for by hyper- 
ventilation with resulting decrease in 
Pco., is alse poorly tolerated, regard- 
less of physiologic state. 

Cardiac Function and Patterns 
of Peripheral Function in Hyper- 
dynamic States.-The major dis- 
criminating factor separating pa- 
tients in the balanced hypercynamic 
state (A-state liver) from those in the 
unbalanced hyperdynamic state (B- 
state liver) is related to the adequacy 
of oxygen extraction as a function of 
the total bedy blood fiow (Fig 1). This 
is reflected in the narrow arterio- 
venous oxygen difference and in- 
creased mixed venous oxygen tension 
found in the B-state hyperdynamic 
patient group (Table 1). The degree 
of oxygen extraction in any physio- 
logic state is a function of body 
flow, which is importantly influ- 
enced by the adequacy of myocardial 
contractile dynamics. 

As seen in Fig 5, with decreasing 
myocardial function (lengthening 
mixing time) the arteriovenous oxy- 
gen difference widers in both A- and 
B-state cirrhotic patients, reflecting 
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Fig 5.—Arteriovenous oxygen content difference as function of cardiac mixing time. Sam- 
ples labeled with bold D taken within 48 hours of death. Region of B-state patients indicated 
as generally falling below curved dotted line. Remaining points are from patients in R or A 
states. Means for control R and liver R reference groups indicated as in Fig 2. 


a general decline in cardiac output. 
However, at any given level of car- 
diac mixing time, the resultant wid- 
ening in the arteriovenous oxygen 
difference will be less for the B-state 
cirrhotic than for the A-state patient. 
This probably reflects the fact that 
B-state hyperdynamic patients have 
increased peripheral arteriovenous 
shunting with a greater nonnutrient 
and a lower oxygen extraction than 
do patients in the balanced (A-state 
liver) hyperdynamic state. 

A-state patients generally have 
high levels of contractile function 
(short mixing times) and conse- 
quently, when heart function is good, 
they tend to maintain large cardiac 
outputs, though not the narrow- 
est arteriovenous oxygen differences. 
However, when myocardial function 
is depressed beyond a critical level, 
there is evidence that, because of 
their low-resistance shunting, the B- 
state patients will maintain a higher 
overall, though perhaps less effec- 
tive, flow than the A-state cirrhotics. 


In Fig 2, most of those patient sam- 
ples with cardiac mixing times longer 
than 3.1 seconds who had a cardiac in- 
dex less than 3.4 liters/min/sq m 
were obtained from A-state patients, 
whereas those samples from patients 
with a similar degree of myocardial 
depression who had higher cardiac in- 
dices were from B-state cirrhotics. 
These data suggest a resetting of 
vascular tone relationships’ in the 
unbalanced hyperdynamic (B-state) 
patient to produce a different level of 
cardiac and peripheral functional in- 
teractions. 


The prognostic implications of this _ 


relationship are also shown in Fig 5, 
in which the samples are labeled by 
48-hour mortality. Again we see that, 
in either hyperdynamic state (A or 
B), deteriorating myocardial function 
is associated with an increased chance 
of death within 48 hours. The A- or R- 
state cirrhotic patient will be able to 
extract an adequate amount of oxy- 
gen from a reduced circulation if con- 
tractile dynamic function is good. 
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With cardiac failure, a wide arterio- 
venous oxygen difference in the face 
of a reduced contractile function car- 
ries a poor prognosis in the A-state 
cirrhotic patient. In contrast to the A- 
state patient who tends to go into 
low-cardiac output myocardial. fail- 
ure, the B-state hyperdynamic cir- 
rhotic is the one who manifests a high- 
output failure state while main- 
taining a narrow arteriovenous dif- 
ference until just prior to complete 
vascular collapse. 


Comment 


A knowledge of the physiologic 
states of the cirrhotic patient and an 
understanding of the several patterns 
of abnormality provides insight into 
the nature of this disease process. 
This knowledge can enable a more ra- 
tional patient management based on 
tailoring of the therapeutic options to 
the specific aspects of the disease 
manifested by an individual patient. 
The interpretation of this kind of 
physiologic data has been shown to be 
an important corollary in clinical de- 
cision making regarding the prepara- 
tion for and the timing of elective 
surgery, as well as the postoperative 
management of the cirrhotic patient 
after portal decompression.!® 1-19 

It is important to recognize that, 
compared to noncirrhotic high-risk 
control patients (R state), there are 
different prototype hyperdynamic 
states in cirrhotic liver disease that 
reflect different degrees of peripheral 
vascular abnormalities in vascular 
tone and arteriovenous shunting 
(Table 1). The basal state (R-state cir- 
rhotic) for the patient with cirrhotic 
liver disease and portal hypertension 
is characterized by an increased flow 
with a normal mean blood pressure, 
heart rate, and arteriovenous oxygen 
difference, suggesting a minimal re- 
duction in vascular pressure-flow re- 
lationships but no abnormality in 
oxygen extraction. 

In response to an acute stress such 
as hemorrhage or operation, or with 
progression of the liver disease, one 
finds a compensated or balanced hy- 
perdynamic response (A-state cirrhot- 
ic) with a physiologically significant 
increase in heart rate and cardiac in- 
dex. In this state, there is a greater 
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disparity between mean pressure and 
the increase in flow, reflecting an im- 
portant decrease in vascular tone. 
Oxygen extraction remains normal so 
that overall oxygen consumption usu- 
ally is increased, suggesting a physi- 
ologically normal relationship be- 
tween supply and demand for 
oxygen. 

In the patient with more seriously 
disturbed hepatic function, one finds 
an unbalanced pattern of peripheral 
function (B-state cirrhotic) in which a 
disparity appears between the nutri- 
ent and nonnutrient distribution of 
peripheral blood flow. These patients 
also have a major reduction in vascu- 
lar tone, but in addition show evi- 
dence of a considerable degree of pe- 
ripheral arteriovenous shunting 
evidenced by the marked narrowing 
in the arteriovenous oxygen differ- 
ence and a reduction in oxygen con- 
sumption compared to the compen- 
sated A-state cirrhotics, even though 
total body flow remains increased. 
Other evidences of an increased sym- 
pathetic activity are found in the in- 
creased heart rate and decreased car- 
diac ejection time. 

The data presented earlier show 
that myocardial adequacy is a key 
factor in the ability of the cirrhotic 
patient to compensate for the circula- 
tory demands imposed by his abnor- 
mal vascular response. As a group, all 
cirrhotic patients have evidence of in- 
creased myocardial dynamics with a 
decrease in cardiac mixing time that 
is roughly proportionate to the in- 
crease in body flow. However, the in- 
cidence of myocardiopathies is high in 
the alcoholic cirrhotic, and occult and 
overt myocardial failure are impor- 
tant factors influencing mortality in 
this group of patients.*:%119 Because 
the circulatory demands of the cir- 
rhotic are so great, minimal degrees 
of myocardial insufficiency have a 
greater significance than normal in 
producing circulatory failure. In addi- 
tion, the interaction of the different 
patterns of peripheral vascular ab- 
normality with the occultly or overtly 
failing heart may produce very dif- 
ferent circulatory response patterns 
when decompensation occurs. The A- 
state cirrhotic with a more nearly 
normal peripheral pattern responds 


to myocardial failure with an increase 
in vascular tone, a fall in cardiac out- 
put, and an increase in oxygen ex- 
traction as the peripheral mecha- 
nisms of vascular control attempt to 
compensate to keep an acceptable 
level of nutrient flow. In the unbal- 
anced hyperdynamic B-state patient, 
the abnormal peripheral mechanisms 
appear incapable of adjusting in the 
usual fashion. Consequently, vascular 
tone remains decreased and arterio- 
venous shunting with a disparity be- 
tween nutrient and nonnutrient flow 
continues. This shunting, and its re- 
sultant reduction in the impedance to 
cardiac ejection, appears to permit 
even the failing myocardium to main- 
tain a relatively high flow, and these 
B-state patients characteristically 
manifest a high-output cardiac fail- 
ure up to the moment of circulatory 
decompensation and death. Indeed, in 
this group the most common mode of 
death is hepatic coma, with the hepa- 
torenal syndrome as a frequent mani- 
festation of profound diversion of 
blood from effective organ functions. 
In any physiologic hyperdynamic 
state, the development of severe de- 
grees of pulmonary arteriovenous ad- 
mixture, reflected by the elevation in 
the respiratory oxygen exchange ra- 
tio has an ominous significance and 
further compounds any extant car- 
diac impairment. 

While a classification of cirrhotic 
patients based on their level of he- 
patic function is useful in predicting 
the outcome of elective or emergency 
surgical procedures,™** several previ- 
ous studies'’:'''’ have shown that bio- 
chemical evaluation of hepatic func- 
tion does not provide sufficient 
information on which to initiate ther- 
apeutic measures directed at improv- 
ing the cardiovascular and pulmonary 
function on which immediate survival 
depends. However, there are pro- 
found implications for therapy in rec- 
ognizing the different physiologic 


_ states in the patient with cirrhotic 


liver disease and portal hypertension. 
With regard to the choice of elective 
or urgent operation in the cirrhotic 
with portal hypertension, it has been 
shown previously that patients with 
very abnormal patterns of vascular 
tone and diminished oxygen extrac- 
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tion or myocardial depression, do 
poorty after surgery. Indeed, the com- 
bination of majer peripheral shunting 
and severe myecardial depression is 
nearly always associated with a fatal 
outeome.®™™ = In general, the basal R- 
state liver or compensated A-state 
patient will handle any stress better 
than the B-state or unbalanced cir- 
rhotic. Within this general frame- 
work, the development of even a mi- 
nor degree of myocardial depression 
has therapeutie importance because 
of the need of the Grrhotic to main- 
tain a higher than normal contractile 
function merely to support his in- 
creased circulatory needs. As shown 
in Fig 2 through 5, the prolongation 
of the myocardial contractile corre- 
late cardiac mixing time even to val- 
ues that would be normal (> 4.6 sec- 
onds) in the high-risk noncirrhotic 
control patient is associated with an 
increased 48-hour mortality during 
stress. 

Based on the mean values for pa- 
tients with basal state (R) liver dis- 
ease, these data suzgest physiologic 
guidelines for considering the use of 
inotrepic support in the preoperative, 
or immediate postoperative, cirrhotic 
patient. These are chown in Table 3. 
One should be alert to the possibility 
when the cardiace mixing time exceeds 
3.0 seconds, and the need becomes im- 
perative when the cardiac mixing time 
becomes greater tian 4.5 seconds. 
The use of cardiac inotropic agents 
should be considered at the shorter 
cardiac mixing time value (> 3.0 sec- 
onds) in the B-state hyperdynamic 
patient in whom a Figh cardiac index 
reflects a very abrorma! peripheral 
vaseular function, as evidenced by an 
arteriovenous oxygen gradient of less 
than 2.5 vol%. At th2 other end of the 
spectrum, inotropic support is indi- 
cated when the cardiac mixing time 
becomes greater than 3.0 seconds in 
the A- or R-state patient who mani- 
fests.a diminished cardiae index with 
increased oxygen extraction, where 
the arteriovenous oxygen gradient 
exceeds 3.5 vol%. With a normal 
range of arteriovenous difference (3.5 
to 2.5 vol%), one reed not consider 
inotropic suppert unless the cardiac 
mixing time exceeds 4.5 seconds. 

Similarly, when there is evidence of 


Arch Surg/ Vol 108, March 1974 





Cardiac Index, Cardiac 








Table 3.—Guidelines for Cardiac Inotropic Support in the Acutely II! Cirrhotic 


State _liters/min/sqm Mixing Time, sec Difference, vol% 
AorR <4.0, >3.5 >4.5 
B >4.0 >3.0 
AorR <3.5 >3.0 








Alveolar-Arterial O2, 
Gradient/ Arterial Po2* 


Arteriovenous O», 








<3.5, >2.5 >1.0 
<2.5 >1.0 
>3.5 >1.0 








* When >2.0, consider ventilatory support as well. 


impaired respiratory exchange of 
oxygen (ratio of alveolar-arterial oxy- 
gen gradient and arterial Po, > 1.0), 
one should also consider inotropic sup- 
port at the shorter cardiac mixing 
time value (> 3.0 seconds) rather than 
waiting until more severe myocardial 


‘depression (> 4.5 seconds) occurs. In 


addition, a ratio of alveolar-arterial 
oxygen gradient and arterial Po, in 
excess of 2.0 is an indication for ven- 
tilatory support, not merely increas- 
ing the concentration of inspired oxy- 
gen.** Such ventilation becomes 
imperative if there is also evidence of 
CO, retention or acidosis suggesting 
a transition into the C state of res- 
piratory decompensation, since the 
chance of survival in this state is ex- 
tremely poor if uncorrected. 

The choice of inotropic agent is in 
part a function of the urgency of the 
need for support. If serum potassium 
levels are normal in the elective or ur- 
gent preoperative patient, we have 
usually chosen to use digoxin. This 
agent should be administered in di- 
vided doses to achieve a level which is 
only 75% to 80% of the normal full 
digitalizing dose before beginning a 
maintenance level. 

In the acute stress situation in- 
duced by hemorrhage, or in the post- 
operative cirrhotic patient who mani- 
fests clinical or physiologic evidence 
of myocardial failure, especially in a 
hyperdynamic B-state with prolonga- 
tion of cardiac mixing time, or in the 
patient who is already digitalized or 
has a low serum potassium level, we 
have generally chosen to use a combi- 
nation of low doses of isoproterenol 
hydrochloride and glucagon given by 
continuous intravenous infusion.” 
Generally 3 mg/hr of glucagon and 
0.5ug/min to 2ug/min of isoprotere- 
nol are used to achieve the desired ef- 
fect. Serum glucose and potassium 
levels must be frequently evaluated 
and corrected, especially if the pa- 
tient is already receiving a digitalis 


preparation or is diabetic. Both of 
these agents act to increase cardiac 
cyclic 3,5-adenosine monophosphate, 
but by different mechanisms, and 
glucagon may have the added effect 
of increasing hepatic blood flow, 
and by converting the liver from a 
lactate-producing to a lactate-ex- 
tracting organ.” 

The recognition of the B-state hy- 
perdynamic patient may be of future 
value as an indicator of that group of 
cirrhotics who may profit from the ad- 
ministration of L-dopamine, in an at- 
tempt to estimate the value of this 
agent in overcoming the effects of the 
“false neurotransmitter” that is 
thought by some investigators to be 
produced in severe liver disease.” 
Certainly, it appears that it is these 
B-state cirrhotic patients, when they 
manifest an early hepatorenal syn- 
drome, who appear to be the ones who 
have been helped by the infusion of 
metaraminol,** with widening of the 
arteriovenous oxygen difference, re- 
duction of arteriovenous shunting, 
and improvement of the hepatorenal 
failure. Indeed, the state classifica- 
tion may be a good indication of the 
need for early therapy with one of 
these experimental agents should 
they prove generally effective. 

It seems evident that physiologic 
staging of the cirrhotic patient with 
portal hypertension and the recogni- 
tion of the pertinent features of each 
abnormal pattern will permit accu- 
rate and more precise pharmacologic 
therapy to be directed at the causes of 
physiologic dysfunction. It is sug- 
gested that a careful application of 
these principles guiding physiologic 
support of the cirrhotic patient will 
result in improved survival following 
portal decompressive surgery. 


This investigation was supported in part by 
National Heart and Lung Institute grant HL 
15676 and National Institute of General Medical 
Sciences grant GM20280. 
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A prospective evaluation of emergency 
portacaval-shunt has been conducted during 
a ten-year period in 115 unselected consecu- 
tive patients with alcoholic cirrhosis and 
bleeding esophageal varices. Am extensive 
diagnostic evaluation was completed within 
seven hours of hospital admission and the 
shunt operation was undertaken within a 
mean 8.1 hours. Follow-up was conducted in 
a special clinic, and the current status of 
98.3% of the patients is known. Eighty-two 
percent of the patients had jaundice, ascites, 
or encephalopathy alone or in combination 
on admission. Contrary to recent proposals, 
patients with the hignest portal perfusion 
pressure and the largest hepatopetal portal 
blood flow had the highest survival rate, and 
those who sustained the smallest portal flow 
diversion from the shunt had the lowest sur- 
vival rate. The operative survival rate was 
48%, the predicted seven-year survival rate 
was 30%, and the actual seven-year survival 
rate of 40 patients who were operated on 
‘seven or more years ago was 42.5%. In com- 
parisons with our prewious prospective stud- 
ies, emergency portacaval shunt resulted in 
a significantly greater long-term survival 
rate than either emergency medical therapy 
or emergency varix ligation, followed by 
elective shunt. 


ee shunt is the 
only definitive treatment cur- 
rently available for bleeding esoph- 
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ageal varices in patients with alco- 
holic cirrhosis. Although the 
operation has been applied widely for 
some 28 years and its imperfections 
are well recognized, it is only recently 
that evidence has been obtained from 
prospective studies to show that por- 
tal-systemic shunt results in a sub- 
stantially longer life than does any 
other form of therapy used in cir- 
rhotic patients who have bled from 
esophageal varices' (see p 302). The 
decision not to perform a portal-sys- 
temic shunt in a given patient does 
not usually involve weighing compet- 
ing forms of effective treatment. 
Rather, it is based on the prediction 
that the patient will not tolerate a 
shunt and, therefore, cannot be 
helped significantly by any type of 
available therapy. In many respects, 
this decision is similar to that made 
in patients with inoperable cancer, 
and the resultant five-year mortality 
is not much different. Unfortunately, 
the criteria on which the decision for 
or against shunt is based are not well 
established. 

Of the many questions that sur- 
round the use of portal-systemic 
shunt, one of the most important ones 
concerns the timing of the operation. 
Intimately related to this question is 
the problem of the emergency treat- 
ment of bleeding esophageal varices. 
Traditionally, portacaval shunt has 
been used as an elective procedure for 


those patients who survive and re- 
cover from one or more episodes of 
bleeding esophageal varices and then 
are judged to be relatively good oper- 
ative risks. This traditional approach 
is based on the hope that nonopera- 
tive, nondefinitive emergency treat- 
ment of the bleeding episode will pro- 
vide the opportunity to stabilize and 
improve the underlying liver disease 
so that an elective portacaval shunt 
will be possible. However, statistics 
from centers and cooperative studies 
that have evaluated large numbers of 
cirrhotic patients indicate clearly that 
this hope is realized too infrequently, 
since only 10% to 20% of the bleeding 
cirrhotic population has become eli- 
gible for elective operation.*' Most of 
the remaining patients have died, 
usually during hospitalization for 
varix hemorrhage or soon afterward. 
Therefore, elective portacaval shunt 
has had a limited impact on the large 
problem of bleeding esophageal vari- 
ces in cirrhosis, and the development 
of effective emergency therapy is re- 
quired to substantially improve the 
overall survival of patients with this 
disease. 

Fifteen years ago, we initiated a 
prospective program for the eval- 
uation of emergency treatment of 
bleeding esophageal varices in unse- 
lected patients with alcoholic cir- 
rhosis. Important features of this 
study are that it has been prospective 
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Cumulative survival rates associated with 
three forms of emergency treatment of 
bleeding esophageal varices calculated by 
life-table method. Actual survival of 40 pa- 
tients who were operated on seven or more 
years ago is also shown. 


in conduct, and has involved all pa- 
tients with varix hemorrhage ad- 
mitted to our hospitals without at- 
tempts at selection. In the early years 
of the program, emergency medical 
therapy followed when possible by 
elective portacaval shunt was com- 
pared with emergency transesoph- 
ageal varix ligation followed when 
possible by elective portacaval shunt.’ 
Subsequently, we evaluated emer- 
gency portacaval shunt by itself. This 
report concerns some aspects of the 
study of emergency portacaval shunt 
in 115 consecutive patients treated 
during the ten-year period between 
late 1962 and 1972. Other aspects of 
the study will be reported in subse- 
quent publications. 


Material and Methods 


Emergency portacaval shunt was per- 
formed in all patients with alcoholic 
cirrhosis and bleeding esophageal varices 
admitted to Harbor General Hospital be- 
tween late 1962 and 1966, and to Univer- 
sity Hospital of the University of Califor- 
nia, San Diego between 1968 and 1972. The 
study and treatment plan has been de- 
scribed previously," and it was applied 
uniformly. 

Diagnostic Work-up.—The diagnostic 
work-up was completed within seven hours 
of admission to the emergency room and 
consisted of a history, physical examina- 
tion, complete blood cell count, platelet 
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Table 1.—Characteristics of 
115 Patients Treated by Emergency Portacaval Shunt 


% 


of Group 


Age, yr 
25-39 
40-49 
50-59 
60-69 


Survival, Influence 
% on Survival 


61 None 


TE 


Sex 
Male 


Female 


Years of alcoholism 
10 


5-10 


Abstinence from alcohol 
<1 mo 


>1 mo 


ee e 


Bleeding episode 
First 
Second 
Third or more 


count, battery of liver function tests in- 
cluding sulfobromophthalein sodium (BSP) 
excretion, arterial blood gas and pH, se- 
rum electrolyte, and blood creatinine and 
urea nitrogen determinations, blood coag- 
ulogram, electrocardiogram, chest roent- 
genogram, and barium sulfate contrast 
upper gastrointestinal roentgenograms. 
Beginning in 1969, the diagnostic work-up 
was expanded to include routine esoph- 
agogastroduodenoscopy in the emergency 
room with the flexible fiberoptic endoscope, 
hepatic vein catheterization for wedged 
pressure measurements, determination of 
hepatic blood flow with technetium 99m Te 
sulfur colloid, radioisotope liver and spleen 
scanning, hepatic phlebography, selective 
arteriography involving the splenic, supe- 
rior mesenteric, left gastric, and hepatic 
arteries, and systemic hemodynamic mea- 
surements of cardiac output, cardiac index, 
and peripheral vascular resistance. 

Initial Therapy.—Intravenous catheters 
were placed through cutdowns in each arm, 
an indwelling bladder catheter was intro- 
duced, and a nasogastric tube was in- 
serted. Posterior pituitary extract in a 
dose of 20 units was given intravenously 
over a 20-minute period to every patient 
shortly after admission to the emergency 
room and was occasionally repeated once 
or twice during the initial eight-hour pe- 
riod. Blood transfusions were started 
promptly and always included at least 
2,000 ml of fresh, whole blood donated less 
than 12 hours prior to administration. The 
stomach was irrigated with iced sodium 
chloride solution both before and after the 
barium contrast roentgenograms. A solu- 


38 
50 





tion containing 4 gm neomycin sulfate and 
60 ml magnesium sulfate was instilled in 
the stomach, and a saline enema contain- 
ing 4 gm neomycin sulfate was adminis- 
tered preoperatively. A hypertonic dex- 
trose solution with therapeutic doses of 
vitamins K, ascorbic acid, and the B eom- 
plex was given intravenously, and potas- 
sium chloride was added when hypoka- 
lemia existed. No patient was treated with 
esophageal ballon tamponade. 

Portacaval Shunt Operation.—The 115 pa- 
tients were operated on within a mean 8.1 
hours of entering the emergency room. In 
most of the patients, the operation was 
started between the seventh and eighth 
hours after initial contact. Anesthesia con- 
sisted of nitrous oxide-oxygen, an intrave- 
nously given analgesic, and a muscle re- 
laxant. All operations were performed 
through a long, right subcostal incision. 
Pressures in the portal vein (free and oc- 
cluded) and inferior vena cava were mea- 
sured with a saline manometer by direct 
needle puncture before and after perform- 
ance of the shunt. A wedge liver biopsy 
was obtained in every case. Beginning in 
1969, intraoperative studies before and af- 
ter portacaval shunt were expanded to in- 
clude direct measurements of blood flow in 
the hepatic artery and portal vein with an 
electromagnetic flowmeter, systemic and 
portal oxygen determinations, and cardiac 
output measurements. Side-to-side por- 
tacaval shunt was performed in 87 pa- 
tients, and end-to-side portacaval shunt 
was performed in 25 patients. Three pa- 
tients had another type of shunt when at- 
tempts at a direct portacaval shunt failed. 
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Postoperative Treatment.—All patients 
were managed in an intensive care unit for 


at least one week postoperatively. Monitor- 


ing that was initiated preoperatively was 
continued postoperatively and included se- 
rial measurements of cardiovascular func- 
tion, pulmonary function, fiuid and electro- 
lyte balanee, liver function, blood cell 
count, blood coagulation, and renal func- 
tion. Neomycin therapy, cathartics, and 
enemas were continued for three days. Al- 
kalesis was corrected with parenterally 
given potassium chloride and oceasionally 
ammonium chloride. Delerium tremens 
was treated with parerterally given mag- 
nesium sulfate, a tranquilizer, 50% 
dextrose solutions, and vitamins. The hy- 
perdynamic state was managed with digi- 
talization and cardiotonic drugs. Particular 
attention was given te pulmonary toilet. 
All patients received antacid therapy. Oral 
nutrition consisted of a 4,000-calorie, 200- 
mg sodium, high-carbohydrate, bland diet 
with a protein centent that was gradually 
increased from 20 gm to 80 gm/day if no 
signs of encephalopathy developed. 

Lifelong Follow-up.—After discharge 
from the hospital, the patients have been 
followed up in our Portal Hypertension 
Clinic at least monthly for the first postop- 
erative year, and every three months af- 
terward. Only two patents have been lost 
to fellow-up, one shortly after leaving the 
hospital and the other during the second 
posteperative year. The current status of 
98.3% of the group of 115 patients is 
known. In addition to the usual serial de- 
terminations of clinical status, liver func- 
tion, renal function, and fluid and electro- 
lyte balance, the follew-up studies have 
been expanded since 1969 to include yearly 
shant and hepatic vzin catheterization, 
splanchnic arteriography, radioisotope 
liver blood flow measurement, needle liver 
biepsy, cardiac output, and gastrointesti- 
nal roentgenography. 


Results 


Characteristics of the Patients. The 
characteristics of the 115 unselected, 
consecutive patients who underwent 
emergency portacaval shunt and 
their clinical and laboratory findings 
en admission are summarized in Ta- 
bles 1 and 2. The age and sex distribu- 
tiens were these usually found in al- 
echolic cirrhosis. Al of the patients 
had a history of caronic alcoholism, 
and all had aleoholie cirrhosis on liver 
biopsy. Eighty percent of the patients 
ingested alcohol wishin one month of 
bleeding, and 61% had been drinking 
heavily during the two days before 
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Table 2.—Clinical and Laboratory Findings on Admission of 115 
Bleeding Cirrhotic Patients 




















% Survival, Influence 
of Group % on Survival 
Jaundice 
Present 46 47 None 
Absent 54 50 
Ascites 
Present 55 35 P=<.001 
Absent 45 65 
Encephalopathy 
Present 21 33 None 
Past history only 14 44 
! Absent at admission 
and in past 65 53 
Muscle wasting 
Severe (4+ to 3+) 26 30 P = <.05 
Moderate to mild 
(2+ to 1+) 74 54 
Liver size 
Enlarged 89 48 P=<.02 
Small 11 25 
Splenomegaly 
Present 51 49 None 
Absent 49 48 
Hypokalemic alkalosis 
PH 7.5 or >; Kt <3.5 18 25 P=<.02 
pH <7.5 and/or K* >3.5 82 51 
SGOT 
>100 units 32 31 P=<.02 
100 or < units 68 57 
Liver index* (0-4.0) 
>3.4 11 8 P = <.01 
compared 








































to others 







None 


* Liver index was calculated by averaging the weights assigned to various laboratory values 


as follows: 
0 1 
Bilirubin <1.0 <1.5 
Prothrombin >80 61-80 
Bromsulphalein <4 <10 





Mean corrected portal pressures, mm Hg* 
Before portacaval shunt 
Free portal (FPP) 
Hepatic occluded portal (HOPP) 
Splanchnic occluded portal (SOPP) 
After portacaval shunt 7 
Free portal (FPP) 


Alcoholic cirrhosis on biopsy, % of group 


Side-to-side portacaval 
End-to-side portacaval 
} Other 


Control of bleeding by shunt, % of group 





Table 3.—Operative Findings in 115 Bleeding Cirrhotic Patients 


Spontaneous reversal of porta! flow, % of group 


Type of shunt, % of group, and survival (% of group) 





2 3 4 
<3.0 <5.5 >5.5 
41-60 21-40 <21 
<20 <30 30 or > 







263 
221 
318 








25 
32 
100 








76 (48) 
22 (52) 
2 (0) 
96 







* Corrected pressures were obtained by subtracting inferior vena cava pressure. 


the varix hemorrhage. Abstinence 
from alcohol for greater than one 
month prior to bleeding was associ- 
ated with a significantly greater sur- 


vival rate. Ninety-nine percent of the 
patients vomited blood, and blood was 
recovered from the nasogastric aspi- 
rate in every patient. Esophageal 
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Table 4.—Influence of Maximum Perfusion Pressure (MPP) Before Portacaval varices were demonstrated roentgen- 





Shunt on Survival and Encephalopathy After Portacaval Shunt ographically in 96% of the group, and 

> endoscopically in 100% of the patients 
Maximum Perfusion Encephalopathy who underwent this procedure. 

Pressure (SOPP- No. of Survival, at Some Time in All of th . hi +s 

HOPP),* mm Saline Patients of, Survivors, 54, All o t e patients had clinical and 

m e Tae RS OP a CD beic manifestations of severe 

101-200 63 hepatic dysfunction. Jaundice, as- 

201-300 . 44 cites, and encephalopathy were pres- 

>300 73 ent separately or in combination in 

* Abbreviations: SOPP indicates splanchnic occluded portal pressure; HOPP, hepatic oc- 82% of the patients. The clinical fea- 

cluded portal pressure. tures of cirrhosis that were associated 


+ P = <.05 compared to MPP >100 mm. All other comparisons of survival and encepha- with a significantly lower survival 


lopathy were not statistically significant. . 
rate were ascites, severe muscle wast- 


ing, and a small liver. The laboratory 
findings that indicated a substan- 
tially reduced chance of survival were 
hypokalemic alkalosis and a serum 
% With This glutamic oxaloacetic transaminase 
No. of % Complication (SGOT) level of greater than 100 
: Patients of Group Surviving units. The results of other liver func- 
Alkalosis (pH 7.50 or >) 90/109 83 40 tion tests, considered individually or 
Hepatic failure and coma 39 29 idróth f little hoha i; 
Delerium tremens 27 39 eo a ee bar A se 
Rebleeding during first month 50 dicting survival. The liver index, 
“Stress”’ peptic ulcer re based on weights assigned to various 
Hemorrhagicgastritis o O a O era values of BSP retention, prothrombin 
Coagulopathy STE activity, and serum bilirubin levels, 
Varices AE correlated with mortality only at the 
Unknown. ey upper extreme when clinical eval- 
Wound infection 9 uation alone would have permitted a 
Ascites prediction of outcome. 
Operative Pressures.—The results of 
operative pressure measurements are 


Table 5.—Early Postoperative Complications in 115 
Cirrhotic Patients Treated by Emergency Portacaval Shunt 





Table 6.—Comparison of Three Types of Emergency Treatment of summarized in Table 3. All patients 
Bleeding Esophageal Varices in Unselected Patients with Cirrhosis had portal hypertension with cor- 
rected portal pressures (obtained by 

Medical Varix Emergency Porta- subtracting the inferior vena cava 


Therapy* Ligation* caval Shunt 
No. of patients P 28 115 pressure) that ranged from 63 to 422 


Jaundice an Adla, 5 16 mm saline. In 32% of the patients, the 
Pusieetaniaigh- ws oi.) 41... Gs SO ee free portal pressure was not higher 
Encephalopathy onadmission, % 25 #4©£95 21 than the hepatic occluded portal pres- 

Mean liver index on admission ; ; 2.5 sures prior to the shunt, indicating 

Early survival, % 48 spontaneous reversal of portal blood 

Seven-year survival 30 flow. It has been the general experi- 

* Followed by e!ective portacaval shunt when possible. ence, including our own, that sponta- 
neous reversal of portal flow is 
uncommon in patients undergoing 





Table 7.—Early Results of Emergency Portacaval Shunt in Selected Patients elective operations for portal hyper- 
Meee a Ee Beta eg Se ate ge a ei be ee incidence of sponta- 
No. of Operative neous flow reversal observed under 


Source Year Patients Survival, % 


Edmondson et al'® (VA cooperative) 1971 52 . 
Mikkelsen" TT a have been caused by acute liver dam- 


Wantz and Payne” 1961 59 age that increased hepatic outflow re- 
ee een er eA ee sO ec ee and precipitated rupture of 
——BalasegaramandDamodaran® +1970 #430. vo | varices." 

Megevand” 1970 70 Side-to-side portacaval shunt was 

Adson” 1967 73 performed in 87 (76%) patients, end- 

Weinberger? 1965 72 to-side portacaval shunt was done in 

Preston and Trippel” 1965 56 25 (22%) patients, and another type of 

Pogman eras 1397 55 shunt was required in three (2%) pa- 


these emergency circumstances may 
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tients. There was no difference in sur- 
vival rates between the side-to-side 
(48%) and end-to-side (52%) anasto- 
moses. The mean corrected portal 
pressure following shunt was 25 mm 
saline. The direct portacaval anasto- 
moses reduced the portal pressure to 
normal in all but one patient. Emer- 
gency portacaval shunt stepped varix 
bleeding immediately in 96% of the 
patients. 

One of the most important ques- 
tions about portal-systemic shunt 
concerns the effect o? portal diversion 
on liver function and, in turn, on sur- 
viva! and the development of enceph- 
alopathy. It has been proposed that 
patients with a large prograde portal 
bleed flow will tolerate a portacaval 
shunt poorly, while those with a small 
hepatopetal flow already have most of 
their portal blood diverted away from 
the liver and will not suffer ill effects 
from a shunt.'*** The uneerzainty in 
this attractive hypothesis is related to 
the eapacity of hepatic artery flow to 
compensate for diversion of portal 
flow, a critical factor that is unknown 
or difficult to predict. The magnitude 
of prograde portal blood fow can be 
determined indirectly by subtracting 
the HOPP from the SOPP to obtain 
the maximum perfusion pressure 
(MPP). Table 3 shows the relationship 
of maximum perfusion pressure to 
survival and to the incidence of en- 
eephalopathy in the patients who un- 
derwent emergency portacaval shunt. 
Contrary to the hypothesis, the pa- 
tients with the lcewest MPP, who 
might be expected to be least af- 
feeted by portacaval shunt, had the 
lowest survival rate and the highest 
incidence of encephalopathy. In con- 
trast, patients with the highest MPP, 
who according to the hypothesis 
might be expected to suffer serious 
consequences from diversion of a 
large hepatopetal b.ood flow, had the 
highest survival rate. The incidence 
əf encephalopathy did not correlate 
with the preshunt MPP. It would 
seem that factors other than the 
magnitude of portal flow diversion 
play an important role in deter- 
mining survival and the development 
of encephalopathy. 

Postoperative Complieations.—The 
postoperative complications during 
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hospitalization are summarized in 
Table 4. Almost all patients had an 
increase in hepatic dysfunction soon 
after operation. The severity of the 
functional impairment was similar to 
that observed in patients who bleed 
from esophageal varices and are 
treated nonoperatively. Hepatic fail- 
ure was the major cause of death in 
two thirds of the patients who suc- 
cumbed. Metabolic alkalosis devel- 
oped in most of the patients, and de- 
lerium tremens occurred in about one 
quarter. Gastrointestinal bleeding de- 
veloped in 29% of patients, almost al- 
ways after the first postoperative 
week. Bleeding usually occurred in 
patients who were desperately ill, and 
it was most commonly due to multiple 
stress ulcers in the stomach. 

Survival.—Fifty-five of the 115 pa- 
tients survived the operation, an 
early survival rate of 48%. The surviv- 
ors have been followed up from one to 
ten years, and all but two are cur- 
rently under observation, a follow-up 
rate of 98.3%. The predicted seven- 
year survival rate, calculated accord- 
ing to the actuarial or life-table 
method," is 80% of the original group 
of 115 patients. The actual seven-year 
survival rate of the 40 patients who 
were operated on seven or more years 
ago is 42.5%. Most of the early survi- 
vors who subsequently died suc- 
cumbed during the first postoperative 
year. 

Eighteen percent of the survivors 
have had encephalopathy requiring 
restriction of dietary protein at some 
time postoperatively. All but two of 
these patients had had encephalop- 
athy prior to the portacaval shunt, 
and one half of them developed neu- 
rological symptoms only after heavy 
alcohol ingestion. The incidence of en- 
cephalopathy was almost twice as 
high in patients with end-to-side 
shunts than in those with side-to-side 
anastomoses. Advanced age did not 
appear to be a factor since the mean 
age of survivors without encephalop- 
athy was 47.4 years compared to a 
mean age of 50.6 years of those with 
encephalopathy. The incidence of 
chronic peptic ulcer, gastrointestinal 
bleeding, and ascites in survivors was 
12%, 8%, and 2%, respectively. 

It appears from regular follow-up 


observation that 53% of the survivors 
have not consumed alcohol at any 
time during the follow-up period. On 
the basis of clinical and laboratory 
examinations, the general status of 
the survivors is excellent or good in 
61%, fair in 18%, and poor in 20%. All 
but one of the ten patients considered 
to be in poor condition have returned 
to chronic alcoholism. 

Table 5 and the Figure compare the 
results of the three forms of emer- 
gency treatment of bleeding esoph- 
ageal varices that we have evaluated 
over the past 15 years. It must be 
noted that the comparison has a po- 
tential shortcoming in that medical 
therapy, varix ligation, and emer- 
gency portacaval shunt were not eval- 
uated concurrently. However, the 
three groups of patients are quite 
similar from the standpoints of age, 
sex, liver function, incidence of jaun- 
dice, ascites and encephalopathy, and 
intensity of treatment. Early survival 
rates associated with the two forms 
of surgical therapy were about three 
times greater than the survival rate 
resulting from medical treatment 
alone (P = <.001). Seven-year sur- 
vival, both actual and predicted by 
the life-table method, was signifi- 
cantly greater following emergency 
portacaval shunt than after either of 
the two other types of emergency 
treatment (P = <.001). 


Comment 


Surgical therapy of most diseases is 
imperfect in that it involves an ex- 
change of the mortality and morbid- 
ity of the disease for the mortality 
and untoward sequelae produced by 
the operation. Surgical treatment is 
considered effective and necessary 
when the balance of the exchange is 
clearly on the side of the operation. 
Portal-systemic shunt fulfills the-cri- 
teria of an imperfect but effective 
and necessary treatment of a debili- 
tating and highly lethal disease. On 
the one hand, it is a major under- 


taking that, of necessity, must be per- 


formed in poor-risk patients and, 
therefore, results in relatively high 
operative mortality. Moreover, it is 
associated with a substantial inci- 
dence of neurological sequelae that 
result from diversion of intestinal 
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blood directly into the systemic circu- 
lation, and there is the possibility 
that it contributes to hepatic failure 
by decreasing hepatic blood flow. On 
the other hand, it is the only avail- 
able therapeutic measure that per- 
manently controls hemorrhage from 
esophageal varices, and, thereby, it 
has a substantial beneficial influence 
on the quality and duration of life in 
patients with alcoholic cirrhosis. 
Mounting evidence from prospec- 
tive clinical trials indicates that the 
use of portal-systemic shunt is worth- 


_while as elective treatment to pre- 


vent recurrent hemorrhage in pa- 
tients who have recovered from a 
bleeding episode but most certainly 
will bleed again unless their portal 
hypertension is relieved (see page 
302). However, restriction of portal- 
systemic shunt to elective therapy in- 
herently limits its applicability to a 
relatively small segment of the bleed- 
ing cirrhotic population, and ignores 
the much larger problem of the emer- 
gency treatment of bleeding esoph- 
ageal varices with its attendant high 
mortality. The potential benefits of 
emergency portacaval shunt are im- 
mediate control of hemorrhage and 
the salvage of a substantial portion of 
the large number of patients who do 
not otherwise survive the bleeding 
episode and period of preparation for 
an elective shunt. Consequently, it 
would seem appropriate to consider 
the use of portal-systemiec shunt as 
emergency treatment of varix hemor- 
rhage. 

The objectives of our prospective 
study were to determine the capacity 
of patients with alcoholic cirrhosis to 
tolerate an immediate portacaval 
shunt at the time of bleeding, to com- 
pare the results of emergency por- 
tacaval shunt with other forms of 
emergency treatment in hope of de- 
veloping more effective emergency 
therapy, and to establish sound crite- 
ria for the selection of patients for 
operation. These objectives were real- 
ized in large part, but not completely. 
The results of this study indicate that 
patients with moderate liver disease, 
who do not have ascites, severe 
muscle wasting, a small liver, or alco- 
holic hepatitis, tolerate an emergency 
portacaval shunt as well as an elec- 
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tive shunt and are spared the high 
risk of bleeding again while they are 
being prepared for elective operation. 
On the other hand, the mortality in 
patients with advanced cirrhosis and 
its debilitating complications are 
high following both emergency and 
elective operations, and are even 
higher with nonoperative treatment. 

Comparison of the results of emer- 
gency portacaval shunt with the two 
other common forms of emergency 
treatment, medical therapy and 
transesophageal varix ligation, sug- 
gests that early operation is superior 
to nonoperative treatment, and that 
emergency portacaval shunt produces 
a significant increase in long-term 
survival. It appears that a substantial 
number of patients who would die be- 
fore becoming eligible for elective 
portal decompression were salvaged 
by an immediate shunt operation. It 
should be pointed out that, as with 
survival statistics on cancer and other 
lethal diseases, the absolute survival 
rate is of limited meaning unless it is 
viewed in the context of the natural 
history of the disease. 

It must be emphasized that emer- 
gency portacaval shunt was evaluated 
in unselected, consecutive patients, 
many of whom had far-advanced liver 
disease, and that the results cannot 
be compared with those of retrospec- 
tive studies in selected patients. The 
purposes of evaluating unselected pa- 
tients were to avoid bias, to deter- 
mine the applicability of emergency 
portacaval shunt to the whole popu- 
lation of bleeding cirrhotic patients, 
and, ultimately, to define the contra- 
indications to operation so that sound 
criteria for selection of patients for 
emergency shunt could be estab- 
lished. The latter objective has not 
yet been fully realized. Certain preop- 
erative factors have emerged as 
clearly prejudicial against survival. 
These include ascites, severe muscle 
wasting, a small liver, hypokalemic 
alkalosis, and an SGOT level above 100 
units. However, a substantial number 
of patients with these manifestations 
survived the shunt so that, except for 
the extremes of the cirrhosis spec- 
trum, it is not yet possible to identify 
key selection factors or combinations 
of factors that contraindicate oper- 


ation. This should not be interpreted 
as advocacy of the use of emergency 
portacaval shunt in all bleeding cir- 
rhotic patients. Rather, it should be 
concluded that we do not yet have a 
sound basis for predicting which pa- 
tients will not benefit substantially 
from a shunt and, therefore, have 
little hope of long-term survival. 

One of the important results of this 
study was obtained from the intra- 
operative pressure measurements. 
These results have direct bearing on 
the critical questions regarding the 
effects of diversion of portal blood 
flow on liver function, survival, and 
encephalopathy. Contrary to what 
might be expected and has been pro- 
posed,'*'® the survival rate was high- 
est in patients who had the largest 
hepatopetal portal blood flow before 
shunt, and who sustained the great- 
est diversion of portal flow as a re- 
sult of the shunt. On the other hand, 
the patients with the lowest survival 
rate were those in whom the shunt di- 
verted little portal blood away from 
the liver because they had little or no 
hepatopetal portal flow prior to shunt. 
Patients with spontaneous reversal of 
portal flow had the poorest outcome 
of all. There was no correlation be- 
tween the magnitude of portal flow 
diversion and the incidence of en- 
cephalopathy. These findings indicate 
that there are important factors 
other than or in addition to portal 
flow diversidn that determine sur- 
vival and hepatic function after por- 
tacaval shunt. One of these factors is 
the extent to which hepatic artery 
flow performs the physiological func- 
tion of compensating for reduced por- 
tal vein flow. Another likely factor is 
the severity of hepatocellular dys- 
function, as opposed to hemodynamic 
dysfunction, prior to the shunt. Un- 
fortunately, available diagnostic 
techniques do not yet permit defini- 
tion of these and other potential fac- 
tors to the extent that an accurate 
prediction of the response to portaca- 
val shunt is possible. 

The experience of others with 
emergency portacaval shunt is shown 
in Table 6. All of these studies were 
retrospective and involved selected 
patients, and the definition of “emer- 
gency” shunt was sometimes quite 
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liberal. Nevertheless, these statistics 
are of interest and importance. 

On the basis of this ten-year study 
in 115 unselected subjects, we con- 
clude that emergency portacaval 
shunt is the most efective measure 
available for the treatment af bleed- 
ing esophageal varices in patients 
with alcoholic cirrhosis. Criteria for 
exclusion of those patients who are 
unlikely to derive long-term benefits 
from a portacaval shant remain to be 
defined by further studies. 


This investigation was supported in part by 
Public Health Service research grant AM 12281. 


Nonproprietary Name 
and Trademarks of Drug 


Technetium 99m Tc sulfur collcid—Collo- 
sean-99M, Pesuloid Fit. 
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How can you help solve 
the health problems of people like these? 


Heres where to start: 


National Conference on Health Care 
oi the Poor: 
Key Problems and Legislative Issues 


The Shoreham Americana Hotel, 
Washington, D.C. 
March 22-23, 1974 
Sponsored by AMA Committee on 
Health Care of the Poor 


What are the poor’s major health 
problems? What programs and leg- 
islation can be developed to allevi- 
ate them? That’s the focus of this 
Conference. 

You'll hear Congressmen and ex- 
perts in health and medicine discuss 


such topics as: Quality Health Care 
for the Poor--Organization, Financ- 
ing, Delivery and Evaluation; Com- 
munity Health Education; and Health 
Manpower. 

Also featured are presentations 
which examine the health problems 
of migrants, Indians and the Appa- 
lachian and inner-city poor. 

Plan now to attend. For more in- 
formation, write: Gary Schwartz, Com- 
mittee on Health Care of the Poor, 
at the address below. 









535 N. Dearborn St. 
Chicago, Ill. 60610. 


é) American Medical Association 
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Portal Hypertension 


\ 


Therapeutic Portacaval Shunt 


Preliminary Data on Controlled Trial and 
Morbid Effects of Acute Hyaline Necrosis 


William P. Mikkelsen, MD, Los Angeles 


In our study of a controlled trial of thera- 
peutic portacaval shunt, preliminary data 
suggest the superiority of surgical over med- 
ical .treatment. Utilizing the Life-Table 
method of analysis, our data thus far indi- 
- cate a 90% to 95% chance that five-year sur- 
vival for those patients treated by an end-to- 


i; ~ side portacaval shunt is 60%, while survival 


for those treated medically is 10%. 
As a result of a prospective study, it is 


concluded that moderate to severe degrees 


of acute hyaline necrosis adversely influence 
survival after portacaval shunt in cirrhotic 


E _ patients. Thus it is recommended that a liver 


biopsy precede consideration of either an 
emergency or an elective shunt. 


GATA more than five years ago, 
and somewhat reluctantly, our 
“liver group” at the Los Angeles 
County-University of Southern Cali- 


ie fornia Medical Center embarked on a 


controlled trial of therapeutic por- 


“a _ tacaval shunt. To be included in the 


trial, each patient had to have cir- 
rhosis associated with alcoholism, 
have no evidence of acute hyaline ne- 
crosis on liver biopsy, have bled from 
varices at least once, be under 60 
years of age, and satisfy laboratory 
data to be classed as a Child’s group A 
operative candidate. At our weekly 
medical-surgical conference, each 
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suitable patient was randomized into 
either medical or surgical treatment. 
Surgical treatment was always an 
end-to-side portacaval shunt and 
those patients so randomized had 
their shunt performed by the surgical 
resident staff as soon as possible, usu- 
ally within ten days. 


Material 


At the time of this preliminary report, 
38 patients have been randomized into 
medical treatment and 37 into surgical 
treatment. As in most clinical trials, there 
have been some problems. Three patients 
randomized to surgery did not have the ap- 
propriate shunt done for three different 
reasons: one refused, one had a splenorenal 
shunt when a direct portacaval shunt was 
abandoned during surgery, and the third 
contracted serum hepatitis before surgery 


_ and died in hepatic failure. 


In contrast, three patients randomized 
to medical treatment ultimately had a por- 
tacaval shunt performed. In all three in- 
stances, surgery was requested by the pa- 
tient and the house staff caring for him 
after multiple bleeding episodes. Consid- 


ering the large number of bleeding epi- 


sodes in the medically treated patients, it 
is surprising that this did not occur more 
often. For statistical comparison, these six 
patients were considered as withdrawn 
(alive) from the study at the time the 
planned treatment was changed or not car- 
ried out. 

The medical and surgical groups were 
remarkably comparable at the time of ran- 
domization. The medical-surgical mean 
values were as follows: age, 46 and 45.7 


~~ ‘ Eu rà Tin ee ror r 4 > hes - 


years; serum bilirubin, 1.2 mg/100 
both groups; albumin, 3.4 gm/100 
both groups; globulin, 4.2 and 4.0 g 
ml; prothrombin, 71% and 63%; num 
bleeding episodes, 2.7 and 2.8; and n 
of transfusions, 9.5 and 10.8. A slig 
ference existed in sex distribution. 
medical group, 28 were men and 
were women. In the surgical gro 
were men and 12 were women. 


Results and Comment 


In Fig 1, the survival of th 
groups calculated by the Life- 
method is shown. In comparing 
curves, our statistician used th 
dian survival. Using the two-b 
analysis and comparing media: 
vival in the two groups with th 
dian survival for the whole ; 
which is about 42 months, th 
a 90% to 95% chance that th 
groups are different. Howeve) 
real median survival of the sh 
patients has not yet been deter 
because there have not been e: 
deaths. Thus, our statistician 
yet ready to acknowledge stat 
significance of the apparent | 
ence in survival. 

There have been twice as 
deaths in the medically treate 
tients, 18 vs 9. Fifteen of the m 
group died as a direct result of 
ing or hepatic failure following 
orrhage. Two died of hepatic f 
and one from an unknown cau 
the nine deaths in the surgical ; 
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two died within one month of oper- 
ation and seven died later from he- 
patie failure. 

Mm contrast, recurrent encephalop- 
athy occurred in seven of the shunted 
patients and it was severe in two. 
Two of these encephalopathic pa- 
tients have died and are included 
among the nine deaths in the surgical 
group. Although two patients in the 
medical group died cf hepatic failure 
not precipitated by hemorrhage, none 
developed recurrent encephalopathy. 

Since randomization, there have 
been 121 separate bleeding episodes 
among the 35 patients treated medi- 
cally, requiring 397 <ransfusions. Al- 
though the overall mortality in this 
group is slightly greater than 50%, 
the mortality for each bleeding epi- 
sode was only 12%. This contrasts 
with the much higher mortality usu- 
ally given in charity hospital series. It 
probably refleets patient selection; 
every patient here could be cate- 
gorized as a Child’s elass A risk. 

Only two patients in this group 
have not bled, and in both, slightly 
more than two years have elapsed 
sinee randomization. In most, how- 
ever, rebleeding has been severe and 
frequent and the overwhelming ma- 
jority whe died did so within two 
years. Our data have failed to iden- 
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tify which patients will continue to 
bleed. There is no relationship with 
the number of hemorrhages prior to 
randomization. It does appear, how- 
ever, that if rebleeding occurs within 
a few months, it is likely to continue 
and eventually result in death. 

In the group treated surgically, 
there have been three bleeding epi- 
sodes; each was mild, did not re- 
quire transfusions, and was probably 
caused by peptic ulcer. 


Acute Hyaline Necrosis 


In 1968 we reported a retrospective 
study of the influence of acute hya- 
line necrosis of the liver on survival 
after portacaval shunt on a group of 
cirrhotic patients in a private commu- 
nity hospital (Am J Surg 116:266, 
1968). In that study, operative mor- 
tality was 65% among those with 
acute hyaline necrosis; it was 83% 
for those undergoing an emergency 
shunt. In contrast, operative mortal- 
ity for both elective and emergency 
shunts was only 6% for those patients 
without this additive disease. 

The foregoing data led us, in 1968, 
to institute a prospective study that 
involved the identification of the 


presence or absence of acute hyaline 
necrosis in the management of all cir- 
rhoti j 


leeding varices. 
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Clinical Characteristics 
of Acute Hyaline Necrosis 


When full-blown, the syndrome of 
acute hyaline necrosis (or acute alco- 
holic hepatitis) is manifested by ab- 
dominal pain, fever, hepatomegaly 
with tenderness over the liver, and 
leukocytosis in a patient with acute 
and chronic alcoholism. Frequently, 
jaundice, ascites, and encephalopathy 
also exist. Not all of these features 
may be present in the individual pa- 
tient. Their frequency and severity 
bear a direct relationship to lethality 
of the disease. The syndrome may be 
the initial manifestation of liver dis- 
ease or may be superimposed on long- 
standing cirrhosis. In both situations, 
the process is reversible if the patient 
does not die during the acute episode 
and subsequently abstains from alco- 
hol. In some patients in the former 
group, resolution of liver disease may 
be complete, with subsequent liver 
tests and tissue structure returning 
to normal. 

Of the above features character- 
istic of acute hyaline necrosis, one 
seems to be quite specific: liver ten- 
derness. To amplify, diffuse tender- 
ness over an enlarged liver in a pa- 
tient in whom the diagnosis (clinical 
and laboratory) of alcoholic cirrhosis 
can be made almost certainly signi- 
fies the additive lesion of acute 
hyaline necrosis. Unfortunately, only 
about half the patients with this syn- 
drome exhibit liver tenderness. Thus, 
the only positive way for the disease 
to be identified is by histologic exami- 
nation of liver tissue. 


Pathology 


Characteristically, hyaline necrosis 
exhibits discrete hyaline bodies in he- 
patic cells undergoing hydropic de- 
generation. Also associated are vari- 
able degrees of polymorphonuclear 
leukocytic infiltration, fatty meta- 
morphosis, necrosis, and centrolobular 
sclerosis. The hyaline bodies are fre- 
quently irregular in outline, some- 
times rounded, occasionally peri- 
nuclear, often multiple, and usually 
dense. In many cells, less character- 
istic cytoplasmic changes occur. These 
consist of coarse, granular, hyaline 
cytoplasm or irregular hyaline net- 
works or condensations, sometimes 
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termed “cherry bodies” in contrast to 
the typical Mallory bodies. 

The extent of these pathologic 
changes are classified from 1+ to3+. 
The intent has been to identify mild, 
moderate, and severe degrees of dis- 
ease. Mild or 1+ indicates that less 
than 5% of the hepatic cells are in- 
volved. Moderate or 2+ indicates in- 
volvement of 5% to 25% of the cells. 
Severe or 3+ indicates involvement 
of 25% to 100% of the cells. 


Methods 


Since 1968, a percutaneous needle 
biopsy of the liver has preceded any 
decision on surgical or medical treat- 
ment of cirrhotic patients admitted 
with bleeding varices. This has been 
true for almost all of those under- 
going elective shunts as well, since 
the length of abstinence from alcohol 
is uncertain in many. The time re- 
quired for acute hyaline necrosis to 
resolve is variable, but probably oc- 
curs within two to four months. 

Our program utilizes most of the 
usual treatment modalities recom- 
mended for acute bleeding from 
varices. If bleeding is severe, as in 
most, a balloon tamponade utilizing 
strong traction to a face mask is in- 
stituted. The Linton tube is prefer- 
red. We believe it is a rare patient in 
whom bleeding cannot be controlled 
by proper use of a balloon tamponade. 

The usual laboratory blood studies 
are obtained. If the prothrombin time 
is above 40%, needle biopsy of the 
_ liver is done immediately. In a few in- 
stances, reliance was placed on frozen 
section preparation of this biopsy. As 
will be pointed out later, this may 
have been unwise, since minor mis- 
takes in histologic interpretation 
were made. None of these mistakes 
influenced the hospital course of any 
patient, but we now believe it is wiser 
to rely solely on permanent section 
preparation. In our hospital, this re- 
quires 16 to 24 hours, during which 
time nonoperative measures of treat- 
ment are continued. If the liver 
biopsy fails to disclose the presence of 
acute hyaline necrosis, or if it is pres- 
ent but minimal (1+), end-to-side 
portacaval shunt is carried out with- 
out further delay. If hyaline necrosis 
of moderate or severe (2+ or 3+) de- 
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Influence of Acute Hyaline Necrosis on Survival 
Following Bleeding From Esophagogastric Varices 


Portacaval Shunt 


rg Performed 
Hyaline No. of Emer- Elec- Sur- 
Necrosis Patients gency tive vived Die 
Absent 19 5 14 18 
1+ 6 6 0 6 | 
2+ 3 0 3 1 
3+ 12 O O 4 f 


gree is present, nonoperative mea- 
sures are continued and surgery is 
never recommended during this hos- 
pitalization. Those patients who are 
not operated on and who survive their 
bleeding episode are discharged from 
the hospital to be readmitted several 
months later for another liver biopsy. 
If hyaline necrosis has resolved, por- 
tacaval shunt is then recommended. 


Material and Results 


This study comprises 40 patients 
with cirrhosis who were admitted to 
a private community hospital since 
1968, either actively bleeding from 
esophagogastric varices or recently 
having had active bleeding. For the 
most part, these latter patients were 
received as transfers from other hos- 
pitals where the active bleeding had 
been controlled or had ceased sponta- 
neously. Twenty-eight of the group 
had a portacaval shunt performed; al- 
most all were of the end-to-side type. 
Eleven were emergency and 17 were 
elective operations. In the Table, the 
influence of acute hyaline necrosis on 
mortality following emergency and 
elective portacaval shunt and on mor- 
tality from bleeding varices in those 
patients not operated on is summa- 
rized. The shunt was considered to be 


an emergency operation if the balloon : 


tamponade tube was still in place and 
the operation was carried out within 
24 hours of admission. 

Our requirement that the pro- 
thrombin time be at least 40% to per- 
mit liver biopsy has resulted in the 
loss of a few patients from this study. 
These were patients who succumbed 
to bleeding and in whom necropsy 
was not obtained. Probably all of 
these patients had hyaline necrosis, 
but histologic proof was lacking. Also 
excluded were a few patients with 


and without hyaline necrosis wł 
endoscopy, were found to be ble 
from erosive gastritis or peptic u 


Comment 


The number of patients inv 
here is patently too small to wa 
conclusions. Nevertheless, the 
seem to support a continuation < 
program, identifying the presen 
absence of acute hyaline necrosi 
fore proceding with surgery i 
rhotic patients who are bleeding 
varices. 

It is quite apparent that, for 
patients with or without a mi 
degree of acute hyaline necrosi 
erative mortality is within an ac 
able range of about 4%. Progri 
lethality occurred with increasir 
verity of disease. 

Referring to the Table, it w 
noted that nine patients whc 
mild or moderate degrees of hy 
necrosis were operated on. This 1 
appear to represent a departure 
our policy. It came about in th 
lowing manner. Frozen section Į 
ration of the liver biopsy spe 
was relied upon in a few inst 
Obvious hyaline necrosis was 
identified, and emergency opel 
was undertaken. Subsequent pı 
nent section preparation rey 
that mild hyaline necrosis w2 
tually present. All of these initi 
tients did well following surger’ 
this led us to alter our initial pr 
to extend portacaval shunt to 
with mild hyaline necrosis. Po 
as a result of this change in ] 
two patients with a more severe 
of hyaline necrosis (2+) were 
ated on. The permanent s 
biopsy in both patients was in 
read as mild (1+) disease, al 
elective portacaval shunt was 
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formed. Each was reclassified as mod- 
erate (2+) on the finel slide review by 
our hospital pathologist, who had no 
knowledge of the clinical course of 
any ef the patients. Both of these pa- 
tients survived to leave the hospital, 
but died shortly thereafter, one seven 
and the other nine weeks postopera- 
tively. The third patient with moder- 
ate (2+) disease who was operated on 
survived. This patient had an unevent- 
ful postoperative course, and is alive 
and well almost four years later. She 
had an elective shunt; preoperative 
biopsy was not done because she al- 
leged to have ceased drinking six 
months prior to surgery. Eicher her 
allegation was false or her disease 
had persisted for a longer time than 
usual. These patients emphasize some 
of the difficulties involved in utilizing 
liver biopsy examination in such an 
impertant decision-making role. One 
vald criticism that can be made of 
this study is that the histologic inter- 
pretation must be made by a patholo- 
gist interested, knowledgeable, and 
experienced in liver disease. 

Eleven of the 28 patients treated 
with shunts had emergeney oper- 
ations and all survived. In all, hyaline 
necrosis was either absent or mild. 
The one patient who died anc who did 
not have hyaline necrosis was a 43- 
year-old man who had an elective 
shunt three days after his second 
bleeding episode. Preoperative labo- 
ratory values were bilirubin, 1.8 
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mg/100 ml; serum albumin, 3.6 
gm/100 ml; and prothrombin, 40%. 
There was no ascites, encephalopathy, 
or muscle wasting. The operation was 
uneventful, and his initial postopera- 
tive course was satisfactory until the 
fifth day, when ascites steadily in- 
creased, urine volume decreased, 
blood urea nitrogen (BUN) and jaun- 
dice increased. He died 11 days after 
surgery in hepatic and renal failure. 
This is the same manner of death by 
which most of those with hyaline ne- 
crosis died. Preoperative, operative, 
and necropsy liver histologic exami- 
nation showed no evidence of acute 
hyaline necrosis. This patient should 
have been a good operative candidate, 
fitting into Child’s class A category. 
In this case, the absence of acute hya- 
line necrosis did not guarantee a good 
operative result. 

In the Table it will be noted that all 
patients with a severe (3+) degree of 
hyaline necrosis were treated nonoper- 
atively. A critical look at the four 
who survived is justified. One re- 
turned two years later with severe 
bleeding. Liver biopsy at that time 
did not reveal acute hyaline necrosis. 
An emergency shunt was done, fol- 
lowed by an uneventful postoperative 
course. The second patient was rehos- 
pitalized ten months later. Liver 
biopsy demonstrated resolution of 
hyaline necrosis. An elective shunt 
was performed, which also was fol- 
lowed by an uneventful postoperative 


course. The third patient was read- 
mitted to another hospital three 
weeks after discharge with recurrent 
bleeding. In spite of our recommenda- 
tion urging operative caution, an 
emergency shunt was done followed 
by death five days later. The fourth 
patient returned four months after 
discharge with recurrent bleeding. 
Liver biopsy at that time disclosed 
resolution of hyaline necrosis. He 
refused surgery. Now, nine months 
later, he is considering surgery fol- 
lowing a mild bleeding episode that 
did not require hospitalization. 
Eight of the 12 patients treated 
without surgery died. It could be ar- 
gued that an emergency shunt might 


have saved one or more. This cannot 


be denied, but when the course of 
those with severe (3+) hyaline necro- 


sis treated in the earlier series by — 


emergency shunt is examined, this is 
unlikely. Of 11 such patients treated 
surgically prior to 1968, ten died post- 
operatively and the one survivor died 
nine months later. Cognizance should 
not be lost of the fact that four of the 
12 with severe disease did survive to 
leave the hospital, which yields a 
modest survival of 33%. 


Data gathered by the liver group at the Los 
Angeles County-University of Southern Califor- 
nia Medical Center (Arthur Donovan, Oliver 
Kuzma, William Mikkelsen, Allan Redeker, Tel- 
fer Reynolds, and Fred Turrill) was used in this 
investigation. 
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Technique and Results of Operation 


W. Dean Warren, MD; Atef A. Salam, MD, Atlanta; 
Duane Hutson, MD; Robert Zeppa, MD, Miami, Fla 


The selective distal splenorenal shunt has 
been evaluated from the standpoint of its ef- 
fectiveness in control of gastrointestinal 
variceal hemorrhage in the cirrhotic and the 
metabolic changes induced by this proce- 
dure. It has been shown to be superior to to- 
tal portosystemic shunting procedures in the 
metabolic aspects of the study and has a 
markedly lower incidence of encephalopathy 
as compared to previous data from our stud- 
ies as well as those from numerous other in- 
vestigators. The operative mortality has 
been progressively lowered and now has 
reached levels comparable to those experi- 


rom the early reports of 
Whipple’ and Blakemore,** un- 

til the early 60s, it was generally 
agreed that a portacaval shunt pro- 
longed the life of the patient with cir- 
rhosis and esophageal varices. It was 
well recognized that gastrointestinal 
hemorrhage was a major threat to the 
life of such patients, and this has 
been clearly documented in controlled 
clinical studies. The early reports of 
the Columbia group, quickly substan- 
tiated by others, confirmed the effec- 
tiveness of the portacaval shunt in 
the control of variceal hemorrhage. 
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enced in the utilization of total portosys- 
temic shunting procedures. It should be 
clearly recognized, however, that the pres- 
ence of massive ascites is a contraindication 
to the use of the selective portosystemic 
shunt, as this can result in failure to control 
ascites and an unacceptably high mortality 
in this particular group of patients. It is our 
conclusion that, for the patient with cir- 
rhosis of the liver who is free of ascites but 
has had one major episode of hemorrhage 
from gastroesophageal varices, the selective 
distal splenorenal shunt offers the optimal 
method of management at the current time. 


With the demonstration that the op- 
eration successfully controlled the 
leading cause of death in the cirrhotic 
patients with varices, an inter- 
national era of portosystemic shunt- 
ing developed with the chief debate 
being concerned with the type of op- 
erative procedure to be utilized. 

In the late 1950s and early 60s 
intensive clinical studies of some 
hemodynamic measurements of cir- 
rhotic portal hypertension and por- 
tacaval shunting were undertaken in 
our laboratory.*° We concluded that 
certain patients suffered postopera- 
tive changes during hepatic perfusion 
more than others, and this appeared 
to be correlated with a deleterious ef- 
fect on the patients’ clinical status. 
These studies, although based on in- 


-= exact methods in anonrandomized pop- 


ulation, nevertheless led us to conclude 
that for a certain type of patient, a 
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portacaval shunt was pctentially 
harmful. This, indeed, led to our rec- 
ommendation that nonshunting pro- 
cedures be utilized in certain cate- 
gories of patients. 

About the same time, from Boston 
and New Haven, Donn, there ap- 
peared the prospeetive, controlled, 
randomized studies of the effec- 
tiveness of portacaval shunt in the 
treatment of patients with esoph- 
ageal varices and cirrhosis who had 
not as yet experieneed a major gas- 
traintestinal hemorrhage.'*? These 
studies, ultimately earried cut for a 
period of ten years, revealed that 
there was no prolongation of life fol- 
lewing a so-called prophylactic por- 
tacaval shunt; indeed, in some series 
it appeared that there might even be 
fewer long-term survivors following 
operation. Further analysis of these 
data indicated that the potential in- 
creased survival incident tc control 
of gastroesophageal hemorrhage had 
been completely nullified by an accel- 
erated rate of hepatic failure incident 
to the shunting procedures. Although 
all the data on the therapeutic shunt 
(one that follows a major gastroin- 
testinal hemorrhage) are not yet 
clear, it seems likely that no major 
achievement im probongation of life 
has been doeumented.'* 

In addition to the disappointing re- 
sults of this operation in increasing 
survival, there appeered increasingly 
convincing evidence of the induction 
of severe morbidity as a consequence 
of the shunting precedure.’* This 
was seen in its most dramatic form as 
pertesystemic encephalopathy, which, 
with other forms of morbidity, 
markedly restricts the normal per- 
formance of the ordinary activities of 
life. Thus, our early eonviction that a 
pertacaval shunt was detrimental to 
some patients, based on physiologic 
studies of changes in hepatic perfu- 
sion, was supported and reinforced by 
these important clinieal studies. How- 
ever, these randomized studies did 
not provide an optimistic view from 
the standpoint of nonoperative ther- 
apy. Hemorrhage continued to be the 
leading cause of death in the control 
group of patients, end it appeared 
quite evident that some new approach 
to therapy was sorely needed for 
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Fig 1.—Semidiagrammatic depiction of selective distal splenorenal shunt. (From Salam et 


al). 


these unfortunate patients. 

In considering the fundamental 
principles of an effective therapeutic 
regimen for the cirrhotic patient with 
gastroesophageal varices, there were 
two points of management that seemed 
to be of critical importance and a 
third, based on experimental evidence 
from other laboratories,'"'* also ap- 
peared to be a useful concept. The 
first principle was that there should 
be selective decompression of gas- 
troesophageal varices so that effec- 
tive control of hemorrhage could be 
accomplished. The second goal was to 
maintain portal-venous perfusion of 
the liver in as large a volume as pos- 
sible. This was felt to be important, 
based on both clinical and experimen- 
tal data that supported the belief that 
(a) the accelerated rate of hepatic 
failure was secondary to total loss of 
portal flow and the so-called anti- 
atrophic factor and, (b) the metabolic 
deficiencies of the patient who has 
undergone a shunt procedure were 
due largely to total diversion of the 
portal flow from the liver. The third 
feature, the maintenance of a high 
intestinal venous pressure, had been 
shown to be helpful in combating the 
effects of encephalopathy induced by 
protein metabolism in the experimen- 
tal animal which has had a shunt pro- 
cedure." 8 In addition, it was clear 


that such a pressure must be main- 
tained if portal venous perfusion of 
the cirrhotic liver were to be achieved. 

The selective distal splenorenal 
shunt was devised to accomplish these 
fundamental goals!®” (Fig 1). The es- 
sentials of the operation are as fol- 
lows: (1) Establish a normal venous 
pressure in the spleen by anastomos- 
ing the distal (splenic) end of the 
splenic vein to the side of the left re- 
nal vein; this establishes a low-pres- 
sure collecting system in the left up- 
per quadrant of the abdomen. (2) 
Carefully preserve the direct venous 
connections between the spleen and 
the stomach, ie, the short gastric ves- 
sels and other collateral vessels that 
can decompress gastroesophageal vari- 
ces in a retrograde fashion via the 
splenic venous system. As the portal 
venous system is entirely valveless, 
retrograde flow should occur from the 
gastroesophageal veins into the 
spleen and thence through the sple- 
norenal shunt. (3) Isolate, insofar as 
is practicable, the remainder of the 
portal circulation from the gas- 
trosplenic circulation. This is based on 
two important considerations. First, 
the splanchnic flow that passes 
through the splenorenal shunt is lost 
for perfusion of the liver; sec- 
ond, large-volume collateral flow into 
gastroesophageal varices, such as 
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through a large coronary vein, could 
overload the capacity of the gas- 
trosplenic collateral to decompress 
the variceal system, and, thus, possi- 
bly allow recurrent gastrointestinal 
hemorrhage. Consequently, an essen- 
tial part of the procedure is the oblit- 
eration of large, communicating 
venous channels, the most important 
of which are the coronary-azygos 
communications and the umbilical 
vein. This type of procedure, which is 
frequently utilized in noncirrhotic 
portal hypertensive surgery in areas 
endemic with schistosomiasis, has 
been called “portal-azygos dis- 
connection.” Its use in the selective 
distal splenorenal shunt, however, is 
modified to preserve the gastrosplenic 
collateral. 

In this assessment of the selective 
distal splenorenal shunt, several im- 
portant questions can be answered. 
Among these are (1) the patency rate 
of the splenorenal anastomosis, (2) 
the frequency with which portal 
venous perfusion of the liver has been 
preserved in this group of patients, 
(3) the demonstration of metabolic 
advantages of preserving portal flow 
to the liver, (4) fate of the gastro- 
esophageal varices, (5) the incidence 
of recurrent gastrointestinal hemor- 
rhage, and (6) some idea of the inci- 
dence of portosystemic encephalop- 
athy relative to what would have 
been “expected” in a comparable 
group of patients undergoing a total 
portosystemic shunting procedure. A 
final and major question cannot be 
answered by the current study, 
namely, does the selective distal spleno- 
renal shunt prolong life? A prospec- 
tive comparative study of total por- 
tosystemic shunting and selective dis- 
tal splenorenal shunting is now under 
way, but it is too early and the num- 
bers are too small to draw any conclu- 
sions at this point. 


Current Method of Management 
and Operative Technique 


Preoperative Studies.—A general assess- 
ment of the patient’s condition is carried 
out. Of particular note is the evaluation of 
hepatic and renal function and the pres- 
ence or absence of ascites; tense ascites 
contraindicates the procedure. 

Liver Biopsy.—A liver biopsy is obtained 
to help determine the basic nature of the 
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hepatic disease, and, second, to establish 
the presence or absence of acute in- 
flammatory disease whether it be due to al- 
eoholic hepatitis or chronic, aggressive 
hepatitis and cirrhosis. If, for instance, 
acute alcoholic hepatitis is found, the oper- 
ation is delayed if at all possible. 

Preoperative Angiography.—Preoperative 
angiography is utilized to establish the 
presence or absence of portal venous flow 
to the liver and to get a gross estimate of 
the volume of portal venous blood perfus- 
ing the liver.” A second vital part of angi- 
ography is to determine the patency of the 
major veins, such as mesenteric, splenic, 
and portal, and to define their anatomic re- 
lationships. An important addition to our 
preoperative studies has been the catheter- 
ization and characterization of the left re- 
nal vein or veins. This allows a preopera- 
tive assessment of the position of the left 
renal vein relative to the splenic or supe- 
rior mesenteric veins or both and will occa- 
sionally deliniate abnormalities of the 
renal venous system that render it unsuit- 
able for a shunt procedure. The accurate 
localization of the renal vein angiograph- 
ically has greatly decreased the operative 
dissection of the left renal vein, which can 
be somewhat difficult, especially in the 
obese patient. 

Following completion of these studies, 
the decision is made as to whether immedi- 
ate or delayed operation should be under- 
taken. In some instances, the evidence of 
depressed hepatic function and/or evi- 
dence of the presence of severe hepatic in- 
flammatory disease or necrosis, such as 
seen in alcoholic hepatitis, will result in de- 
laying the operation. The efficacy of a med- 
ical regimen must be balanced against the 
danger of recurrent bleeding in the patient 
being studied electively. However, an ex- 
ample of the degree to which the patient 
risk can be minimized is illustrated in the 
Table. This patient was converted from a 
very high risk, class-C patient into a very 
low risk, class-A patient subsequent to her 
medical therapy and abstention from alco- 
hol and underwent an uneventful selective 
distal splenorenal shunt from which she 
has made an excellent recovery. However, 
if there is reason to believe that the he- 
patic disease is as stable as one can realis- 
tically hope to achieve, needless delay in 
the operative procedure should not be 
accepted. 

Operative Management.—The patient is 
placed in a supine position with the left 
side slightly elevated by 10° to 15°. A long 
curving incision is utilized, begining at 
about the right midrectus position and curv- 
ing subecostally bilaterally, extending well 
out into the left flank. When the peritoneal 
cavity is entered, care is taken in the ex- 


ploration of the abdominal viscera 
vascular adhesions in other areas ¢ 
abdomen should be avoided. The 
venous pressure in the intestinal s 
will be lowered little, if at all, by the 
ative procedure, and a torn adhesion 
be the source of significant intra-ak 
nal hemorrhage. For that reason, tl 
dominal exploration is frequently o 
ited scope. The liver is examined an: 
undergo biopsy at this time, or later, 
preference of the operator. If a s 
portogram has been done, the region 
splenic puncture is noted, and if any | 
continues from that area, some ty 
pack is utilized to control further ble 
If the umbilical vein was not divide 
ing the opening of the abdomen, it | 
cifically identified, cross-clamped, li 
and divided to prevent dispersion of 
flow away from the hepatic paren 
and to lessen the possible burden « 
gastrosplenic collateral circulation. 
Although we formerly recommen 
retroperitoneal approach to the s 
vein beneath the transverse mesocol: 
now feel that this is undesirable 
lesser omental bursa is opened widel 
result of the partial gastric | 
cularization, and this gives excellent 
to the region of the pancreas an 
splenic and renal veins. The gast 
omentum is divided outside the gast 
ploic vein, which drains into the spler 
culation. However, at the region of t 
lorus or duodenum, the gastroepiplo: 
and any collateral veins in this area ¢ 
liberately suture-ligated to effect the 
ruption of collateral venous drainage 
from the pancreas or intestine throu 
gastroepiploic system. Adhesions | 
posterior aspect of the stomach are 
fully dissected, clamped, and ligate 
opening into the lesser omental 
along the greater curvature of the st 
is continued until the short gastric 
trosplenic) veins are reached; thes 
carefully preserved. The pancreas ca 
be easily identified by sight, palpat 
both; the peritoneum over its inferi 
der is incised, and the pancreas is 
mobilized over a distance of 8 to 
taking care to avoid tearing the i1 
mesenteric vein. After a sufficient | 
of the pancreas has been freed, gen 
ger dissection of the retroperitoneal 
reveals a plane that allows the panc: 
be reflected anteriorly and cephala 
splenic vein is identified, either visu 
by gentle palpation, adjacent an 
tached” to the posterior surface of tł 
creas. Dissection is then turned me 
and the inferior mesenteric vein is | 
identified at or near its junction w 
splenic vein. Not infrequently, ho 
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the inferior mesenteric vein joins the supe- 
rior mesenteric vein; ore should be aware 
of this possibility and rot mistake the su- 
perior mesenteric vein for the splenic vein. 
The inferoposterior aspect of the splenic 
vein has generally the fewest number of 
collateral vessels, and these are managed 
most simply. Thus, this aspect of the vein 
is cleared of tissue over a distance of 5 to 7 
em to facilitate further dissection. The 
most difficult part of the procedure is 
freeing the splenic vein from its pancreatic 
branches, and great care in this dissection 
should be utilized. We have found it help- 
ful not to clamp these veins, but simply to 
suture-ligate the base and pass a ligature 
around the pancreatic aspect of the vein 
and then divide the vein between ligatures. 
We believe that this reduces the Canger of 
tearing the splenic vein. The dissection of 
the splenic vein is continued until a suffi- 
cient length for anastomosis is obtained. 
In some cases, we have found it advanta- 
geous to divide the splenic vein at its junc- 
tion with the superior mesenteric vein and 
complete the dissection after this has been 
accomplished. However, if this approach is 
planned, the rena! vein should be dissected 
first, as the occlusion of zhe splenic vein re- 
suits in increased pressure in the retroperi- 
tonea! collateral veins ia this area. 

Of great value in the development of 
this operation has been the clear angiograph- 
ic identification preoperatively of the rela- 
tionship of the renal vein to the splenic 
vein. With the splenic vein now clearly dis- 
played, one must enly campare-the relative 
positions by angiegraphy at a given point 
(such as the splenic irferior mesenteric 
vein junction or over the vertebral column) 
to knew exactly how far inferior (caudad) 
to the splenic vein the -enal veir will lie. 
The depth posteriorly cannot be deter- 
mined from this anteroposterier view, and 
the depth of dissection is often surprising, 
particularly in obese p2ople. The duode- 
num should be identifed, amd in some 
cases the ligament of Treitz and adjacent 
tissueshould be divided and the duodenum 
freed to be displaced inferiorty. The dis- 
seetion of the renal vem is not a simple 
part of the procedure, ard great care must 
be taken in order to avoid injury to venous 
collaterals that can resu t in marked blood 
loss and injury to the renal vein. In most 
instances, it is desirable to divide the adre- 
nal vem, and in many instances, we also di- 
vide the gonadal vein to give better mobil- 
ity and exposure for approximation of the 
two veins without tensicn. It is not neces- 
sary to clamp the renal artery, as the use 
of the divided renal vein in renosplenic 
shunts has demonstrated admirably the 
capability of venaus collaterals te decom- 
press the kidney, even with a completely 
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Fig 2.—Modified technique for accomplishing selective distal splenorenal shunt. Note 
complete division of left renal vein and suture closure of splenic vein between anastomosis 
and superior mesenteric vein. (From Warren et al®*) 


occluded renal vein” (Fig 2). With the two 
veins completely dissected, the splenic vein 
is divided close to its junction with the su- 
perior mesenteric, and the mesenteric end 
is closed with a continuous 5-0 arterial su- 
ture. In some patients, the coronary vein is 
readily apparent in this area and can be li- 
gated just above its junction with the por- 
tal vein, as well as more cephalad in the 
subsequent portal-azygos disconnection 
procedure. The choice of site of venovenous 
anastomosis to the renal vein is most im- 
portant; a simple anterior venotomy in the 
renal vein can result in kinking or angula- 
tion. Therefore, by approximation of the 
veins grossly, it should be determined at 
which point the splenic vein would most 
naturally join the renal vein and this area 
would be utilized for anastomosis. A small 
segment of renal vein is usually excised, 


but if the vein is small, this is omitted. A 
long anastomosis is desirable; therefore, 
the splenic vein orifice is shaped obliquely, 
after marking its inferior border, which 
becomes the lateral angle of the anasto- 
mosis. Occasionally, the splenic vein may 
be simply split to give additional anasto- 
motic size if there would appear to be no 
tension on the anastomosis. Care must be 
taken to avoid rotating or twisting the 
splenic vein, since this has been a source of 
thrombosis in all types of end-to-side 
anastomoses. We have utilized a contin- 
uous posterior row of 5-0 arterial sutures 
and have interrupted the anterior row of 
sutures to minimize the eliptical nature of 
the orifice and allow increased dis- 
tensibility of the anastomosis. This, we 
feel, is important, based on palpation of 
the anastomosis through the posterior wall 


Splenorenal Shunt/Warren et al 309 





at 


or gt 
owtt 


we 


of the renal vein. There has been a more 
slit-like opening when two continuous su- 
tures are utilized, as compared to one con- 
tinuous suture posteriorly and then inter- 
rupted sutures anteriorly. 

Following opening of the shunt, atten- 
tion is then turned to completion of the 
portal-azygos disconnection. This, in es- 
sence, amounts to identification and suture 
ligation in one or more places of the coro- 
nary vein and any other major tributaries 
that can be identified in that area. In obese 
patients, this is frequently accomplished 
by utilizing a large needle and simply su- 
turing down into the region of the coro- 
nary azygos junction, taking care to avoid 
damage to the esophagus or to major arte- 
rial structures such as the splenic or he- 


patic arteries. In some instances, the su- 


ture ligature will occlude the left gastric 
artery, which is not undesirable, as long as 
care is taken to preserve the right gastric 
artery. It is also desirable to preserve the 
vagus nerves, as there has been at least 
one incident in which a total devas- 
cularization of the lesser curvature re- 
sulted in a selective vagotomy of the stom- 
ach. The anastomosis is then reinspected 
and palpated, and frequently pressures are 
obtained in the splenic, renal, and superior 
mesenteric veins. However, it has been 
noted repeatedly that there is very fre- 
quently a high splenic vein pressure, be- 
cause of an elevation of the renal vein 
pressure incident to the anastomosis. At 
subsequent measurement at the time of 
the postoperative study, however, this falls 
to much lower levels and should not be of 
great concern if the vein is soft and there 
is a good flow demonstrable by palpation 
of a thrill within the renal vein. 

The wound is closed in layers, and we oc- 
casionally utilize stay sutures placed 
through the abdominal wall down through 
the anterior fascia. We avoid penetration 
of the peritoneal cavity with these stay su- 
tures, because of the danger of leakage of 
ascitic fluid; some ascites develops fre- 
quently in the early postoperative period 
following the distal splenorenal shunt. Be- 
cause of this problem, a careful, water- 
tight closure of the peritoneum and poste- 
rior fascia should be obtained. A nasogas- 
tric tube is utilized to decompress the 
stomach during the operation and postop- 
eratively, and it is not unusual to have evi- 
dence of some minor gastric bleeding in 
the postoperative period incident to the 
trauma of the surgery and the portal-az- 


= ygos disconnection procedure. 


Due to the frequent occurrence of as- 
cites temporarily in the postoperative pe- 
riod, intraoperative and postoperative 
fluid administration should be restricted, 
insofar as possible. This is monitored most 
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effectively by hourly determination of 
urine flow and central venous pressure 
measurements. We frequently utilize a 


combination of mannitol infusion and di- 


uretic therapy to maintain a good urinary 
output and carefully follow central venous 
pressure levels to avoid any concomitant 
depletion of the intravascular volume due 
to simultaneous sequestration of fluid in 
the peritoneal cavity. In this respect, the 
postoperative care of the selective distal 
splenorenal shunt patient differs from that 
of other types of portosystemic decompres- 
sion in which postoperative accumulation 
of ascites is a much less frequent occur- 
rence. 


Results 


Patency of the Splenorenal Anasto- 
mosis.—Patency of the anastomosis 
was determined either angiograph- 
ically or at autopsy in all patients 
with the exception of one person who 
refused postoperative angiography. 
However, in that individual, preoper- 
ative barium swallow examination re- 
vealed large varices that essentially 
disappeared postoperatively; it is as- 
sumed that there is patency of the 
shunt. Of the patients undergoing ei- 
ther the conventional selective distal 
splenorenal anastomosis (Fig 1) or 
the end-of-renal to side-of-splenic 
vein modification of the procedure?’ 
(Fig 2) 55 of 58 patients have demon- 
strated patency of the shunt (Fig 3). 
In one patient there was a clot pres- 
ent at the time of the autopsy, but it 
was not certain whether this was 
completely or only partially occlusive. 
In two patients there clearly was 
thrombosis of the entire shunt, dem- 
onstrated angiographically in one 
and at autopsy in the other. Con- 
sequently, the patency rate can be 
seen to be in excess of 90%, a figure 
far better than that usually obtained 
with conventional splenorenal shunts. 
When critical postoperative studies 
were carried out, thrombosis ap- 
peared to have occurred in 30% to 40% 
of the patients with a conventional 
splenorenal shunt.** 

We believe the reasons for the su- 
perior patency rate of the distal shunt 
are (1) the splenic vein is divided at 
its point of maximal circumference 
near its junction with the superior 
mesenteric vein; (2) the direction of 
flow in the distal shunt blends in with 
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the renal venous flow rather i 
tering “against the stream” a 
in the conventional spl 
shunt. This undoubtedly m 
turbulence and also helps t 
angulation of the splenic veir 
additional factor of importan 
care with which the anasto 
planned and constructed. 
Effectiveness of Decompre: 
Gastroesophageal Varices.—The 
stration of patency of the sple 
shunt would not of itself indi 
fectiveness in prevention of 
esophageal bleeding. This has | 
sessed in two ways. The first h 
the study of esophageal varices 
ium contrast roentgenograph 
lustrated in Fig 4. In this ir 
there has been virtually a to 
appearance of the varices ove 
riod of two years. However, | 
gree of decompression has ni 
seen in all cases; the overall 
are similar to those reported 
ing portacaval shunt where 
30% of the patients with large 
ageal varices retain roentgen 
ic evidence of persistent filli 
fects in the esophagus." Of | 
importance has been the dem 
tion of control of variceal b 
with the longest survivors bein 
than five years postoperative. 
have been two instances of | 
bleeding, neither of these t 
to be due to variceal hemorrh: 
one, a patient was admitted wi 
stage multiple myeloma and 1 
hypercalcemia. He vomited a 
amount of blood terminally, 
was believed that the bleeding 
instance was coming from 
calcemic erosive gastritis rath 
from ruptured esophageal vari 
a second patient there was ej 
of gastrointestinal bleeding fol 
extraction of several teeth. T 
tient had expectorated large ai 
of blood following the extractic 
also apparently swallowed 
shortly thereafter, she was fo 
be anemic with markedly guaia 
tive stools. There was no vomi 
blood, however, and on end 
there was no evidence of residu 
troesophageal varices. Conseq 
it is assumed that the anem 
melena were the result of of tk 
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Fig 3.—Angiographic demonstration of 
patency of splenorenal anastomosis by di- 
rect catheterization of shunt. In most in- 
stances, patency is verous phas2 demon- 
strated angiographically following selective 
imection of splenic artery. Inferior vena 
cava (IVC); left remal vein (LRV); splenic vein 
(SV). 


tiple dental extract.ons. No patient 
has been readmitted to the hospital 
vomiting blood nor has the diagnosis 
been established of recurrent variceal 
hemorrhage. 

Portal Venous Liver Perfusion Post- 
operatively.—This important aspect of 
the postshunt hemodynamic physiol- 
ogy is more difficult to evaluate as 
findings at autopsy do not allow a de- 
termination of the direction of flow 
in the portal vein. Consequently, we 
have depended on angiography for 
the assessment of tais aspect of the 
procedure, and thus far, over 90% of 
patients studied have been shown to 
have had continued portal perfusion 
of the liver (Fig 5). Of equal impor- 
tance has been the nearly identical 
level of preoperativ2 and postopera- 
tive wedged hepatic vein pressures in 
this group of patients. If one assumes 
that there has been no change in out- 
flow resistance (since the portal vein 
is still functioning as an inflow tract 
following the selective distal sple- 
norenal shunt), one can then inter- 
polate from the classic hemcdynamic 
equation that there has been no es- 
sential change in hepatic blood flow 
from the immediate preoperative to 
the immediate postoperative period. 
In the side-to-side splenorenal and 
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Fig 4.—Evaluation of esophageal varices by barium swallow. Left, Preoperative examina- 
tion. Center, Immediately postoperative. Right, Two years postoperative with complete dis- 
appearance of varices. (From Warren et al*°) 


portacaval shunts, the same calcu- 
lations are not valid, as angiograph- 
ically it can be demonstrated that the 
portal veins are now functioning as 
outflow tracts and thus the outflow 
resistance is decreased, thus introduc- 
ing a second unknown into the equa- 
tion” (Fig 6). 

Of great importance have been the 
metabolic studies that have shown 
the importance of maintaining he- 
patic perfusion by the portal vein. 
Figure 7 shows results of our initial 
studies, indicating that there was in- 
deed a marked difference between the 
selective distal splenorenal shunt and 
a total portosystemic shunting proce- 
dure in the metabolism of protein. 
Far more sophisticated techniques 
are now being utilized,***’ and early 
studies have shown a clear differ- 
ential between the total portosys- 
temic shunting procedures and the 
selective shunt. In the selective pro- 
cedure, there has been little change 
from preoperative to postoperative 
status in ability to metabolize protein 
and synthesize urea; however, in the 
total portosystemic shunting group, 
there has been a diminution in the 
great majority of cases, and in some 
patients the decrease has been as 
much as 40%. These marked changes 


have correlated strikingly with the 
development of encephalopathy. 
Encephalopathy.—A problem closely 
related to the metabolic efficiency of 
the patient following a shunt proce- 
dure is that of encephalopathy. Thus 
far, there have been two patients 
with a distal splenorenal shunt who 
have been readmitted to the hospital 
with symptoms related to encephalop- 
athy. In one case, a patient was read- 
mitted to another hospital because of 
coma induced by injection of mor- 
phine sulfate for the control of tri- 
geminal neuralgia. Later studies, 
however, indicated that the patient 
had reversed the portal flow from 
hepatopetal to hepatofugal over a 
four-year period. Additional studies 
indicated that she probably did have 
mild encephalopathy on a chronic 
basis at that time. A second patient 
was readmitted to the hospital with 
mild confusion and found to be bleed- 
ing from dental extractions that had 
been done earlier that week. The 
studies in this patient, however, did 
not support the concept of chronic en- 
cephalopathy, as she had retained 
good metabolic function; this was 
probably an isolated instance of acute 
encephalopathy induced by blood in 
the gastrointestinal tract. In a com- 
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Fig 5.—Portal venous perfusion of liver shown angiographically following selective injec- 
tion of superior mesenteric artery following selective distal splenorenal shunt. Compare with 


Fig 8. (From Warren et al”) 


Fig 6.—Paired studies of corrected sinusoidal pressures (wedged hepatic vein minus free 
hepatic vein). Note maintenance of sinusoidal pressure following distal splenorenal shunt. 


(From Salam et al”) 
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parable series of patients undergoing 
a total portosystemic shunting proce- 
dure, from our previous experience 
and that of many others, we would 
anticipate at least eight to ten per- 
sons would have been clearly identi- 
fied as encephalopathic during that 
period of time. Although the random- 
ized shunt study is only shortly under 
way at this time, there have already 
been two patients readmitted in the 
total portosystemic shunt group in 
hepatic coma. 
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In summary, the analysis of the se- 
lective distal splenorenal shunt pa- 
tient as compared to a total por- 
tosystemic shunting population would 
indicate a very marked reduction in 
the incidence of encephalopathy in 
the patients in whom portal venous 
perfusion to the liver has been main- 
tained. 

Mortality.—The mortality of the op- 
erative procedure has been divided 
into two periods. The original group 
of 12 patients was selected because of 





factors thought to contraindicate a 
conventional total shunt. With this 
study, however, the fundamental 
physiology of the operation and the 
operative technique were established. 
In the second period, which included 
46 patients, the elective use of the 
procedure was begun, and the result- 
ant fall in mortality has been dra- 
matic (from seven to three). The oper- 
ative mortality in the latter group 
over a period of several years is now 
7% vs 58% for the former group, 
which is an excellent mortality for 
this group of patients. The operative 
mortality includes all deaths occur- 
ring within 30 days of operation. Two 
patients died during the second 
month, while still hospitalized, one 
from cancer of the liver and one from 
chronic, aggressive hepatitis. It 
should be emphasized, however, that 
the selective shunt has not been done 
on patients with ascites, which will 
influence the mortality figures. The 
changes in operative techniques and 
preoperative evaluation of the pa- 
tient are thought to have contributed 
greatly to the decline in the mortality 
as well as increasing the experience 
of the group of surgeons involved in 
the performance of this operation. 


Comment 


In considering the surgical therapy 
of bleeding gastroesophageal varices 
by the use of a shunting procedure, it 
is important to differentiate between 
a total portosystemic shunting proce- 
dure and a selective procedure that 
decompresses only a portion of the 
splanchnic or portal system. The term 
“total portosystemic shunting” is 
used to denote those procedures in 
which all of the portal blood flow is di- 
verted away from the liver. This, in 
fact, encompasses all of the so-called 
conventional portosystemic shunts, 
which include the folowing: end-to- 
side portacaval anastomosis, side-to- 
side portacaval anastomosis, the 
double end-to-side portacaval shunt 
of McDermott, the end-of-cava to 
side-of-superior mesenteric vein 
shunt of Marion and Clatworthy, all 
of the H-graft procedures between 
the portal or superior mesenteric vein 
and the inferior vena cava, side-to- 
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side splenorenal shunt, renoportal, re- 
nomesenteric, and renosplenic shunts 
in which there is no ligation of 
the splenic vein, and the so-called 
cenventional or proximal splenore- 
nal anastomosis. Various individuals 
have indicated continued portal per- 
fusien of the liver followmg side-to- 
side portacaval shunts, side-to-side 
splenorenal shunts, and more re- 
cently, the Teflon H-graft inter- 
position between the superior mesen- 
teric vein and the inferior vena cava. 
We have clear angiographic evidence 
that this has not occurred with any of 
these procedures that we have per- 
sonally stmdied (Fig 8). In fact, we 
have recently been utilizing an even 
more “peripheral” stunt, namely, the 
mesorenal H-graft, and here again 
we have documented clearly that 
there is ne continued perfusion of the 
liver following this procedure. Con- 


sequently, all of these procedures may ` 


be justifiably called tota! portosys- 
temie shunting operations. In marked 
contrast are the selective shunt proce- 
dures in which the portal flow to the 
liver is maintained while the variceal 
venous system is decompressed into 
the spleen and thence into the left re- 
nal vein. The great importance of this 
diferential has been borne out by 
metabolic studies that have shown a 
clearly superior handling of gastroin- 
testinal loads of ammonia or protein 
or both as measured both by ammonia 
tolerance and max-mal urea syn- 
thesis, a technique recently developed 
by Rudman and his associates***’ and 
one that hss been found to predict ac- 
curately the development of encepha- 
lopathy. Likewise, th= seleetive distal 
splenorenal shunt has been followed 
by a markedly redueed incidence of 
encephalopathy as compared to that 
following a _ total portosystemic 
shunting procedure. The seleczive dis- 
tal splenorenal shunt has been care- 
fully evaluated from the standpoint 
of prevention of hemorrhage and has 
been extremely successful in this re- 
speet. This is in marked contrast to 
the se-called nonshunting procedures 
advocated »y some investigators de- 
siring to avoid the ill effects of the 
total portesystemic shunting proce- 
dures.***° The nonshunting proce- 
dures in the cirrhotiz patients have 
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Fig 7.—Early metabolic study showing superiority of selective distal splenorenal shunt in 


metabolism of protein. Control group of normals and portacaval shunt group are each sig- 
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Fig 8.—Complete diversion of superior mesenteric flow following mesocaval shunt. Note 
absence of portal flow to liver. Inferior vena cava (IVC); superior mesenteric vein (SMV). 
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been accompanied by both a high im- 
mediate mortality as well as by a 
very high incidence of rebleeding, 
which has severely limited their use- 
fulness when applied to the cir- 
rhotic population; however, reports 
from Egypt, where the basic cause of 


_portal hypertension is schistosomi- 


asis, have been much more favor- 
able.” 

When considering an elective oper- 
ation for a patient without clinical 
ascites, there remain only two essen- 
tial questions related to the selective 
shunting procedure to clearly estab- 
lish it as a markedly superior method 
of management of the cirrhotic pa- 
tient. The first is the question of the 
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immediate operative mortality. Al- 
though this was initially high, it has 
been progressively lowered with in- 
creasing experience, and now appears 
to be essentially the same as that 
with portacaval shunting procedures. 
The final and ultimate question that 
has not as yet been answered is “Is 
there an increased rate of survival 
of patients who have experienced var- 
iceal hemorrhage and have had selec- 
tive splenorenal shunt as compared to 
that with either nonoperative ther- 
apy or to the utilization of a standard 
shunting procedure?” The data are 
not yet available, but a randomized 
study is now under way comparing 
the selective distal splenorenal shunt 
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Hepatic Arterialization 
and Portacaval Shunt 
in Hepatic Cirrhosis 


A survey of the results obtained by four 
teams of workers shows that hepatic arterial- 
ization has usually been combined with elec- 
tive portacaval anastomosis (PCA); in some 
patients, however, it has been done for the 
relief of encephalopathy months or years af- 
ter PCA, and in other patients it has been as- 
sociated with emergency PCA. Total hepatic 
blood flow after PCA plus arterialization with 
a small-caliber artery is equal to, or slightly 
greater than, the preshunt flow. After PCA 
plus arterialization the immediate postopera- 
tive complications are no worse than after 
PCA alone, but the subsequent incidence of 
portosystemic encephalopathy is less. The 
arteriovenous anastomosis itself is unlikely 
to be permanent. If it remains patent 
throughout the first postoperative year, 
which is the most critical phase of the post- 
shunt course, it will have served a useful 
purpose. 


n portal hypertension secondary 
to hepatic cirrhosis, end-to-side 
portacaval anastomosis (PCA) is ef- 
fective in preventing rebleeding from 
esophagogastric varices. However, it 
is associated with a high incidence of 
portosystemic encephalopathy and of 
death from hepatocellular failure, dis- 
advantages that are attributed to re- 


duction of total hepatic blood flow 
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An Assessment 


(THBF) as a result of diversion of 
portal-venous blood.' Therefore, sur- 
geons have sought to devise proce- 
dures that would effect portal decom- 
pression while at the same time 
maintaining hepatic blood flow at 
preshunt levels. One such technique is 
arterialization of the hapatic end of 
the portal vein after performance of 
end-to-side PCA. Our purpose here is 
to trace the development of this oper- 
ation, to describe its different modali- 
ties, to outline the experience of its 
principal exponents, and to assess its 
place in hepatic surgery. 


Early Experimental Work 


The early experimental work on 
liver arterialization up to 1955 has 
been well described by Jones and his 
associates,’ and only the more recent 
studies will be discussed here. 

When aarterialization was per- 
formed after PCA in dogs with nor- 
mal livers, liver regeneration and 
postoperative THBF were better,’ 
survival was longer, and ammonia 
clearance was more efficient®® than 
when PCA was performed alone. On 
the other hand, structural and bio- 
chemical abnormalities—intimal fi- 
brosis of intrahepatic portal vein 
branches and alteration in micro- 
somal enzyme activity—have been 
found in the livers of dogs with 
splenoportal arteriovenous anastomo- 
sis.’ An ultrastructural study in 
dogs with portal arterialization not 
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Fig 1.—A, Liver arterialization as performed by Adamsons et al. B, Liver ar- 
terialization as performed by Burlui et al. C, Liver arterialization as performed 
by Matzander et al. D, Liver arterialization as performed by Maillard et al. 


preceded by PCA revealed changes in 
the hepatic sinusoids, consisting of 
damage to the endothelial lining, 
widening of the spaces of Disse, dis- 
appearance of the microvilli of hepa- 
tocytes, and the presence in the 
sinusoid lumina of cell debris originat- 
ing in hepatocytes with ruptured cell 
membranes.* Increased portal fibro- 
sis, polymorphonuclear infiltration of 
the portal canals, foci of liver cell ne- 
crosis, and dilatation of intrahepatic 
portal branches with thickening of 
their walls have been noted in cirrhot- 
ic rats who have undergone hepatic 
arterialization and PCA.* These mor- 
phological studies in animals’-’ were 
not accompanied by investigation of 
THBF or of sinusoidal pressure. In 
one study,’ deterioration in the re- 
sults of liver function tests during the 
first postoperative week was greater 
in rats with PCA alone than in rats 
with PCA plus arterialization, but 
liver function in the arterialized ani- 
mals subsequently deteriorated until 
the two groups were alike in this re- 
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spect. As for the effects of arterializa- 
tion on the normal liver in man, a 
valid model is provided by portal-ar- 
teriovenous fistula, spontaneous or 
traumatic; an analysis of 54 such 
cases revealed minimal morphological 
or functional hepatic changes. 


Techniques 


Although, as was to be expected, the re- 
sults of the pioneer operations for arteri- 
alization of the human cirrhotic liver after 
PCA were inconclusive or discouraging,” 
a growing body of experience, based on the 
work of Adamsons et al in the United 
States,'*'* (and according to a written com- 
munication from R.J. Adamsons, MD, in 
February 1973) of Burlui et al in Ru- 
mania,“ of Matzander et al in Germany,’ 
and of Maillard et al in Fance,** has contin- 
ued to develop. (The following accounts of 
the work of these four teams are based on 
the latest information accessible to us. 
More data were available for some teams 
than for others, and this explains a rela- 
tive imbalance in the attention devoted to 
their respective experience and achieve- 
ments.) The techniques favored by these 


workers are as follows: (Adamsons et al) 
arterialization of the hepatic portion of the 
portal vein by side-to-end anastomosis be- 
tween the right gastroepiploic artery and 
the reopened umbilical vein (Fig 1,A); 
(Burlui et al) anastomosis between the 
splenic artery and the reopened umbilical 
vein or, where this is impracticable, aorta- 
umbilical vein shunt by means of a Teflon 
prosthesis (Fig 1,B); (Matzander et al) 
anastomosis; by means of a 25-cem segment 
of the internal saphenous vein, between ei- 
ther the right common iliac artery or the 
right ileocolic artery and the hepatic stump 
of the portal vein (Fig 1,C); (Maillard et al) 
end-to-end anastomosis between the 
splenic artery and the distal portion ef the 
portal vein, the splenic artery being di- 
vided as near to the spleen as possible and 
the spleen continuing to receive blood 
through the short gastric vessels (Fig 1,D). 

Liver arterialization by means of an 
aortoportal prosthesis was used by Mail- 
lard et al in a small number of cases, but 
given up as unsatisfactory. 


Indications 


All the PCA-plus-hepatic-arterialization 
operations hitherto described, including 
those now reported for the first time, have 
been performed in patients with hepatic 
cirrhosis and portal hypertension. 

Most of these operations were per- 
formed electively because of upper gas- 
trointestinal tract bleeding. In such cases 
Adamsons et al’? (and according to a writ- 
ten communication in February 1973) re- 
gard increase of pressure of more than 3 
em H,O in the hepatic portion ef the portal 
vein, after occlusion of the vein by clamp, 
as a contraindication to arterialization. 

Late hepatic arterialization for the relief 
of intractable encephalopathy has been 
performed in four cases, by Adamsons in 
one case (written communication, Febru- 
ary 1973), three years after PCA, and by 
Burlui et al" in three cases, three to six 
months after PCA. It was attempted by 
Maillard et al in one case, two years after 
PCA, but proved to be impossible because 
of previous thrombosis of the intrahepatic 
portal vein. 

Liver arterialization combined with 
emergency portosystemic decompression 
has been used by Adamsons et al only” 
(and according to a written communication 
in February 1978). 


Short-Term Results 


Mortality.—The early postoperative 
mortality is summarized in the Table. 
The causes of early postoperative 
death were as follows: Adamsons et 
al, not specified; Burlui et al, bron- 
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chopneumonia (one case), hepatic fail- 
ure (two cases), septicemia (one case), 
and splenoportal thrombosis (one 
case); Matzander et al, hemorrhage 
from inferior vena ceva (one ease), ul- 
cerative enteritis (one case), and erro- 
neous operation (one case); Maillard 
et al, acute traumatic pancreatitis 
(one case), coma (possibly cue to vita- 
min B, deficiency) (one case), gastro- 
duodenitis (one case). infected ascites 
(one case), septicemia (one case), and 
septie splenic hematoma after spleno- 
portography (one case). 

It will be noted thet in none of the 
cases in which the cause of postopera- 
tive death has been reported was 
death directly attributable to the ar- 
terialization. Trauma to the pancreas 
during dissection was probably the 
cause of acute pancreatitis in one of 
the cases of Maillard et al. 

Patency of the Arteriovenous Anasto- 
mesis.—This was explored by celiac 
axis arteriography during the first 
postoperative month in the series of 
Adamsons et al and of Maillard et al. 
The anastomosis was patent in all of 
the 15 patients of Adamsons et al who 
survived the operation. Of the 30 pa- 
tients of Maillard et al whe survived 
the operation, the anastomosis was 
patent in 21, and thrombosed in nine. 
In addition, Maillard et al had four 
patients in whom arterialization was 
indieated but could nct be performed 
(because the splenic artery was scle- 
rosed or because th2 patient was 
obese) and, therefore, simple end-to- 
side PCA was done. Thus, these sur- 
geons had (1) 21 surviving patients 
with PCA plus patent arteriovenous 
anastomosis; (2) a control group of 13 


patients with end-to-side PCA with- 


out arterialization, namely, nine with 
thrembosed arteriovenous anasto- 
mosis and four in whom arterializa- 
tion was not possible. 

Hepatic Blood Flow and Hepatic 
Venous Pressure.—Adamsons et al 
measured THBF preoperatively and 
postaperatively by the indocyanine 
green infusion technique in three pa- 
tients; two of the patients showed no 
postoperative reduction in THBF, 
while in the third a moderate de- 
crease was observed. Hepatic vein 
wedge pressures, estimated by Adam- 
sons et al, remained w-thin the same 
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Fig 2.—Total hepatic blood flow in 14 patients before and after portacaval anastomosis 
plus liver arterialization (technique of Maillard et al). Arteriovenous anastomosis patent 
(open circles). Arteriovenous anastomosis thrombosed (closed circles). 


range preoperatively and postopera- 
tively. 

Maillard and associates'’ measured 
THBF by the indocyanine green con- 
stant infusion technique before and 
after operation in 14 patients, in 11 of 
whom the arteriovenous anastomosis 
was patent and in three of whom it 
was thrombosed; the results are 
shown in Fig 2. In the 11 patients 
with a patent anastomosis the postop- 
erative THBF was approximately the 
same as it was preoperatively: in 
seven of the 11 patients the postoper- 
ative THBF was 350 ml/min higher 
than the preoperative value, while in 
the remaining four patients the post- 
operative value was the lower of the 
two, probably because of the small 
caliber of the arteriovenous channel. 
In the three patients in whom the 
anastomosis was thrombosed, the 
postoperative THBF was 50% less 
than the preoperative value. 

Hepatic sinusoidal pressure was 
recorded before and after operation 
in 17 of the patients of Maillard et al, 
in 13 of whom the arteriovenous 
anastomosis was patent and in four 
of whom it was thrombosed; the re- 
sults are shown in Fig 3. In four of 
the 13 patients with a patent anasto- 
mosis the postoperative sinusoidal 
pressure was higher than the preoper- 


ative value; there was no relation be- 
tween increase in sinusoidal pressure 
and increase in THBF; the subse- 
quent course in these four patients 
was similar to that in the others, and 
they had no intractable ascites. In the 
remaining nine patients with a pat- 
ent anastomosis and in the four pa- 
tients with thrombosis of the anasto- 
mosis, the postoperative sinusoidal 
pressure values were the same as the 
preoperative values. 


Long-Term Results 


Mortality.—The long-term mortal- 
ity is summarized in the Table. Of the 
ten patients of Adamsons et al oper- 
ated on electively, five died between 4 
and 26 months after the operation, 
two from failure of the arteriovenous 
anastomosis and subsequent rapid he- 
patic decompensation (4 and 19 
months later, respectively), one from 
septicemia following abdominal trau- 
ma (6 months later), one from hepatic 
failure due to alcoholism and malnu- 
trition (6 months later), and one after 
emergency gastrectomy for a bleed- 
ing duodenal ulcer (26 months later). 
The remaining five patients were 
alive 9 to 44 months after operation. 
Of the five patients of Adamsons et al 
who survived emergency decompres- 
sion plus arterialization, one was lost 
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Fig 3.—Hepatic sinusoidal pressures in 17 patients before and after por- 
tacaval anastomosis plus liver arterialization (technique of Maillard et al). 





Arterialization of Liver in Hepatic Cirrhosis: 
Postoperative and Long-Term Mortality in Reported Cases 


Indication for 
Arterialization 


Elective 
Delayed elective 
Emergency 


Elective 
Delayed elective 


Elective 
Elective 


Adamsons et al? 12+ 


Burlui et al" 


Matzander et al’ 
Maillard et al% 
* Written communication, February 1973. 


t Groups B and C of Child.” 
ł Group C of Child.” 


No. of 
Postoperative 
Deaths 


No. of 
Long-Term 
Deaths 


No. of 
Cases 





§ In nine of these patients hepatic cirrhosis was at an early stage and only liver arteriali- 
zation was performed without preceding portacaval anastomosis. 


|| Groups A and B of Child.” 


to follow-up, one died after nine 
months, and three were alive 9 to 15 
months after operation. 

The 11 patients of Burlui et al who 
survived the postoperative period 
were alive from 18 to 30 months after 
operation. Of the 21 patients with 
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PCA and a patent arteriovenous 
anastomosis of Maillard et al, who 
survived, one died three years after 
operation from hemorrhagic gastro- 
duodenitis, two were alive less than a 
year after operation, and 18 have sur- 
vived for a year or more. In the con- 


trol group of 13 patients with PCA 
without arterialization of Maillard et 
al, all have survived, seven of them 
for over one year since operation. 

Patency of the Arteriovenous Anasto- 
mosis.—Maillard et al checked the pa- 
tency of the arteriovenous anasto- 
mosis in ten patients one year after 
operation by means of celiac axis ar- 
teriography. The results were as fol- 
lows: the anastomosis was patent in 
eight instances; there was good he- 
patic vascularization in two in- 
stances, fair vascularization in four, 
and the status was unknown in two 
instances. The anastomosis was 
thrombosed in two instances. 

Hepatic Function.—In ten patients in 
whom Maillard et al conducted liver 
function tests one year after oper- 
ation, the results of the tests were 
substantially the same as those be- 
fore operation. 

Blood Platelets.—The mean blood 
platelet count in the 21 patients with 
PCA plus splenic artery ligation of 
Maillard et al had returned to, but not 
exceeded, normal levels one month af- 
ter operation; a year after operation 
(in nine of these patients) it had 
fallen again to the preoperative value 
(Fig 4). | 

Encephalopathy. — Encephalopathy 
did not develop in any of the patients 
of Adamsons et al or of Burlui et al. 

Of the 18 patients with patent arte- 
riovenous anastomosis of Maillard et 
al who have been observed for a year 
or more, encephalopathy has devel- 
oped in three, while of his seven con- 
trol patients with a year follow-up, 
encephalopathy has developed in four 
(P=.05). 

In all of the four patients who un- 
derwent late hepatic arterialization 
for intractable encephalopathy, the 
encephalopathy was relieved. In the 
patient of Adamsons et al increased 
protein tolerance was demonstrated 
by a protein tolerance study, the re- 
sults of which are illustrated in Fig 5. 


Comment 


The fundamental merit of arteriali- 
zation of the liver during operation 
for portal hypertension in hepatic cir- 
rhosis is that it enables end-to-side 
PCA to be done without causing an 
immediate reduction in THBF. As an 
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Fig 4.—Effect of portacaval anastomosis plus splenic artery liga- 
tionn blood platelet count: preoperatively (mean of 21 patients); 
one month postoperatively (mean of 21 patients); one year postop- 


Fig 5.—Protein tolerance study in a patient with liver arterializa- 
tion performed for relief of encephalopathy three years after por- 
tacaval anastomosis (R. J. Adamsons, MD, written communication, 


eratwely (mean of nine patients) (technique of Maillard et al). 


adjunct to elective PCA it reduces the 
incidence of encephalopathy but does 
not affect hepatic function. It may be 
performed months or years after 
PCA to relieve postanastomotic en- 
cephalopathy. When combined with 
emergency PCA, it decreases the im- 
mediate postoperative mortality. 
The principal reservations concern- 
ing hepatic arterialization are based 
on the possible deleterious effects of 
an increased inflow of arterial blood 
on the function and structure of the 
cirrhotic liver. The experimental data 
available’ are not reassuring in this 
respect. No long-term liver biopsies 
have as yet, so far as we know, been 
performed in human subjects in 
whem arterialization has been accom- 
plished. There is evidence that the se- 
verity of hepatic changes consequent 
from arterialization is proportional to 
the extent to which blood flow in the 
arteriovenous channel exceeds the 
preshunt porta! flow. In patients with 
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February 1973). 


PCA and hepatic arterialization by 
way of an aortoportal prosthesis de- 
scribed by Maillard et al, blood flow 
through the prosthesis was higher 
than the preshunt portal venous flow; 
the immediate postoperative results 
were less satisfactory than in pa- 
tients in whom the same workers per- 
formed PCA followed by arterializa- 
tion through a splenic artery-portal 
vein anastomosis; in these latter pa- 
tients blood flow through the arterio- 
venous anastomosis was the same as 
the preshunt portal flow. Postmortem 
histologic examination of the liver 
two years after operation in one of 


the patients with an aortoportal pros- 


thesis disclosed collagen fibrosis of 
the intrahepatic portal veins. It is in 
order to protect the liver from exces- 
sive perfusion that Adamsons et al 
and Maillard et al have selected ar- 
teries of relatively small caliber, re- 
spectively, the right gastroepiploic 
artery and the splenic artery. 


Arterialization failure does not jeo- 
pardize the patients’ chanees. The 
nine patients of Maillard et al in 
whom the arterial channel immedi- 
ately thrombosed were in the same 
situation, neither worse nor better, as 
patients who had had a simple PCA, 
for they still had a functioning por- 
tacaval shunt. This contrasts with 
other modifications of PCA that have 
been proposed, in which failure may 
result in thrombosis of the PCA and, 
indeed, of the entire portal system. 

Arterialization is not to be looked 
on as a permanent arrangement. At 
one-year follow-up in the series of 
Maillard et al, the arterial channel 
was no longer patent in two cases, 
while in another four cases hepato- 
graphy showed thrombosis of the in- 
trahepatic branches of the portal 
vein. However, Maillard and associ- 
ates’? have demonstrated that the 
morphological and functional state of 
the cirrhotic liver after PCA has a 
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bearing on survival in the first post- 
operative year only. After the first 
year, survival curves of cirrhotic sub- 
jects with shunts and with severe and 
moderate histologic and functional 
hepatic defects respectively, run a 
parallel course. The life expectancy of 
cirrhotic patients with PCA who sur- 
vive the first postoperative year is 
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substantially the same as that of nor- 
mal individuals. It would seem that 
the liver needs a year to adapt itself 
to the new hemodynamic conditions. 
If, by maintaining an adequate 
THBF during this period of adjust- 
ment, hepatic arterialization enables 
a greater number of patients to sur- 
vive into the relative security of the 
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How much has her rheumatoid arthritis improved? 








Ring Size— measured in millimeters to evaluate Walking time—determined by the number of 
swelling of finger joints seconds required to walk 50 feet 
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Grip strength— measured in millimeters of Inflammation index — arrived at by ascribing 
mercury using a rolled sohygmomanometer cuff values of 1 to 4 to degree of pain, redness, swelling, 


tenderness, and presence of joint fluid; then 
totalling five parameters 


Ascriptin helps her get the most from aspirin therapy 


When you specify Ascriptin, you’re specifying Maalox® -protected aspirin. Ascriptin 
eases joint pain, stiffness and inflammation, while guarding against aspirin-induced 
gastric distress. That means your patient is more-likely to tolerate the high dosage 
level of aspirin required to reduce arthritic oa 
inflammation. Thus, the patient will stay In rheumatoid and osteoarthritis 
with an optimal dosage over an extended 

period, hopefully showing greater improve- 

ment. After all, if dosage is optimal, 

chances are that therapeutic benefits of 

Ascriptin will be, too. the Maalox“ -protected aspirin 


WILLIAM H. RORER, INC. 
Fort Washington, Pa. 19034 == 





1. Artist's conception of cutaway view of gallbladder contain- 
ing stones which, by causing irritation of the organ’'s interior 
wall and restricting biliary hen, may play a role in the re- 
peated episodes of inflammation and infection associated 
with chronic cholecystitis. 

2. Artist's conception of microscopic section of gallbladder 
wall showing chronic state with superimposition of inflam- 
mation, edema and necrosis due to an acute episode. 


A unique view of the gallbladder, from the inside looking out, 
by means of a true-to-life plastic model. 
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Vibramycin doxycycline) 
penetrates gallbladder tissue to 
reach susceptible pathogens 


Vibramycin can be useful in 

cholecystitis because it provides a wide 

antibacterial spectrum and therapeutic 

tissue concentrations: Vibramycin 

is active against susceptible'strains 
Concentrations of oral Vibramycin in gallbladder tissue | of bacteria 


|200 mg. P.O. stat and 100 mg. P.O. once daily until surgery? | including Escherichia 
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1. Because not all strains of pathogens are susceptible, it is recommended 
that routine culture and susceptibility tests be performed. 

2. Fabre, J. et al.: Schweiz. Med. Wochenschr. 97:915, May 17, 1967. 

3. Concentration in the bile taken simultaneously: 24.2 mcg./ml. 


Vibramycın IV. 


(doxycycline hyclate for injection) 


100-mg. vials containing doxycycline hyclate equivalent 
to 100 mg. doxycycline with 480 mg. ascorbic acid 
200-mg. vials containing doxycycline hyclate equivalent 
to 200 mg. doxycycline with 960 mg. ascorbic acid 
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See Brief Summary on following page for information on side effects and contraindications. 
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susceptible pathogens... 
VibramycinlV. 


(doxycycline hyclate for injection) 


100-mg. vials containing doxycycline hyclate equivalent 
to 100 mg. doxycycline with 480 mg. ascorbic acid 
200-mg. vials containing doxycycline hyclate equivalent 
to 200 mg. doxycycline with 960 mc. ascorbic acid 


Important facts about 
Vibramycin (doxycycline) 


= can maintain therapeutic blood 
levels with a single daily infusion 


= can be used without complexities 
of dosage alteration in patients with 
impaired renal function 


= does not significantly elevate BUN 
in patients with renal insufficiency 


€" virtually the same broad range 
of indications when switching from 
I.V. to oral form 


“Because not all strains of pathogens are susceptible, it is recommended that routine culture 
and susceptibility tests be performed. 


Vibramycin” Hyclate (doxycycline hyclate) and 

Vibramycin*® 1.V. (doxycycline hyclate for injection) 

BRIEF SUMMARY 

Contraindicated: In persons hypersensitive to any of the tetracyclines. 


Warnings: Use of tetracyclines during the last half of pregnancy, infancy and childhood to 
the age of 8 years may cause permanent discoloration of developing teeth. This is more 
common during long-term use of the tetracyclines but has been observed following repeated 
short-term courses. Enamel hypoplasia has also been reported. Thus, tetracyclines should 





contraindicated. Individuals receiving tetracycline antibiotics should be advised that direct 
sunlight or ultraviolet light can cause photosensitivity reactions. If these reactions 
(exaggerated sunburn) occur, discontinue therapy. Doxycycline forms a stable calcium 
complex in any bone-forming tissue. Fibule growth has been decreased in prematures given 
oral tetracyclines 25 mg./kg. q. 6 h., but this reaction was reversible when the drug 

was discontinued. 

The antianabolic action of the tetracyclines may cause an increase in BUN. Studies to date 
indicate that this does not occur to a significant degree with the use of Vibramycin in 
patients with impaired renal function. 

Vibramycin Intravenous has not been studied in pregnant patients. It should not be used 
in pregnant women unless, in the judgment of the physician, it is essential for the welfare of 
the patient. 

Animal studies indicate that tetracyclines cross the placenta, are found in fetal tissues and 
can have toxic effects on the developing fetus. Evidence of embryotoxicity has also been 
noted in animals treated early in pregnancy. 

The use of Vibramycin Intravenous in children under 8 years is not recommended because 
safe conditions for its use have not been established. 

Tetracyclines are present in the milk of lactating women who are taking a drug in this class. 
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Precautions: Overgrowth of nonsusceptible organisms may occur, including fungi. If such 
superinfections are encountered, discontinue Vibramycin and institute appropriate therapy. 

In venereal disease when coexistent syphilis is suspected, a dark -field examination should 
be done before initiating therapy. Conduct monthly serological tests for at least 4 months. 

Because tetracyclines depress plasma prothrombin activity, patients on anticoagulant 
therapy may require downward adjustment of their anticoagulant dosage. 

In long-term therapy, conduct periodic laboratory evaluation of organ systems, including 
hematopoietic, renal and hepatic. 

Treat all Group A beta-hemolytic streptococcal infections for at least 10 days. 

Avoid giving doxycycline with penicillin because of possible interference with penicillin 
activity. 

Antacids containing aluminum, calcium, or magnesium impair absorption and should not 
be given concomitantly to patients taking oral Vibramycin. 


Adverse Reactions: Anorexia, nausea, vomiting, diarrhea, glossitis, dysphagia, enterocolitis, 
inflammatory lesions (with monilial overgrowth) in the anogenital region, maculopapular 
and erythematous rashes, exfoliative dermatitis, photosensitivity, urticaria, angioneurotic 
edema, anaphylaxis, anaphylactoid purpura, pericarditis, exacerbation of systemic lupus 
erythematosus, hemolytic anemia, thrombocytopenia, neutropenia and eosinophilia have 
been reported. Prolonged administration of tetracyclines may produce brown-black 
microscopic discoloration of thyroid glands. No abnormalities of thyroid function studies 

are known to occur. Bulging fontanels have been reported in young infants on therapeutic 
dosage but disappeared when the drug was discontinued. A dose-related rise in BUN has 
been reported. 


Oral Adult and Children’s Dosages: See the Vibramycin Oral package insert for 
recommended dosage schedules for adults and children. 


Intravenous Dosage and Administration: Note: Rapid administration is to be avoided. 
Parenteral therapy is indicated only when oral therapy is not indicated. Oral therapy should 
be instituted as soon as possible. If intravenous therapy is given over prolonged periods of 
time, thrombophlebitis may result. 

The usual dosage and frequency of administration of Vibramycin I.V. (100-200 mg./day) 
differs from that of the other tetracyclines (1-2 Gm./day). Exceeding the recommended 
dosage may result in an increased incidence of side effects. 

Studies to date have indicated that Vibramycin, at the usual recommended doses, does not 
lead to excessive accumulation of the antibiotic in patients with renal impairment. 


Intravenous Adult Dosage: The usual dosage of Vibramycin |.V. is 200 mg. on the first day 
of treatment administered in one or two infusions. Subsequent daily dosage is 100 to 
200 mg. depending on the severity of infection, with 200 mg. administered in one or two 
infusions. 

In the treatment of primary and secondary syphilis, the recommended dosage is 300 mg. 
daily for at least 10 days. 


Intravenous Children’s Dosage: The recommended dosage schedule for children weighing 
100 pounds or less is 2 mg./lb. of body weight on the first day of treatment, administered in 
one or two infusions. Subsequent daily dosage is 1 to 2 mg./Ib. of body weight given as one 
or two infusions, depending on the severity of the infection. For children over 100 pounds 
the usual adult dose should be used. (See “Warning” Section for Usage in Children.) 


General: The duration of infusion may vary with the dose ( 100 to 200 mg. per day), but is 
usually one to four hours. A recommended minimum infusion time for 100 mg. of a 

0.5 mg./ml. solution is one hour. Desired concentrations of the final solution should be 

0.2 mg./ml. to 0.5 mg./ml. Concentrations below 0.1 mg./ml. or above 1.0 mg./ml. are not 
recommended. Therapy should be continued for at least 24-48 hours after symptoms and 
fever have subsided. The therapeutic antibacterial serum activity will usually persist for 

24 hours following recommended dosage. 

Intravenous solutions should not be injected intramuscularly nor subcutaneously. Caution 
should be taken to avoid the inadvertent introduction of the intravenous solution into the 
adjacent soft tissue. 

More detailed professional information available on request. 
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Portal Hypertension 


Hepatic Coma in Cirrhosis, 


Portal Hypertension, and 
Following Portacaval Shunt 


Its Etielogies and the Current Status of Its Treatment 


Josef E. Fischer, MD, Boston 


Thes article considers the pathogenesis of 
hepatic coma. Molecular mechanisms involv- 
ing possible disorders in cerebral trans- 
mitters are related to the most salient fact 
about hepatic coma: the liver-brain axis. 
Various competing, but not necessarily mu- 
tually exclusive, theories are examined for 
relevance and compatibi ity with clinical and 
experimental information. Evidence is pre- 
sented against the role of ammonia as the 
sole factor in the pathogenesis of coma. 
Known amino acid imbalances in hepatic 
comaare related to possible disturbances in 
neurctransmitters in the brain and the role 
of false neurotransmitters examined. Ther- 
apy is related to biochemical mechanisms. 


mplicit in this article is an 
assumption that may be incorrect, 
that is, there is a single cause for all 
forms of hepatic coma. Any discus- 
sien concerning the cause and treat- 
ment of hepatic encephalopathy and 
coma must assume certain generally 
agreed on common factors.’ 
1. Decreased hepatic function and 
shunting of blood around the liver are 
usually present. 





Aceepted for publication Oct 18, 1973. 

Frem the Department of Surgery, Harvard 
Medical School; and the Surgical Physiology Lab- 
oratory, Massachusetts General Hospital, Bos- 
ton. 

Eeprint requests to Department of Surgery, 
Massachusetts General Hospital, Boston 02114 
(Dr. Fischer). 


Areh Surg/ Vol 108, Mareh 1974 


2. Substance (s) involved in the 
production of hepatic encephalopathy 
arise in the gut. 

3. These substances appear to be of 
nitrogenous origin as hepatic enceph- 
alopathy may be provoked by in- 
creased dietary protein or by gas- 
trointestinal tract bleeding. While 
ammonia is generally not regarded as 
being the villain in the pathogenesis 
of hepatic coma, the frequency with 
which serum ammonia is increased is 
further evidence for abnormalities in 
nitrogen metabolism in hepatic coma. 

4. Gut bacterial flora have a role 
in the causation of hepatic encepha- 
lopathy. Decreasing the numbers of 
bowel flora by “intestinal ster- 
ilization” is one of the more eff- 
cacious forms of therapy. 


Precipitating Causes 


The usual precipitating causes in 
hepatic encephalopathy are compro- 
mised hepatic function and intoler- 
ance to gut protein. In addition, a 
variety of additional causes may be 
present. These include sedatives that 
may be partially metabolized by the 
liver and include opiates,’ tranquil- 
izers, barbiturates, and anti- 
histamines.® Breen and Schenker of- 
fer a more detailed discussion.’ 
Gastrointestinal tract bleeding, even 
minor in degree, is commonly associ- 
ated with hepatic encephalopathy, 


both by increasing the gastrointesti- 
nal tract protein load and, secondary 
to hypovolemia and hepatic hypoxia, 
by further decreasing hepatic func- 
tion. Infection is a common precipi- 
tant, presumably by decreasing he- 
patic function. Sudden diuresis may 
precipitate hepatic encephalopathy, 
both on the basis of electrolyte imbal- 
ance and by the increased renal pro- 
duction of ammonia or amines.‘ 
In addition hypokalemia, especially 
when associated with alkalosis, will 
increase the intracellular transport of 
both ammonia and amines (which be- 
have in a similar fashion).’ Major sur- 
gical procedures frequently precipi- 
tate hepatic encephalopathy or coma 
or both. Decreased hepatic function 
may be secondary to decreased he- 
patic blood flow that accompanies any 
general anesthesia" as well as the hy- 
povolemia and operative stress dur- 
ing and following operation. 

The variety of situations that may 
result in hepatic encephalopathy has 
led to the concept of “increased cere- 
bral sensitivity” in patients with 
chronic liver disease, ™'? which sug- 
gests that the brain and peripheral 
sympathetic nervous system (PNS) of 
patients with hepatic encephalopathy 
are chronically exposed to toxins, pre- 
sumably with tissue accumulation, 
with less tolerance to further insult. 
These may be increased levels of se- 
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rum ammonia,’ short-chain fatty 
acids," or the recently demonstrated 
chronic increase in false neurotrans- 
mitter amines in the brains of experi- 
mental animals with decreased he- 
patic function and _ portosystemic 
shunting." Blood levels, of course, do 
not necessarily reflect tissue levels of 
such “toxins,” as the latter may be 
much higher than the blood levels 
would lead one to believe. 


Cerebral Metabolism 
and Hepatic Coma 


For obvious reasons, regional stud- 
ies of brain metabolism in man are 
unavailable. Such studies that do ex- 
ist concern only total brain glucose 
and oxygen consumption. The results, 
although variable, suggest that at 
least in the first 24 hours of acute 
coma, glucose consumption, cerebral 
blood flow, and cerebral oxygen con- 
sumption are unchanged; with 
coma greater than 24 hours in dura- 
tion, these indexes decrease, espe- 
cially as coma lengthens. These data 
suggest that such diminution is the 
result rather than the cause of he- 
patic coma. 

More data are available in animals 
with spontaneous hepatic encephalop- 
athy or in coma-like states induced by 
the injection of large amounts of tox- 
ins implicated in the etiology of hu- 
man hepatic coma. It should be 
pointed out that the latter experi- 
mental situations may have little or 
nothing to do with the clinical situ- 
ations, as the amounts of ammonia 
and short-chain fatty acids that have 
been used are far in excess of any 
amounts demonstrated in man. Ani- 
mal models similar to chronic human 
hepatic encephalopathy are difficult to 
produce; such findings must therefore 
be viewed in this perspective. Follow- 
ing acute ammonia poisoning in mice, 
cerebral levels of adenosine tri- 
phosphate and creatine phosphate are 
normal, but decreased in the brain 
stem." In other experiments moder- 
ate decreases of brain stem and cere- 
bellar creatine phosphate levels were 
present while ATP levels were insig- 
nificantly altered.'* Both of these re- 
ports are hampered by methodologi- 
cal problems and by rapid alterations 
of such labile intermediates while the 
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brain is being removed and frozen. 
The use of anesthesia in such ani- 
mal preparations complicates inter- 
pretation of the data. At the present 
time it is not clear whether these 
changes, if present, are primary or 
secondary. 


Liver-Brain Relationships 


An assumption implicit throughout 
the remainder of this article is that 
toxins, presumably of gut origin, are 
responsible for the development of 
hepatic encephalopathy. It is possible, 
however, that the liver also produces 
substances that are important to 
brain function and without which en- 
cephalopathy results. Studies of iso- 
lated cat brain preparations sug- 
gested that removal of the liver from 
the perfusion system impaired meta- 
bolic and electrical activity of the 
brain.'® The addition of cytidine and 
uridine, as well as frequent changes 
in the perfusion medium, appeared to 
partially compensate in an anhepatic 
perfusion system. While it is unlikely 
that these nucleotides penetrate the 
blood-brain barrier in this form, these 
findings do suggest the liver normally 
secretes a substance that may enable 
the brain to function. The fact, how- 
ever, that frequent changes of the 
perfusion medium were also neces- 
sary to provide optimal brain func- 
tion in the absence of the liver 
suggests a “detoxifying” hepatic 
function is present as well. 

Therefore, it is possible that two 
forms of hepatic encephalopathy and 
coma exist. The first, most common 
with moderate impairment of hepatic 
function, is secondary to the presence 
of toxins that normally are cleared by 
the liver. In massive hepatic necrosis, 
however, the minimal amount of sub- 
stance necessary for adequate brain 
function is absent and under these 
circumstances (seen considerably less 
frequently in the clinical situation) 
brain function is even more severely 
compromised. 


Toxic Substances 


Differential Toxicity of Amino 
Acids.-The concept of differential 
toxicity of amino acids in brain trans- 
mission remains a good hypothesis. 
While Walshe, using paper chroma- 


tography,” was unable to document a 
single pattern in the urine of patients 
with hepatic coma, more sophisticated 
analyses have revealed a somewhat 
characteristic distribution of blood 
amino acids in patients and animals 
in hepatic encephalopathy, with most 
marked elevations in phenylalanine 
and methionine.*’** Patients with 
liver disease and hepatic encephalop- 
athy appear to be unable to utilize in- 
fused amino acids such as phenylala- 
nine, methionine, and tryptophan.**** 
Survival in experimental animals 
with portacaval shunts has been re- 
lated to various diets; those diets re- 
sulting in shortest survival are rich in 
aromatic amino acids such as phenyl- 
alanine, tyrosine, and tryptophan.” 
Tryptophan has been thought to be 
extremely toxic in patients with liver 
disease.** Increased plasma _ trypto- 
phan has been noted in patients with 
hepatic encephalopathy, but in our 
own laboratory studies, tryptophan is 
increased only moderately; we have 
been unable to confirm the extremely 
high levels noted by other investiga- 
tors.” Absolute levels of plasma 
amino acids may not be as important 
as ratios of various blood amino acids, 
as there is active competition be- 
tween various amino acids for active 
transport across the blood-brain bar- 
rier.’ The brain serotonin level, for 
example, appears to be determined in 
part by the blood concentrations of 
tryptophan as well as by the concen- 
trations of phenylalanine, tyrosine, 
leucine, isoleucine, and valine.” The 
levels of branched chain amino acids 
are almost always reduced in patients 
and experimental animals with he- 
patic encephalopathy.” Other mech- 
anisms, presumably similar but as yet 
unknown, operate with transport of 
other amino acids through the blood- 
brain barrier. 

Methionine has been previously 
used as a lipotrophic factor in moder- 
ate dosage in therapy of patients 
with liver disease” and subsequently 
has been shown to be toxic. Adminis- 
tered intravenously, it is well toler- 
ated; administered orally,” less so; 
but oral tolerance may be increased 
by gut sterilization. Intolerance to 
methionine has been correlated with 
portal blood collateral ammonia.” 
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Other investigators have suggested 
that methionine reduees the level of 
brain ATP by the formation of S-ade- 
nosylmethionine.** An alternative is 
that the toxicity of methionine is re- 
lated to the formaton of methylated 
eompounds that are known to be toxic 
in most experimental animals.**:** The 
role of exogenously administered me- 
_thionine may be less important as the 
brain synthesizes its own methio- 
nine.” 

In all studies, however, pnenylala- 
nine remains the amino acid present 
in highest concentration. Conversion 
to tyrosine by hydroxylation is poor 
and phenylalanine is increased in 
brain as well as in blood. Since the 
conversion of phenylalanine to tyro- 
sine is an important step in the syn- 
thesis of most adrenergic neurotrans- 
mitters, this finding may have special 
sigmificance. Preliminary studies in 
our laboratory have demonstrated de- 
creased norepinephrine synthesis in 
acute hepatic coma. 

It is not clear, however, how the 
texieity of amino acids themselves 
might be related to a decreased func- 
tion. While the brain transmitter 
function has been suggested for vari- 
ous “neuroamino acids,” this has by 
ne means been proved.**” 

Ammonia.—For the past two dec- 
ades ammonia has served as a leading 
villain in hepatic encephalopathy. Se- 
rum ammonia levels are elevated in 
most (but not all) patients with he- 
patic encephalopathy.*’ Although the 
toxicity of exogenously administered 
ammonia, especially in animals and 


patients with Eck fistulas has been - 


clearty demonstrated, ++ the objec- 
tiens to ammonia as the sole toxin in 
hepatic encephalopathy are well 
= known. Blood levels cf ammonia may 
be dissociated from ir vivo toxicity by 
the use of monoamine oxidase inhib- 
iters in man‘'*° and by an inhibitor of 
the glutamine synthetase reaction in 
experimental animals.* Arterial am- 
menia levels do not ccrrelate with the 
level of hepatic encephalopathy, and 
cerebral uptake of ammonia is often 
not demonstrated in patients with se- 
vere coma.“ 

Various mechanisms have been pro- 
posed for the mode of action of am- 
mania in hepatic encephalopathy. The 
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Bessman hypothesis,** suggesting de- 
pletion of cerebral Kreb’s cycle inter- 
mediates (a-ketoglutarate) used in 
the inactivation of ammonia, no 
longer appears tenable. Depletion of 
a-ketoglutarate has not been dem- 
onstrated." Synthesis of brain 
glutamine with ammonia appears to 
originate from a rapidly turning over 
pool of glutamic acid rather than 
from a source of a-ketoglutarate in 
the Kreb’s cycle.*'** (For a more com- 
plete discussion of the Bessman hy- 
pothesis and its limitations, see the 
discussion section of reference 53.) 
Other possible modes of action of am- 
monia that have been proposed in- 
clude the accumulation of the in- 
hibitory neurotransmitter, y-amino 
butyric acid (GABA). Results of 
measurements of GABA in the brain 
of rats with liver disease or after am- 
monia administration are normal.” It 
has also been proposed that ammo- 
nia may inhibit the synthesis of acet- 
ylcholine by inhibition of pyruvate 
decarboxylase™; recent studies have 
shown normal levels of acetylcholine 
in the cortex and brain stem of am- 
monia-intoxicated animals. Turnover 
was not assessed. 

Clinical experience suggests that 
steps that decrease the renal produc- 
tion of ammonia, such as correction of 
hypokalemia, sterilization of the gut 
(decreasing the absorption of am- 
monia), and purging of the gastroin- 
testinal tract (also decreasing the ab- 
sorption of ammonia), are often very 
effective in treating patients with he- 
patic encephalopathy. 

These steps also have other effects 
that are subsequently discussed. Am- 
monia must be considered, but an in- 
creasing weight of evidence casts 
doubt on the principal role of am- 
monia. 

Glutamine.—Glutamine is increased 
in the cerebrospinal fluid (CSF) of pa- 
tients with hepaticencephalopathy.**** 
Glutamic acid, the precursor of gluta- 
mine, has been proposed as a central 
nervous system (CNS) neurotrans- 
mitter amino acid. Much of this is 
based on in vitro data. Labeled gluta- 
mic acid appears in isolated synapto- 
some fractions’; these differ from 
normal transmitter synaptosomes by 
being less dense.“ After adminis- 


tration endogenous glutamic acid fol- 
lows a different pattern than labeled, 
exogenous glutamic acid. Glutamic 
as well as aspartic acid is released by 
electrical stimulation from synapto- 
somes and isolated brain slices."'-* 
Recently, however, it has been 
stressed that glutamine appears to be 
a product of the neuroglial fraction, 
and is not a neuronal product.**” 
Since proliferation of the type Il 
Alzheimer astrocyte is the most fre- 
quent and sometimes only morpho- 
logical finding in chronic hepatic en- 
cephalopathy, this provides a 
physiologic and morphologic correla- 
tion that has previously been lacking. 


This begs the question as to whether ~ 


glutamine has any transmitter func- 
tion itself. 

The mode of toxicity of ammonia 
has been explained as a depletion of 
the Kreb’s cycle a-ketoglutarate, two 
molecules of ammonia being synthe- 
sized with a-ketoglutarate to form 
glutamine.” As stated earlier, the 
Bessman hypothesis no longer ap- 
pears tenable, as glutamine appears 
to be derived from a small, rapidly 
turning over pool of glutamic acid.’ 

Short-Chain Fatty Acids.—Patients 
with liver disease exhibit high levels 
of short-chain fatty acids in blood and 
CSF. The concentrations in the pa- 
tients with hepatic encephalopathy 
appear to be somewhat higher."’* 
Presumably the liver is active in the 
catabolism of such fatty acids, which 
are absorbed from the gut. Intraperi- 
toneal injection of butyrate, valerate, 
and octonoate, five-, six-, and eight- 
carbon fatty acids, respectively, rap- 
idly induces reversible coma of up to 
one hour’s duration.® However, there 
is little correlation between the cere- 
bral state of patients with cirrhosis 
and the blood levels of acetic, pro- 
pionic, or the previously mentioned 
short-chain butyric, valeric, and octo- 
noice acids.® Another short-chain 
fatty acid, isovaleric acid, has been 
incriminated in the coma associated 
with isovaleric acidemia and the Ja- 
maica vomiting sickness induced by 
hypoglycin-A.*’”! The serum concen- 
trations of isovaleric acid in these lat- 
ter two conditions are so much higher 
than those seen in hepatic coma that 
it is unlikely these short-chain fatty 
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Factors in Causation 


Decreased hepatic _ 
function 


1. Spontaneous 
2. Surgical 


Protein nitrogenous -~~ í 
material in gut 


y E 

) Cardiovascular 
S | 
Shunting of portal blood AC ' 


Accumulation of 
False Neurotransmitters 


Effects 


Disturbances in mentation 


Asterixis 


High output 
Low peripheral resistance 
Peripheral shunting 


........-... Intrarenal shunting 


Fig 1.—False transmitter hypothesis presumes toxic substances responsible for he- 
patic encephalopathy and coma arise in gut. When hepatic function deteriorates or 
blood is shunted around from the liver or both, amines and their precursors bypass 
liver, flood CNS and PNS, and produce symptoms shown at right. Widespread distur- 
bance in central neuronal transmission is evident as coma, disturbances in extra- 
pyramidal function as asterixis, and depletion of PNS norepinephrine as high-output, 
low-peripheral-resistance state. The type II hepatorenal syndrome is depicted as a 
secondary phenomenon caused by shunting of blood away from the kidney. 


acids are involved in the pathogenesis 
of hepatic coma. The recent attempt 
to implicate long-chain fatty acids in 
the pathogenesis of hepatic coma in 
the presence of decreased serum albu- 
min* may be placed in perspective by 
noting that much higher levels of 
long-chain fatty acids are seen in 
starvation without similar symp- 
toms.” There is little increase in 
short-chain fatty acids after a 70- 
hour fast (K. Tanaka, MD, oral com- 
munication, 1973). 

Serotonin.—The proposal that sero- 
tonin is a causative agent in hepatic 
encephalopathy has once again gener- 
ated interest, as serotonin excess or 
deprivation or both have been impli- 
cated in the affective psychoses.” It 
has been suggested that serotonin 
deficiency was causative in hepatic 
encephalopathy. Based on this hy- 
pothesis, infusions of  5-hydro- 
xytryptophan, the precursor of sero- 
tonin, resulted in some improvement 
in electroencephalograms in animals 
in hepatic coma but failed to arouse 
them. Subsequently, the pre- 
dominance of evidence would favor 
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an accumulation of serotonin in ani- 
mals in hepatic coma. Serotonin in- 
creases the duration of ammonia-in- 
duced sleep.” The toxicity of 
tryptophan, a precursor of serotonin, 
has previously been noted. The pro- 
duction of indoles and skatoles (by 
bacteria from tryptophan), which are 
then inadequately metabolized by the 
liver, has been proposed as a mecha- 
nism of hepatic coma.’ Elevated lev- 
els of indoles and skatoles, however, 
have not been documented in patients 
with hepatic encephalopathy. 

However, serotonin’s role in he- 
patic coma has been somewhat 
clouded by its lack of complete accept- 
ance as a putative cerebral trans- 
mitter. Recent evidence suggests that 
serotonin synthesis proceeds in excess 
of needs and spillover is dealt with by 
monoamine oxidase,’* an unusual ar- 
rangement for a normal transmitter. 
It is not known if brain amine oxida- 
tive capacity is normal in hepatic 
coma. 

False Neurochemical Transmitters.— 
Previous work in this laboratory has 
suggested that false neurochemical 


transmitters (FNTs) may be impli- 
cated in the pathophysiology of he- 
patic encephalopathy.''-"*** Recent in- 
vestigations in CNS physiology have 
shown the importance of the cate- 
cholamine transmitters, norepineph- 
rine and dopamine.** In the PNS, 
where norepinephrine is the normal 
transmitter“ other f-hydroxylated 
phenylethylamines may replace nor- 
epinephrine and act as FNTs. These 
FNTs are taken up, stored, and re- 
leased by sympathetic nerve stimula- 
tion..*** They resemble norepineph- 
rine as well in their response to 
various drugs.® Structural require- 
ments for release in both the PNS 
and CNS appear to be a hydroxyl] on 
the ring and a hydroxyl group in the 
beta position of the side chain. Other 
side chain and ring constituents are 
often present as well. In the CNS as 
well as in the PNS a variety of 
amines with the -hydroxyl on the 
side chain are shown to be taken up, 
retained, and released.**' Except for 
the striatum, where a nonf-hydrox- 
ylated configuration is adequate, 
structural requirements for release 
appear the same as in the PNS. On 
this basis, the previously mentioned 
criteria (settings of hepatic coma) 
symptoms would be reproduced as fol- 
lows (Fig 1): Amines are produced in 
the gut by the action of bacterial 
amino acid decarboxylases.’*? They 
and their amino acid precursors such 
as phenylalanine, tyrosine, and 
tryptophan are absorbed in the portal 
circulation where, under normal cir- 
cumstances, they are largely cleared 
from the portal blood by the liver. 
When hepatic function is impaired 
and blood is spontaneously or surgi- 
cally shunted around the liver, these 
substances flood the PNS and CNS, 
releasing and replacing the normal 
endogenous transmitters. Normally, 
electrical impulses arriving at pre- 
synaptic terminals produce their 
postsynaptic effects by the release of 
a number of packets (synaptosomes), 
each containing a finite amount of 
transmitter material. When false 
neurotransmitters accumulate, each 
packet contains correspondingly less 
true transmitter material and 
greater amounts of FNT. Since for 
each nerve impulse the same number 
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of packets is released, the amount of 
true transmitter material is de- 
ereased; a correspondingly weaker 
pestsynaptic action results. In the 
most aggravated situation the pre- 
synaptic impulse would release no 
true transmitter materia! (cnly false) 
and there would be absence of post- 
synaptic effects. 

Although amines have been previ- 
ously implicated directly in the patho- 
genesis of hepatic coma,” presumably 
by resulting in decreased cerebral 
oxygen consumption,’* the amounts 
required in vitro are so much greater 
than those seen in man, tais is un- 
likely. Cerebral glucose consumption, 
hewever, is certainly inhibited by the 
presence of variois amines.” The 
false neurotransmitter (FNT) hy- 
pethesis proposes tə explain not only 
CNS malfunction but also the cardio- 
vascular changes associatec with he- 
patic failure, including the high car- 
diae output-low peripheral resistance 
state that may be associated with he- 
patic failure. Depletion of norepi- 
nephrine in terminal liver failure has 
been demonstratec.** The FNT hy- 
pethesis also suggests the high-out- 
put state is secondary. Normally, 
vascular beds with high vascular re- 
sistance are dependent on the pres- 
ence of norepinephrine to maintain 
vascular tone. When norepinephrine 
is depleted, high vascular resistance 
areas such as skin, muscle, and 
splanchnic bed dlate, leading to 
uneconomical shunting of blood 
through these areas. High-preference 
areas such as brain, heart, and kidney 
nermally have low, resting peripheral 
vascular resistance. and do not vaso- 
dilate. Increased cardiae output re- 
sults in an attemp= to satisfy meta- 
belic needs. Shunting of blood away 
from the kidney results, since, rela- 
‘ively speaking, renal vascular resist- 
ance is high. This might then result in 
intrarenal reflex changes thought to 
be associated with hepatorenal syn- 
drome (type II) as suggested by Tris- 
tam and Cohn" and the author,” in- 
cluding release of renin.” 

Disturbances in consciousness 
might be due to displacement of nor- 
ma! neurotransmitter amines from 
widely distributed CNS neurones. As- 
terixis, a sign of extrapyramidal dys- 
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Fig 2.—Accumulation of false neurochemical transmitters in brain during acute 
hepatic coma. Acute hepatic coma was produced in rats by two-stage ligation of 
hepatic blood supply over 48 hours. Increase in brain octopamine, a known false 
transmitter, tends to parallel clinical state of animal. 


function, might also result by dis- 
placement of CNS transmitters. 
While asterixis occurs with great fre- 
quency in hepatic disorders, it is more 
frequent in uremia. It is of interest 
that aromatic amines are increased in 
blood of uremic patients." A com- 
mon mechanism of asterixis in both 
uremia and hepatic failure may be op- 
erative. 

Although some evidence has ac- 
cumulated supporting the concept 
that false transmitters may be in- 
volved in the pathogenesis of hepatic 
coma, this proposal has not been stud- 
ied to a great extent. Increased con- 
centrations of octopamine, a known 
false transmitter, are present in 
brain and heart of animals dying in 
acute hepatic coma (Fig 2)’"*° as well 
as in the blood and urine of patients 
in hepatic coma™-*° (Fig 3); increasing 
concentrations appear to correlate 
with clinical state. Since amines serve 
as a source of ammonia by amine oxi- 
dation,’® increased ammonia levels in 
the blood of patients with hepatic 
coma is expected, but a 1:1 correlation 





is unnecessary, since toxic effects are 
dependent on tissue concentrations of 
amines. Also, since amines are pro- 
duced by gut bacterial amino acid de- 
carboxylase, sterilization of the gut 
should result in decreased production 
and absorption of such amines. It has 
recently been shown that oral admin- 
istration of kanamycin sulfate for 
three days will markedly decrease the 
concentration of false neurotransmit- 
ter amines in the brains of animals 
who have had long-term shunts“ (Fig 
4). Since FNT amines accumulate in 
the brains of animals with diminished 
hepatic function and shunting of 
blood around the liver, the concept of 
cerebral sensitivity" is explained. A 
chronically disturbed transmitter pro- 
file is therefore present, easily tipped 
over by stimuli that ordinarily do not 
disturb CNS function. Finally, the ab- 
sorption of amines from the gut will 
be impaired at acidic pHs and the ef- 
ficacy of lactulose may be explained 
by this hypothesis,” 1° 

Utilizing gas chromatography, a 
highly specific means of identifying 
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Fig 3.—Twenty-four hour urine specimens 
were collected in acid and assayed enzymat- 
ically for known false neurochemical trans- 
mitter octopamine. Increased octopamine 
excretion in patients with hepatic coma is 
noted. Patients with liver disease who are 
basically asymptomatic form controls, 
whereas patients with precoma and as- 
terixis form intermediate group. 


various amines, increased excretion 
of various, not wholly characterized, 
amines in the urine of patients in he- 
patic coma has been detected in this 
laboratory (Fig 5). In experimental 
hepatic coma depletion of brain nor- 
epinephrine and accumulation of 
brain serotonin occurs.**:!"* Adminis- 
tration of large doses of ammonia to 
produce coma does not deplete CNS 
norepinephrine.” Finally, it should be 
noted that whereas norepinephrine 
depletion has been attributed to dis- 
placement by FNT amines, decreased 
brain norepinephrine may be second- 
ary to diminished synthesis. In 
phenylketonuric patients, high plas- 
ma phenylalanine competitively in- 
hibits tyrosine 3-hydroxylation, the 
first step in catecholamine syn- 
thesis.: The high plasma phenylala- 
nine levels in patients with cirrhosis 
have been previously noted. 
Although some of the preliminary 
data are promising, it appears too 
early to assess the ultimate place of 
the false transmitter hypothesis. 
Acute vs Chronic Hepatic Failure.— 
Implicit in this discussion is the as- 
sumption of uniform cause of all 
forms of hepatic coma; this obviously 
need not be true. Certainly patients 
with acute fulminant hepatic failure 
respond less frequently to various 
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Fig 4.—Effect of intestinal sterilization on brain octopamine in rats two months after por- 
tacaval shunt. Saline or kanamycin (15 mg) was given twice daily by gastric tube to rats two 
months after portacaval shunt. Saline and kanamycin were given to a group that underwent 
sham operations. “Intestinal sterilization” after only three days of kanamycin therapy sig- 
nificantly reduces brain content of false neurotransmitter amines. 


modes of therapy that are usually ef- 
fective. Finally, the cause of hepatic 
disorders should be considered. Alco- 
hol, which plays a causative role in 
the majority of patients with hepatic 
failure in this country, has been 
shown to disrupt the blood-brain bar- 
rier to catecholamines.'®™ It is possible 
that the severe coma often associated 
with alcoholic hepatitis may evolve 
from complete disruption of the 
blood-brain barrier, the major de- 
fense mechanism of the brain. 

Other factors may be of importance 
in chronic hepatic failure, especially 
after portacaval shunt. Chronic ab- 
sence of portal vein flow may ulti- 
mately result in hepatic failure.” It 
has been suggested that this is sec- 
ondary to chronic substrate depriva- 
tion,” as has been shown with vari- 
ous metabolites, including glucose,” 
methionine,” and lipids." Ornithine 
decarboxylase, the first enzyme to 
be activated following partial hepa- 
tectomy, produces the polyamines 
thought to be important in stabilizing 
ribosomes for protein synthesis. ™-'" 
Activation of ornithine decarboxylase 
is deficient in animals following por- 
tacaval shunt,''? perhaps secondary to 
chronically elevated circulating levels 
of ammonia. Exogenously adminis- 
tered ammonium acetate following 


hepatectomy inhibits the activation 
of ornithine decarboxylase.'"’ 


Therapy 


Therapy of hepatic coma, where the 
offending cause is known, consists of 
removing the offending agent. Omis- 
sion of all sedatives; correction of 
electrolyte imbalance including hy- 
pokalemia, alkalosis, and hypovo- 
lemia; correction of hypoxia; and ef- 
fective treatment of infection with 
appropriate antibiotics will result in 
awakening. In situations where gas- 
trointestinal tract hemorrhage is 
present, purging the gastrointestinal 
tract of blood and control of the hem- 
orrhage are of prime importance by 
effecting an increase in flow to the 
liver and decrease of the gut protein 
load. A discussion of the various 
means of stopping hemorrhage is be- 
yond the scope of this article and is 
well covered elsewhere. The form of 
gut protein is of importance as blood 
in the gastrointestinal tract is more 
damaging than similar amounts of 
casein.’ 

General Support Measures.—Par- 
ticular attention to fluid and elec- 
trolyte balance, particularly the 
avoidance of overhydration and hypo- 
natremia, is essential. I have found 
the serum osmolality and urinary so- 
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diam very helpful in determining 
whether patients with hepatic failure 
may be given infusions of sodium. 
Overhydration may be determined by 
simultaneous measurements of uri- 
nary and serum osmolality. The ad- 
ministration of salz-poor albumin to 
patients who often do not synthesize 
albumin is of importanee in main- 
taining intravascular volume and 
urine output. Diuretics should be 
avoided during the acute phase of he- 
patic deeompensation, since diuresis 
eften leads to a decreased intravascu- 
lar volume and decreased hepatic per- 
fusion. The presence of adequate oxy- 
genation may be ascertained by 
measuring arterial blood gas levels. 
Appropriate amounts of vitamins (es- 
pecially of the B group) and calories 
are essential. Hyperalimentation so- 
lutions eurrently in use are inade- 
quate for patients with hepatic fail- 
ure, as severe amino acid imbalances 
result. Appropriate therapy should 
be directed, when possible, to the un- 
deriying disorder (eg, steroids in 
chronic, active hepatitis,’ or alco- 
holie hepatitis'"’). 

Finally, other causes of coma may 
exist in patients with hepatic failure, 
especially those with deficient clot- 
ting factors who may bleed intracra- 
nially folowing trivial trauma. Hy- 
peglycenmia should be detected 
promptly and effectively treated. 
Meningitis may coexist; its presence 
should be ruled out by a lumbar punc- 
ture. When suspected, ketoacidosis, 
aleehol overdose, and overdoses of 
sedatives should be looked for with 
appropriate laboratory tests. 

Established Effective Therapy.—Most 
established, effective therapy is di- 
rected at the gut-brain axis and in- 
eludes decreasing the protein load 
and “sterilization” of intestinal con- 
tents. Parging and decreasing the 
protein contents of the gut as well as 
aecumulated blood must be part of ev- 
ery regimen for hepatic encephalop- 
athy. Protein restriction is carried 
out as well. Twenty grams of protein 
given orally each day is a reasonable 
starting level, although patients can- 
not survive indefinitely below an 
average protein intake of less than 25 
gm/day. 


Bowel Sterilizaton.—Although it 
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Fig 5.—Excretion of unknown amines during onset of hepatic coma. This pa- 
tient, who bled rather suddenly from gastritis following a mesocaval shunt and 
became comatose, excreted large amounts of an unknown amine detected by 
gas-liquid chromatography. Excretion of this amine was much greater than that 
of tyramine and octopamine in similar 24-hr urine collections. 


has not been subjected to a controlled 
prospective study, bowel sterilization 
remains the cornerstone on which 
most therapy of hepatic encephalop- 
athy is based. The rationale is to de- 
crease urease-producing bowel flora, 
thereby decreasing the production 
and absorption of ammonia. This is 
generally done by using so-called 
“nonabsorbable” antibiotics such as 
neomycin sulfate or paromomycin. 
The effects of both aminoglycosides 
are identical and interchangeable. It 
is important to realize that neomycin, 
when used orally or rectally, is ab- 
sorbed to approximately 1% with 
some resultant nephrotoxic and oto- 
toxic effects." In patients with 





renal impairment, continued adminis- 
tration of neomycin is risky. Urinary 
concentrations of neomycin may be 
as high as 10ug/ml, a bactericidal 
level. 

Therapy is begun with large doses 
(between 6 to 8 gm/day) and subse- 
quently reduced to a maintenance 
dose of 3 to 4 gm/day. There is little 
data to indicate the minimal effective 
dose. Even more disturbing, ototoxic 
effects from chronic maintenance 
therapy has not been completely eval- 
uated. Intestinal sterilization de- 


creases the brain concentration of the 


false transmitter amines. As yet, 
this is the one mechanism, besides re- 
ducing the number of urease-produc- 
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Fig 6.—Displacement of amines into urine by levodopa therapy. This 56-year-old 
man with chronic liver disease responded dramatically to 500 mg of levodopa 
for chronic hepatic encephalopathy. Serial, 24-hr urine specimens were collected in 
acid. Note marked increase in excretion of tyramine, presumably from release by 


levodopa. 


ing bacteria, that has been suggested. 

Proposed Therapy That Has Been 
Evaluated.—Lactulose is a nonabsorb- 
able synthetic disaccharide (8 1-4 
galactoside fructose). Numerous re- 
ports since the original observation 
by Bircher et al,” including two con- 
trolled studies," have shown that 
it is effective in the prevention of en- 
cephalopathy. Its mechanism of ac- 
tion has not been completely defined. 
It is not metabolized in the small in- 
testine but hydrolyzed by bacterial 
action in the colon, producing acidic 
diarrhea. Usual dosage ranges be- 
tween 60 and 160 gm/day. Stool fre- 
quency is increased. Its clinical 
effects are probably mediated by 
reduction in colonic pH with result- 
ant decreased ammonia flux. Other 
agents such as sorbitol solution, which 
produce comparable increases in stool 
frequency but which do not con- 


332 Arch Surg/Vol 108, March 1974 





sistently alter stool pH, are not as ef- 
fective. Effects on stool bacterial 
counts have been variable and unim- 
pressive.’”? Other mechanisms of ac- 
tion have been proposed as well."’® Al- 
though lactulose is more expensive 
than neomycin, it is of potential ben- 
efit to patients with renal contraindi- 
cations to neomycin or who fail to 
respond. 

Colon Bypass.—This procedure may 
indeed ameliorate portosystemic en- 
cephalopathy. However, operative 
mortality and morbidity is signifi- 
cant, thus decreasing overall sur- 
vival.» Colonization of the small 
intestine above the ileorectal anasto- 
mosis has also been shown to decrease 
the effectiveness of this procedure 
with time. This procedure should be 
reserved for salvage situations in 
which a tolerable operative mortality 
can be expected. 


Acetohydroxamic Acid, Lactobacil- 
lus, etc.—The therapeutic value of this 
inhibitor of urease is not known. In 
man it is effective only when given 
systemically, as it reduces blood am- 
monia levels when given orally but 
not when given rectally. It is rapidly 
absorbed from the upper gastroin- 
testinal tract and, to a considerably 
lesser extent, from the colon.” There 
are no side effects with its short-term 
use. In a small number of patients it 
lowered venous ammonia levels but 
caused little clinical improvement.” 
Colon lavage with use of a double lu- 
men tube has been employed in some 
patients.'” Intubation of the colon 
may be difficult and even hazardous. 
There seems little to recommend this 
as opposed to the usual practice of 
cleansing enemas. There are also sig- 
nificant hazards of fluid overload. 

Lactobacillus colonization has not 
been particularly successful. The ra- 
tionale for this hypothesis, the feed- 
ing of pure cultures of nonurease-pro- 
ducing lactobacilli, is to alter the 
bowel flora to decrease production of 
ammonia. Patient acceptance of 
this form of therapy is poor and clini- 
cal results variable.” 

Administration of jack bean urease 
in man was used to promote antibody 
formation against urease. This pro- 
vided a decrease in blood ammonia 
levels and increased excretion of ra- 
dioactive “C in the urine.: However, 
severe reactions to jack bean urease 
have been observed and the hazards 
of this therapy probably outweigh its 
potential benefits. 


Forms of Therapy That 
Are Not Well Established 


Perfusion Techniques.—Although it 
may be considered unfair by some to 
group all forms of exchange transfu- 
sion, plasmapheresis,’*' cross cir- 
culation, >+"? and perfusion of iso- 
lated porcine, bovine, or baboon'’*” 
livers under one heading, the prin- 
ciple in all is the same. Those perfu- 
sions involving active, metabolizing 
liver have a theoretical advantage in 
that if the liver does secrete a sub- 
stance necessary for brain metabo- 
lism, this will be included in the per- 
fusion system. In fact, the results of 
all these forms of perfusion on sur- 
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vival have been cisappointing, al- 
though dramatic awakening has been 
reported. The most persistent en- 
thusiasm remains fcr exchange trans- 
fusion and, until recently, a controlled 
study has not been available. In a pro- 
spective, controlled study of a small 
group of patients recently described, 
exchange transfusion did not increase 
survival.™ The results of the group 
with the largest experience with ex- 
change transfusior have failed to 
provide any evidence for increased 
survival and have led to discon- 
tinuance of this procedure ir their in- 
stitution." Hemodialysis appears to 
offer little advantage in the treat- 
ment of hepatic coma, exeept perhaps 
for its usefulness in the treatment of 
associated renal failure.'** Hemodial- 
ysis associated wizh hemoperfusion 
ever ion-exchange resins may allow 
the use of specific materials to trap 
the theoretically toxic substances 
ence these can be identified. Such 
an approach is mcre specific rather 
than relying on the nonspecific wash- 
eut, but may be limited by the con- 
cept of the “reverse blood-brain 
barrier.” 

Recently, “asanguineous total body 
washout” with large amounts of 
Ringer lactate under hypothermic 
conditions has been advocated." 
This form of therapy has a theoretical 
advantage of perheps disrupting the 
reverse blood-brain barrier so that 
toxins that have penetrated the brain 
and are difficult to remove may be 
“washed out” more rapidly. In its 
early phases, these experiences are, of 
course, totally uncontrolled. If they 
appear promising, a prospective, ran- 
demized study should be undertaken. 

Although steroid therapy may im- 
prove the survival rate in patients 
with chronic, active hepatitis, there 
is no evidence that the use of steroids 
in hepatic eoma is warranted, except, 
perhaps, for coma secondary to alco- 
helic hepatitis.’ Hyperbaric oxygen- 
atien has been employed in Europe 
without convincing effect. 

Levodopa Therapy.—Administration 
of levodopa to patients with un- 
responsive hepatie coma has re- 
cently been repcrted by several 
groups.™ -1 Its use is based in 
part on the false transmitter hypoth- 
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esis. Whereas it was originally sug- 
gested that the effects of levodopa 
were secondary to replenishment of 
the normal transmitters, dopamine 
and norepinephrine, ™® others sug- 
gested that levodopa might act by ab- 
sorbing methyl groups, thus pre- 
venting the synthesis of methylated 
amines known to be toxic.'** Adminis- 
tration of levodopa to animals with 
hepatic insufficiency results in a more 
normal profile of brain transmitters, 
including the decrease in #-hydrox- 
ylated FNT and serotonin and in- 
crease in norepinephrine.*! Levodopa 
has a variety of other effects. In the 
gastrointestinal tract it competes 
with phenylalanine and tyrosine for 
absorption.’ Levodopa increases the 
amount of dopamine, the normal 
transmitter in the striatum, but in 
normal animals an increase in brain 
norepinephrine has not been ob- 
served. Many of the effects of levo- 
dopa, however, are probably depen- 
dent on its ability to release a variety 
of amines, very much as an indirectly 
acting sympathomimetic amine.'” 
Thus, following levodopa adminis- 
tration to patients in profound he- 
patic coma, an increased urinary ex- 
cretion of amines is observed (Fig 6). 
In animals with hepatic insufficiency 
secondary to end-to-side portacaval 
shunt, levodopa administration re- 
sults in marked lowering of blood am- 
monia levels, again, perhaps, second- 
ary to displacement of amines and 
decreased ammonia derived by amine 
oxidation. Experience with levodopa 
is variable, and prospective double 
blind studies are being carried out in 
a number of institutions, including 
our own. It is clear, however, that 
while some patients respond dramati- 
cally, others do not. Levodopa may be 
effective in some forms of hepatic 
coma and not in others. In our own 
studies, experimental animals with 
hepatic encephalopathy secondary to 
end-to-side portacaval shunts respond 
regularly, while animals with liver 
necrosis secondary to N-nitroso- 
dimethylamine ingestion do not, thus, 
perhaps, indicating some variance in 
response, depending on the causes of 
hepatic encephalopathy. 
Transplantation.—Al] therapy in he- 
patic failure is an attempt to tide the 


patient over until hepatic regenera- 
tion can take place. Another means of 
therapy is supplying the patient with 
a temporary, auxiliary liver by trans- 
plantation. In the presence of an in- 
tact liver, unless a liver transplant 
is nourished with portal blood, its 
growth is generally limited.'** How- 
ever, in acute liver failure, blood is 
physiologically or morphologically 
shunted around the liver and, thus, 
the transplant should survive. When 
hepatic recovery takes place, the 
transplant should atrophy and be re- 
moved. Such auxiliary transplants ap- 
pear not to have been carried out suc- 
cessfully as yet.’ Technical factors 
and immunologic rejection have pre- 
vented the widespread application of 
hepatic transplantation in general 
and in this situation in particular, be- 
cause of a high death rate from wide- 
spread intravascular clotting, sepsis, 
and rejection. Procurement of suit- 
able donors is another problem that 
will prevent the widespread appli- 
cation of this mode of therapy. 


Future Progress 


Future progress in the treatment 
of hepatic encephalopathy will de- 
pend primarily on the identification 
of the toxic factors responsible. Even 
if these are identified, the myriad of 
positive metabolic functions carried 
out by the liver make support of a pa- 
tient who is essentially anhepatic ex- 
tremely difficult. It is notable that in 
spite of the great technical advances 
made in the support of patients with 
cardiac and renal failure, little prog- 
ress has been made in liver disease, 
probably for this reason. It is not too 
much to hope, however, that with the 
rekindled interest in hepatic failure, 
feasible support systems may not be 
long in coming. 


This investigation was supported in part by 
Public Health Service research grant 15347 from 
the National Institute of Arthritis and Metabolic 
Disease. 
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Studies in Exhaustion: VI. Septicemia* 


An animal or a man who has first been exhausted by exertion, emotion, hemorrhage, 
asphyxia, anesthesia or loss of sleep succumbs more readily to infection, and an animal 
or a man exhausted by infection succumbs more readily to trauma, emotion, anesthesia, 
exertion, loss of sleep, etc. It becomes of value, therefore, to determine whether the ex- 
haustion which is one of the phenomena of either an acute or a chronic infection is es- 
sentially different from exhaustion from other causes—emotion, exertion, physical 
trauma, insomnia... . 


KKK k 


.... The effects of septicemia have been studied (a) by histologic observations; (b) by 
measurements of the H-ion concentration and of the alkali reserve of the blood; (c) by 
estimations of the iodin content of the thyroid gland, of the epinephrin content of the 
suprarenals and the epinephrin activity, of the pituitrin activity, of the glycogen con- 
tent of the liver and of voluntary muscle; (d) by measurements of the electric conductiv- 
ity of the brain and the liver; (e) by direct measurements of the temperature of the 
brain and the liver, and (f) by clinical observations. 

All these lines of investigation indicate that changes in the central nervous system 
are the primary cause of the cycle of phenomena which mark the progress of the ex- 
haustion which is the end-result. 

The experimental evidence indicates that the liver and the suprarenals are associated 
with the brain in the production of the phenomena which are initiated by changes in 


The limitation of the changes produced in normal animals by an infection, by the 
presence of agents which depress the activity of the central nervous system, strongly 
supports the conclusion that the brain is the primary factor in the response to infection. 
*Crile GW: Arch Surg 8:557-587, 1924. 
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Portal Hypertension 


Extrahepatic Portal Hypertension 


A Retrospective Analysis of 127 Cases 
and Associated Clinical Implications 


Arthur B. Voorhees, Jr., MD, John B. Price, Jr., MD, New York 


A retrospective study of 129 cases of ex- 
trahepatic portal hypertension was under- 
taken in an attempt to evaluate the relative 
merits of conservative versus surgical ap- 
proaches to the condition. The complex in- 
terrelationships of multiple surgical proce- 
dures were untangled when possible, but the 
“need to intervene” has distorted the natu- 
ral history of the disease so that statistical 
comparisons should be thought of as trends 
and not absolutes. There is obvious need for 
a prospective study of the disease; however, 
this must be developed as a multiinstitu- 
tional program because of the relatively low 
incidence of the disease and the great incon- 
stancy of bleeding patterns in individual 
cases. Currently, the mesocaval shunt pro- 
vides the best results and the esoph- 
agogastrectomy should be undertaken only 
in cases when a shunt is not possible and 
there is a high risk of massive bleeding from 
large varices. 


A classic example of extrahepat- 
ic portal hypertension would be 
an 8-year-old child entering the hos- 
pital emergency room shortly after 
having vomited a pint of bright red 
blood. The child would be normal in 
development, the parents would recall 
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an umbilical cord infection at birth 
and transient abdominal distension 
within the first year of life. The pe- 
diatrician would have noted a sple- 
nomegaly at the age of 3 years and a 
mild pancytopenia from the age of 5 
years. There would have been no liver 
enlargement and results of liver func- 
tion studies would always have been 
within normal limits, except for a 
prothrombin time consistently ele- 
vated 2 to 3 seconds above the normal 
range. The pediatrician, suspecting 
the possibility of a portal vein throm- 
bosis with an accompanying portal 
hypertension, would have performed 
a barium swallow examination that 
would have shown equivocal esoph- 
ageal varices. Ten days prior to the 
acute bleeding episode, the child 
might have had a mild, nonspecific 
upper respiratory tract infection 
treated with aspirin and bed rest. 
Parts of this familiar history have 
been often repeated in the 129 pa- 
tients treated at the Columbia-Pres- 
byterian Medical Center during the 
last 30 years. In his now classic but 
simple clinical classification of portal 
hypertension, Allen O. Whipple’ made 
it clear that the extrahepatic group 
exhibits no clinical evidence of liver 
disease. At the same time, it bears 
other stigmas of the condition, in- 
cluding splenomegaly, esophageal or 
gastric varices, and, at times, ex- 


aggerated abdominal wall venous col- 
laterals. 

The final evidence clinching an ac- 
curate diagnosis generally follows a 
biopsy of a normal liver and an op- 
erative or roentgenographic demon- 
stration of portal vein occlusion. In 
our retrospective study of the 129 pa- 
tients, an adequate body of clinical 
data was obtained in approximately 
90% of the cases; in the other 10% the 
data were fragmentary. 

Rather than the neat clinical case 
depicted in the opening paragraph, 
the 129 patients offered a kaleido- 
scopic mosaic of this disease. The 
conditions of many had been mis- 
diagnosed or modified by inappro- 
priate surgery elsewhere, or mean- 
ingfully directed but nevertheless 
frustrated surgical therapy. For in- 
stance, 35% of the 129 patients had 
had splenectomies performed previ- 
ously, either as a result of ill-advised 
therapy for a correct diagnosis or as a 
result of therapy defensible only if 
the diagnosis had been correct. 

Only rarely could an etiological 
mechanism be clearly defined. At 
best, such causative factors as neo- 
natal omphalitis, an exchange trans- 
fusion, neonatal sepsis, abdominal 
trauma, or, occasionally, coincident 
polycythemia could be implicated only 
by association rather than by docu- 
mentation. The problem of establish- 
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ing etiological factors was further 
complicated by the capricious nature 
of the bleeding varix that was gener- 
ally the dramatic first symptom of the 
disease. Some patients bled during 
their first year of life; others bled re- 
peatedly over 30 years of life; and still 
others bled for the first time when 
they were past 50 and retrospective 
data suggested the presence of the 
eendition for 30 years or more. How- 
ever frustrating the bleeding pat- 
terns were, one clear clinical fact 
emerged; bleeding is remarkably 
well-tolerated in these patients in 
contradistinction to patients with cir- 
rhosis. Whatever form of therapy 
‘that is advocated snould bear a mor- 
tality less than that due to the bleed- 
ing varix treated by supportive ther- 
apy alone. In observing the 129 
patients through countless bleeding 
episodes, there were only seven in- 
stances (5%) in which death could be 
even remotely attributed to exsan- 
guination. Presumably, if ncne of the 
129 persons had been subjected to 
portal decompression procedures, the 
5% mortality would have been higher. 
In light of the impressions gained 
frem the bleeding patterns, with and 
without functioning therapeutic pro- 
cedures, a realistic fgure would prob- 
ably not exceed 10%. This assumed 
figure tends to place an allowable ceil- 
ing on the mortality of any contem- 
plated therapeutic procedure. 


Clinical Evaluation 


In nearly every instance in this 
series, the initial symptom or find- 
ing was acute upper gastrointestinal 
tract bleeding or splenomegaly. The 
absence of significant liver function 
abnormalities, the presence of pan- 
cytopenia, demonstrated varices by 
esaphagram or mere recently by 
panendoscopy, and finally angio- 
graphic demonstration of the portal 
venous bleck were accepted as final 
proof of the presence of portal hy- 
pertension. In recent years, angi- 
ography, either through spleno- 
pertography, selective splanchnic 
arteriography, or operative phlebog- 
raphy has become an integral part 
of therapy planning as well as the de- 
finitive diagnostic procedure. In the 
young child, the operative phlebo- 
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gram at the time of portal decom- 
pression was generally selected in 
preference to either splenoportog- 
raphy or selective arteriography, 
simply because it avoided one addi- 
tional anesthesia experience. 

No special preoperative prepara- 
tion was undertaken except in in- 
stances when an esophagogastrecto- 
my was contemplated. In this case, 
the patient was subjected to a simple 
mechanical bowel preparation to pro- 
vide for the versatility of using either 
the ascending colon or the jejunum as 
the esophageal replacement. 


Selection of Operation 


We found that in its pure form “ex- 
trahepatic” portal hypertension could 
best be alleviated by bypassing the 
portal blood around the block and on 
into the portal vein at the porta 
hepatis. Unfortunately, in nearly all 
instances, the portal vein is occluded 
at the porta hepatis and the only al- 
ternative is to decompress the portal 
system by one of several shunting 
procedures. These utilize in one con- 
figuration or another two of the re- 
maining major portal trunks: the 
splenic or the superior mesenteric 
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veins where they are not involved in 
the same thrombotic process that in- 
volves the portal vein. In our series 
35% of the patients had had a previ- 
ous splenectomy that left only one al- 
ternative vein, the superior mesen- 
teric, to be used for decompression 
procedures. Sixteen percent of the pa- 
tients had no vein in the portal bed to 
utilize even as a “makeshift” shunt. 
Of the total of 227 operations per- 
formed on 129 patients, a splenorenal 
shunt was employed in 19%, a meso- 
caval shunt in 14%, and a makeshift 
shunt in 14%. Shunts were unsuccess- 
fully attempted in 15% and partial 
esophagogastrectomies were under- 
taken in 11% of the patients. Splenec- 
tomies alone were performed in 20% 
of the total group of operations and 
in each instance but one, these were 
performed elsewhere prior to consid- 
ering a shunting procedure. The re- 
maining 7% were a mixture of “one of 
a kind” desperation procedures and 
esophageal varices’ suture ligations. 
This study is a summation of our 
experience with various operative 
procedures performed over a 30-year 
period by six surgeons. We have made 
no attempt to single out individual 
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expertise or to divide the series into 
eras in order to underscore obvious 
truths. Without question, there have 
been technical improvements in 
shunts performed in the 1960s. Given 
equal clinical opportunities in the 40s 
and the 60s, the operative morbidity, 
mortality, and patency rates have im- 
proved significantly. Since our data 
are often “soft” and inferential, the 
overall performance record remains 
our only critical guide. 


Results of Therapy 


The Table gives a summation of 
therapy results that have been com- 
piled within the limitations of a study 
of this nature. The figures are ex- 
pressed in percentages rather than in 
actual numbers. One hundred sixty- 
seven operations are analyzed. Sixty 
additional operations, including 45 
splenectomies, have been excluded, 
because, in retrospect, although they 
influenced subsequent surgical selec- 
tion and complexity, they had to be 
considered irrelevant in the eval- 
uation of a class of definitive thera- 
peutic procedures. 


Splenorenal Shunts 


Whipple’ and his co-workers in 
their pioneer efforts advocated the 
use of the splenorenal shunt as the 
logical definitive portosystemic shunt 
in the extrahepatic portal block 
group. The superior mesenteric vein 
was rejected at that time for several 
reasons. First, the superior mesen- 
teric vein is anatomically too far from 
the vena cava to permit a side-to-side 
anastomosis. Second, it would be he- 
modynamically ineffective to perform 
an end-to-side anastomosis (distal su- 
perior mesenteric vein to vena cava), 
since this configuration would not 
decompress the entire portal venous 
bed, contributing to the variceal blood 
flow. Third, an end-to-side anasto- 
mosis would carry a considerable haz- 
ard to the patient in the event of an 
anastomotic occlusion. 

The first splenorenal shunts were 
performed end-to-end following sple- 
nectomy and left nephrectomy, utiliz- 
ing the tantalum tube, nonsuture 
technique of Blakemore and Lord.’ 
All of seven of these anastomoses 
probably thrombosed, and with the 
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advent of fine, atraumatic silk su- 
tures, the technique was shifted to 
the end-to-side method (splenic vein 
to renal vein). This was followed by 
an immediate rise in patency rate 
and a lower rebleeding rate. If the 
overall rebleeding rate of 44% noted 
in the Table is adjusted for this early 
failure group, the rebleeding rate still 
stood at a disappointing 41%. Recog- 
nition of this high failure rate of the 
initial “distal” splenorenal shunt 
stimulated Clatworthy and Boles” to 
develop the “central” end-to-side 
splenorenal shunt and Britton et al’ 
to develop the central side-to-side 
splenorenal shunt. In both instances, 
the early indications are that the pa- 
tency rate will be superior to that of 
the distal splenorenal shunt but the 
long-term performance has yet to be 
determined. 

If we accept, as previously stated, 
that the 10% figure is an acceptable 
guess for the long-term mortality due 
to exsanguination in the untreated 
disease, then the operative mortality 
of 7%, coupled with the long-term 
mortality due to bleeding of 7%, 
makes questionable the justification 
of performing distal splenorenal 
shunts in patients with extrahepatic 
portal hypertension. 


Portacaval Shunts 


A portacaval shunt is technically 
impossible in most instances of extra- 
hepatic portal hypertension for the 
simple reason that generally the en- 
tire extrahepatic portal vein is in- 
volved in the thrombotic process, and 
totally occluded. In rare cases, the 
vein may be recanalized to such an 
extent that it appears patent by 
phlebography. In these instances, the 
quality and configuration of the re- 
canalized vein make its use for shunt- 
ing purposes extremely difficult, if 
not impossible. It is for this reason 
that even when combined with the 
rarer instance of a localized portal 
vein occlusion at the porta hepatis, a 
portacaval shunt was performed in 
only 5% of the cases and was followed 
by a 37% rebleeding rate. 


Mesocaval Shunts 


Marion? and later Clatworthy et 
al encouraged by the relatively low 


morbidity associated with inferior 
vena cava ligation for thromboem- 
bolic ‘disease, independently devel- 
oped the mesocaval shunt by joining 
the proximal end of the vena cava to 
the side of the superior mesenteric 
vein. This development represented 
an immediate step forward in the 
surgical treatment of extrahepatic 
portal hypertension. It provided a 
large shunt, easy to perform and ac- 
companied by a remarkably low mor- 
bidity, mortality, and rebleeding rate 
(Table). The only limitation in its uti- 
lization since its introduction 15 years 
ago has been in instances of the 
thrombosis of the portal vein extend- 
ing into the superior mesenteric vein 
as well. This specific problem has 
arisen in 16% of the 37 patients con- 
sidered for this form of shunt. At this 
time, when anatomically possible, we 
consider the mesocaval shunt the best 
procedure in patients with extrahe- 
patic portal hypertension. 


‘‘Makeshift Shunts”’ 


The label “makeshift shunt” de- 
scribes one in which an enlarged 
aberrant portal radical has been 
joined either side-to-side or end-to- 
side with a large systemic vein, usu- 
ally the vena cava or occasionally the 
renal vein. Although 31 of these 
shunts were created, it does not nec- 
essarily mean the surgeon failed to 
find a patent splenic or a usable supe- 
rior mesenteric vein. Occasionally, the 
surgeon, tempted by a large portal 
collateral vein in juxtaposition to the 
vena cava or in other instances frus- 
trated by the difficulties of access to 
the splenic vein, may settle for join- 
ing a portal collateral vein to a 
nearby systemic vein. 

The results speak for themselves. 
Seventy percent of the patients re- 
bled and 50% of these underwent a sur- 
gical attempt to control bleeding. Al- 
though the recurrent bleeding rate is 
high, 30% of the patients did not re- 
bleed during the study period, so pre- 
sumably they were afforded some pro- 
tection by the shunt. Considering 
these findings, it is our opinion that, 
in the absence of either a splenic or 
superior mesenteric vein, the make- 
shift shunt is better than no shunt at 
all. 
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Attempted Shunts 

The only justification for including 
this category in any discussion of por- 
tal systemie shunting is to report in 
some measure the incidence of surgi- 
cal failure and its eonsequences. The 
Table again indicetes quite clearly 
that the operative mortality is high, 
the rebleeding rate is very high, and 
the need for further surgical efforts 
to control bleeding -s correspondingly 
high. 

Esophagogastrectomy 


During the past 30 years, the as- 
sumption has been made that portal 
hypertension secondary to an extra- 
hepatic bleck is = lifethreatening 
condition, ideally treated by por- 
tosystemic decompression. If this is 
net technically feesible, the varices 
should be obliterated or excised. Var- 
iceal ligation proved to be a temporiz- 
ing measure in most cases; the partial 
esophagogastrectomy, as reported by 
Habif,’ seems to provide greater pro- 
tection against subsequent bleeding. 
Several discouraging features have 
emerged from our study, which opens 
te question whether a partial esoph- 
agegastrectomy should be undertak- 
en in all patients in whom shunts 
eamnot be created for one reason or 
anether. The disturbing features are 
the relatively high operative mortal- 
ity of 19% and the high rebleeding 
rate of 48%. These figures are un- 
doubtedly inflated, because the “last 
recourse” feature applied to a number 
of the patients. Furthermore, varices 
tend to re-form in the proximal part 
of the esophagus, if anything less 
than a total esophagectomy is per- 
formed. In spite of an operative mor- 
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tality that exceeds the estimated 
average mortality for the untreated 
disease by a factor or two, the pro- 
cedure should not be summarily dis- 
carded. The averaging effect of the 
figures can be misleading. Developing 
technical skills and a willingness to 
resect longer segments of the esoph- 
agus have substantially lowered the 
operative mortality and rebleeding in 
recent years. 

Drawing on the observations of 
Britton and Crile and our own, we 
see a positive relationship between 
the size and extent of the varices 
in the esophagus and the threat of 
exsanguination. Our current policy 
is to advise a partial esophagogas- 
trectomy for a patient with massive 
varices and a history of severe hemor- 
rhage when a portosystemic shunting 
procedure is not possible. 


Complications 


For the most part, the complica- 
tions in this series have been what 
might be anticipated. General compli- 
cations inherent in all surgical proce- 
dures have not been more or less fre- 
quent, if appropriate adjustments are 
made for age, coincident systemic dis- 
eases, and the presence or absence of 
gastrointestinal contamination. The 
two common expected complications 
have been homologous serum hepati- 
tis in the multiple transfusion group 
of patients and the resumption of 
variceal bleeding in the shunt fail- 
ure group. Rarely has hypersplenism 
been a problem. 

As noted in the Table, there has 
been an appreciable incidence of cen- 
tral nervous system abnormalities in 
these patients. Previously portosys- 
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temic encephalopathy was encoun- 
tered only rarely following a por- 
tosystemic shunt in the presence of a 
normal liver. Recently, alerted by a 
more-than-average incidence of neu- 
ropsychiatnic problems in this series, 
we have just completed a multidisci- 
plined study reported by Voorhees et 
al’ that revealed a high incidence of 
measurable neuropsychiatric abnor- 
malities far beyond those that might 
be attributed to the emotional trau- 
ma of a prolonged illness of childhood. 


This investigation was supported by the Fund 
for the Advancement of Blood Vessel Surgery. 


References 


es Whipple AO: The problem of portal 

ypertension in relation to the hepato- 

Se athies. Ann Surg 122:449, 1945. 

Po Blakemore AH, Lord JW Jr: A non- 
suture method of blood vessel anastomosis. 
Ann Surg 121:435, 1945. 

3. Clatworthy HW, Boles ET Jr: Extra- 
hepatic portal bed block in children: Patho- 
genesis and treatment. Ann Surg 150:371, 
1959. 

4. Britton RC, Voorhees AB Jr, Price JB 
Jr: Selective portal decompression. Sur- 
gery 67:104, 1970. 

5. Marion P: Les obstructions portales. 
Sem Hop Paris 29:2781, 1953. 

6. Clatworthy HW, Wall T, Watman 
RN: A new Tor of portal-to-systemic 
venous shunt for F roda hypertension. 
Arch Surg 71:588, 1 

7. Habif D: Masia of esophageal 
varices by partial esophagogastrectomy by 
interposed jejunal segment. Surgery 
46:212, 1959. 

8. Britton RC, Crile G Jr: Late results of 
transesophageal suture of bleeding esoph- 
a varices. Surg Gynecol Obstet 117:10, 
196 


9..Voorhees AB Jr, et al: Portal-sys- 
temic see Teme in the noncirrhotic 
patient: Effect of portal-systemic shunt- 
tig. Arch Surg 107:659-663, 1973. 


341 





oe s 


Portal Hypertension 


Control of Portal Hypertension 


Selective Mesenteric Arterial Infusion of Vasopressin 


Moreye Nusbaum, MD; Mohammed T. Younis, MD; Stanley Baum, MD; William S. Blakemore, MD, Philadelphia 


Between 1968 and 1973, of 41 patients 
with bleeding esophageal varices who were 
treated with selective superior mesenteric 
arterial infusion of vasopressin, 40 re- 
sponded. Eighteen had shunt surgery, two 
of whom died. All of the other 23 died. Of 46 
patients not treated by posterior pituitary ex- 
tract (Pituitrin) in the same period, 39 died. 
Furthermore, mortality of the group treated 
with pituitary extract was lower than that of 
a group who bled before treatment with pitu- 
itary extract was available. The recom- 
mended technique of using the superior 
mesenteric artery and angiographic control 
must be strictly followed. If this is done, it 
can be counted on to convert an emergency 
situation to an elective one, which is more 
favorable for operation. 


Ma hemorrhage from esopha- 
geal varices secondary to portal 
hypertension represents a difficult 
problem in diagnosis, management, 
and selection of therapy. In 1967 we 
initially presented a technique for 
the control of portal hypertension by 
selective intra-arterial infusions of 
pharmacologic agents.' At the time it 
was shown in experimental portal hy- 
pertension in dogs that the infusion 
of fractional doses of vasopressin 
directly into the superior mesenteric 
artery resulted in a significant de- 
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crease in both the superior mesenteric 
arterial flow and in the portal pres- 
sure (Fig 1). There was no evidence of 
decrease in cardiac output or develop- 
ment of tachyphylaxis by continued 
or repeated infusions. The adminis- 
tration of catecholamines at frac- 
tional doses directly into the superior 
mesenteric artery resulted only in a 
transient decrease in mesenteric flow 
and portal pressure as a result of an 
autoregulatory escape mechanism.? It 
was concluded that vasopressin ad- 
ministered in doses small enough to 
avoid systemic side effects was the 
ideal agent for control of portal pres- 
sure. This technique was then applied 
to a series of patients. We reported 
the first case of a patient treated suc- 
cessfully by this technique in 1968, 
and further experience has been sub- 
sequently reported in the literature.* 
At present this technique to control 
bleeding from portal hypertension 
and varices is now being utilized in 
various centers throughout the coun- 
try and further reports of accumu- 
lated efficacy by these independent 
investigators are being awaited.*’ 
The following report will relate our 
experiences to date in the manage- 
ment of portal hypertension by intra- 
arterial infusion of vasopressin. 


Material and Methods 


The treatment of patients with massive 
upper gastrointestinal bleeding in our in- 
stitution is a combined one, involving the 
cooperative efforts of the gastroenter- 


ologist, the radiologist, and the surgeon. 
The patient is initially examined in the 
emergency room where vital signs are 
stabilized with infusions of fluid and blood. 
The severity of the hemorrhage is assessed 
immediately. Balloon tamponade is used in 
life-threatening situations, if esophageal 
varices are suspected. The patient is then 
transported to the special studies unit and 
mesenteric arteriography is performed in 
an attempt to determine the source of 
hemorrhage. In 1968, we reported the reli- 
ability of utilizing selective mesenteric ar- 
teriography to demonstrate massive gas- 
trointestinal hemorrhage. With the 
increasing recognition of ancillary sources 
of hemorrhage in patients with portal hy- 
pertension and varices, it is necessary to 
rule out Mallory-Weiss tears, hemorrhagic 
gastritis, duodenal or gastric ulcers, and 
mucosal erosions.*'° Celiac and superior 
mesenteric arteriography, in the face 
of upper gastrointestinal tract hemorrhage 
greater than 0.5 ml/min, has been found 
accurate in diagnosing the site of hemor- 
rhage, if bleeding is active at the time 
of the study.'*"* If the patient is actively 
bleeding and there is no evidence of an 
arterial source of hemorrhage on the ar- 
teriogram, the arteriographic findings of 
chronic liver disease and portal hyperten- 
sion as evidence for variceal hemorrhage 
can be relied upon. 

Collateral circulation and varices on 
the venous phase of the celiac and supe- 
rior mesenteric arteriogram are the prime 
findings that suggest portal hypertension 
(Fig 2). The presence of hepatic arterial 
corkscrewing on the hepatic arteriogram 
(Fig 3) and the presence of retrograde por- 
tal flow are frequent associated findings. 
Because the contrast medium is diluted by 
the time it reaches the venous phase of the 
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Fig 1.—Coneomitant fall in superior mesenteric arterial flow and portal pressure with infu- 
sion of vasopressin derivative into superior mesenteric artery. Note small dose used and 


prampt response. 


arteriogram, extravasation is rarely dem- 
onstrated. 

The catheter is then inserted into the su- 
perior mesenteric artery for infusion. In 
25% ef the cases one or more branches of 
the hepatic artery arise from the superior 
mesenteric artery and care should be taken 
to advance the catheter beyond che origin 
of the hepatic artery prior to beginning 
the infusion. In addition, the hepatic ar- 
tery should not be infused via the inferior 
panecreaticoduedenal arcade when there is 
preexisting celiac stencsis. By adding 100 
units of posterior pituicary extract to 500 
mi ef normal saline, a concentration of two 
tenths of a pressor urit per milliliter is 
made. Using a continuous infusion pump, 
this solution is administered initially at a 
rate of 1 ml/min directly into the superior 
mesenteric artery. After 15 minutes of in- 
fusion, a subsequent mesenteric arterio- 
gram is taken to assess the vascular re- 
sponse to the vasopressin dosage selected. 
Itis important to reproduce the rate of in- 
jection, timing, and sequence of films so 
that the vascular response of the vasopres- 
sin mfusion can be compared to that on the 
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preinfusion arteriogram (Fig 4 and 5). 

There are two satisfactory arteriograph- 
ic responses to the vasopressin infusion. 
One is constriction of the proximal or dis- 
tal branches of the superior mesenteric ar- 
tery. The other response is the develop- 
ment of reflux into the abdominal aorta 
associated with either constriction of 
branch vessels or actual dilatation of 
branch vessels secondary to increased pe- 
ripheral resistance. If a satisfactory re- 
sponse is obtained by arteriographic crite- 
ria, the infusion is continued and the 
patient is transferred to the intensive care 
unit. Cessation of hemorrhage is assessed 
by the stabilization of vital signs and the 
absence of blood in the nasogastric aspi- 
rate. Confirmation of the effect of vaso- 
pressin on lowering the portal vein pres- 
sure can be obtained either by direct 
catheterization of the umbilical vein, by 
cutdown, or by continuous reading of a 
wedged hepatic vein pressure. 

After the initial few cases in which these 
techniques were utilized, we have relied 
exclusively on the arteriographic criteria. 
On occasion it has been necessary either to 


a a 


increase or decrease the dosage of vaso- 
pressin on the basis of the arteriographic 
findings. In no instance was it necessary to 
infuse a dose less than one tenth of a 
pressor unit per milliliter per minute or 
greater than four tenths of a pressor unit 
per milliliter per minute. 

The infusion at the initial dose is main- 
tained for 24 hours. During this time the 
gastrointestinal tract is purged by enemas 
of residual blood, and the bacteria are re- 
duced by a nonabsorbable antibiotic. Liver 
function tests are assessed; hepatic, re- 
nal, and cardiovascular responses are moni- 
tored and stabilized. If the patient has 
stopped bleeding for 24 hours after the on- 
set of infusion, the dose of vasopressin is 
reduced by one half and the infusion is 
continued for another 24 hours. If bleeding 
remains controlled, the vasopressin infu- 
sion is discontinued and normal saline is 
infused while determining the advisability 
and timing of portosystemic shunt sur- 
gery. If the patient shows evidence of re- 
bleeding or continued oozing, the thera- 
peutic dose is resumed and the infusion 
continued until a decision for the advis- 
ability of a shunt operation is made. 

In the period between 1968 and April 
1973 there were 41 patients with bleeding 
esophageal varices and portal hyperten- 
sion who were treated with selective supe- 
rior mesenteric infusion of vasopressin. Of 
these patients, 18 were selected for a va- 
riety of shunt operations that were per- 
formed with the direct infusion of vaso- 
pressin. The remaining 23 patients died 
during their hospitalization. Two of the 18 
patients in whom shunts were established 
died postoperatively. Only one patient 
failed to respond to the vasopressin in- 
fusion; this one continued to have major 
bleeding, despite increasing the dose of 
vasopressin to six tenths of a pressor unit 
per milliliter per minute. An emergency 
portocaval shunt was established and the 
patient died 20 days postoperatively in he- 
patic failure. The remainder of the pa- 
tients were infused for three days to two 
weeks, during which time liver function 
was assessed and the patient was brought 
to optimal condition for possible shunt sur- 
gery. During the same period of time (1968 
to April of 1973) there were 46 additional 
patients with bleeding esophageal varices 
and portal hypertension who were ad- 
mitted to the Graduate Hospital and were 
not treated by vasopressin infusion. Of 
these 46 patients, 39 died while in the hos- 
pital and seven were discharged without 
shunts having been established, because of 
failure to meet criteria for shunt selection. 

In comparison (between 1963 and 1967), 
a series of patients with bleeding esoph- 
ageal varices were admitted to the Gradu- 
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Fig 2.—Venous phase of selective splenic arteriogram showing 
multiple gastroesophageal varices. 


Fig 3.—Selective hepatic arteriogram showing arterial corkscrew 
pattern characteristic of chronic cirrhosis. 





Fig 5.—Selective superior mesenteric arteriogram at 2.5 seconds 


Fig 4.—Control selective superior mesenteric arteriogram at 2.5 during infusion of vasopressin at 0.2 pressor unit/ml/min. Note 
seconds. Note origin of right hepatic artery from superior mesen- pharmacologic response of increased peripheral resistance by reflux 
teric. Catheter was advanced beyond this point for vasopressin infu- of contrast medium into abdominal aorta and minimal dilatation of 
sion, branch vessels. 
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ate Hospital prior to vasopressin infusion 
techniques. A total of 69 patients were an- 
alyzed. Twenty-five of these patients un- 
derwent portosystemic shunt; 12 of the pa- 
tients with shunts died. Thirty-rine of the 
patients without shunts died in the hospi- 
tal for a mortality of 51 patients of the 
original 69. Thus, in the five-year period, 
1963 through 1967, there was a 36% shunt 
rate-and total mortality of 74% in patients 
who had bleeding esophageal varices prior 
to the availability of the technique of pos- 
terier pituitary extract infusion. In the 
five-year period, 1968 to April 1973, there 
was a 44% shunt rate in patients treated 
with posterior pituitary extract infusion 
and a 61% overall mortality. During this 
same period (1968 to April 1973) there was 
an %% mortality in patients with bleeding 
esophageal varices who were treated medi- 
cally without posterior pituitary extract 
infusion. None of these patients had a por- 
toeaval shunt. 

In examining the statistics of the 18 
patients who underwent portosystemic 
shunts during the infusion of vasopressin, 
one was in class A, seven were in class B, 
and ten were in class C by Childs’ classifi- 
cation of hepatic reserve. Two patients 
died in the postoperative period with an 
overall operative mortality of 11%. Both of 
these deaths were in Childs’ class C. One of 
these patients died in renal failure, which 
was present prior to his shunt operation, 
and the other patient died ef an unfortu- 
nate respirator accident some 28 days af- 
ter surgery. Thus, 100% of the elass A and 
elass B patients underwent successful 
shunt operation and 80% of the class C pa- 
tients underwent successful portosystemic 
surgery. In the period 1963 through 1967, 
there were 25 shunt operations: five were 
class A, nine were class B, and 11 were 
class C. There were 12 postoperative 
deaths: none in the class A patients, five in 
theclass B patients, and seven in the class 
C patients. Five of nine class B patients 
died and seven of 11 elass C patients died. 
Of the 25 shunt operations from 1963 to 
1967, 19 were elective and six were emer- 
gency shunt procedures. Five of the six 
patients who underwent emergency shunt 
procedures and seven of the 19 who under- 
went elective shunt procedures died post- 
operatively, confirming the experience of 
high mortality after emergency portocaval 
shunt operation during active bleeding." 


Comment 
It has been demonstrated experi- 
mentally and confirmed in elinical ex- 
perience*’’ that the utilization of su- 
perior mesenteric arterial mfusion of 
vasopressin can effectively decrease 
portal vein pressure by approxi- 
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mately 50%. To what extent this tech- 
nique can aid in the management and 
salvage of patients with cirrhosis and 
portal hypertension remains to be an- 
swered. 

We are certain that if the tech- 
nique of infusion, as we have outlined 
and developed it, is carefully fol- 
lowed, a high degree of success in ini- 
tial cessation of hemorrhage can be 
expected. Other authors have indi- 
cated that there is almost an 80% suc- 
cess rate in the control of acute hem- 
orrhage with this technique.’ It is 
important that the infusion be made 
in the superior mesenteric artery and 
not in the splenic or celiac axis. It has 
been well demonstrated that in the 
vast majority of patients with portal 
hypertension superior mesenteric ar- 
tery flow contributes the greatest 
amount to portal flow. Only in those 
cases where there may be a massive 


splenic artery with overcirculation | 


can a similar degree of benefit be ex- 
pected by infusion of the splenic ar- 
tery. Despite these findings, we have 
discovered that numerous centers 
throughout the country elect to infuse 
the splenic artery rather than the su- 
perior mesenteric artery, with infe- 
rior results. Other factors, such as the 
promptness with which the vasopres- 
sin is infused after the onset of the 
bleeding, may affect the ultimate suc- 
cess. Certainly, after massive ex- 
change transfusions have occurred, 
with depletion of coagulation factors 
and with hepatic coma of long dura- 
tion, the ability to achieve hemos- 
tasis, despite the drop in portal vein 
pressure, is questioned. 

The major value of this technique is 
in removing the emergent situation 
from the patient with massively 
bleeding esophageal varices second- 
ary to portal hypertension. Emer- 
gency shunting procedures can be de- 
ferred. Evaluation of liver function 
can be assessed and the patients can 
be classified as to their degree of liver 
damage, and shunt selection can be 
made with some degree of preopera- 
tive assessment based on clinical, as 
well as arteriographic criteria. 

The long-term survival of the pa- 
tient with bleeding esophageal vari- 
ces from cirrhosis and portal hyper- 
tension depends to a great extent on 
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the success of a portosystemic shunt 
operation. The high mortality of re- 
current bleeding and the rapidity 
with which it occurs is well docu- 
mented in the literature.” Looking at 
the experience both during the pre- 
infusion, five-year period from 1963 
through 1967 as well as the infusion 
period from 1968 to 1973, we find that 
salvage occurs in those patients who 
undergo shunt surgery. 

It appears that in this area there 
are significant differences in mortal- 
ity statistics. First, a greater percent- 
age of patients who are infused also 
have a shunt operation. During the 
1968 to 1973 period, 18 of 41 patients 
(44%) had portosystemic shunting. 
During that same period, an addi- 
tional 46 patients were treated medi- 
cally without vasopressin infusion. 
Eighty-five percent of these died, 
only seven were discharged from the 
hospital, and none underwent shunt 
procedures. In the 1963 through 1967 
period there were 69 patients, of 
which 25 (36%) had shunt operations. 
Of the patients who underwent shunt 
procedures in each group, we find a 
striking difference in mortality. Of 
those patients who had shunt oper- 
ations under the influence of vaso- 
pressin infusion, there were only two 
deaths, an overall mortality of 11%. 
These two deaths were both in class C 
patients. Nevertheless, eight out of 
ten class C patients survived shunt 
operations. In the 1963-1967 group 
there was a mortality after shunt sur- 
gery of 48% (12 out of 25 patients 
died). Of this 48%, seven were class C 
patients, but five were class B pa- 
tients. Five of six patients who had 
emergency shunt procedures died in 
the 1963-1967 period, whereas in the 
1968-1973 period no emergency shunt 
operations were necessary, except in 
the case of one patient who failed to 
respond to vasopressin. Of the seven 
deaths in patients who had elective 
shunt procedures in the 1963-1967 era, 
three were in class C and four were in 
class B. No class B patient died who 
had had a shunt operation and vaso- 
pressin infusion. 

There is increasing evidence 
toward improved mortality statistics 
even in poor risk patients who un- 
dergo shunt procedures either with or 
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without vasopressin infusion.'*'’ In 
our group with shunts, the infusions 
of vasopressin were continued 
throughout the operation. We have 
reached the conclusion that the use of 
vasopressin as an adjunct during 
shunt surgery helps prevent the fur- 
ther decrease in hepatic arterial blood 
flow seen in patients with prolonged 
anesthesia, generalized hypothermia, 
and hypotensive anesthetic tech- 
niques. It is also the subjective opin- 
ion of the surgeon (M.N.) that the op- 
eration is performed with greater 
ease and that there is a decrease in 
operative time and blood require- 
ments with the adjunctive use of mes- 
enteric arterial infusion of vasopres- 
sin during surgery. The ability to 
gain control rapidly of the massive 
hemorrhage during the initial admis- 
sion of the patient prevents deteri- 
oration of the hepatic function, and is 
probably responsible for more pa- 
tients being able to undergo a shunt 
procedure with better mortality sta- 
tistics. It is certainly evident that the 
overall survival of patients with cir- 
rhosis and portal hypertension is in- 
fluenced by the severity and progres- 
sion of their liver disease. In the 
specific cases of massive hemorrhage 
resulting from variceal rupture in pa- 
tients with portal hypertension, mor- 
tality statistics support the necessity 
for portal vein decompression to im- 
prove survival. In this group of pa- 
tients, vasopressin infusion has im- 
proved salvage from the initial 
bleeding and operative procedure. 

=- The arteriographic approach to the 
diagnosis of massive upper gastroin- 
testinal tract hemorrhage in the cir- 
rhotic patients with portal hyperten- 
sion and varices, combined with 
endoscopic examinations, has shown 
other sites of arterial hemorrhage. 
This approach has enabled selective 
arterial vasopressin infusions to con- 
trol hemorrhage without surgical 
mortality and has avoided the blind 
performance of portosystemic shunt 
procedures on many of these patients. 
Those patients who were thought to 
have bleeding from other causes as 
well as portal hypertension and bleed- 
ing were eliminated from the statis- 
tics gathered in this series. They do 
not, however, detract from the value 
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of mesenteric arteriography in over- 
all diagnosis and management of 
these patients. In addition, it is im- 
portant to bring out the actual and 
possible complications of this tech- 
nique. The obvious complication oc- 
curs at the site where the catheter is 
inserted into the femoral artery. 

Of the 41 patients who received a 
continuous infusion of vasopressin, 
two patients required surgery to con- 
trol the problem secondary to the in- 
dwelling catheter. One of these pa- 
tients, after two weeks of infusion of 
vasopressin prior to successful sple- 
norenal shunt, developed a false an- 
eurysm of the common femoral artery 
and required replacement by a vein 
graft two weeks after the shunting 
procedure was completed. A second 
patient developed occlusion of the 
common femoral artery by a throm- 
bus, resulting in ischemia in the leg 
that required thrombectomy 24 hours 
after successful caval-mesenteric 
shunt. There were four additional pa- 
tients who developed hematomas at 
the site of catheter injection. These 
patients had significant coag- 
ulopathies at the time of their arte- 
rial study. Careful attention to the 
catheter site and fixation of the cath- 
eter is necessary to prevent the 
shearing action of the catheter with 
motion of the leg. In addition, care 
must be taken to place the indwelling 
catheter for continuous infusion high 
in the common femoral artery, not in 
the superficial femoral or the bifurca- 
tion of the superficial and deep fem- 
oral arteries. Careful attention to 
these details will prevent a high inci- 
dence of complications. 

Another area of concern is cardiac 
effects of continuous vasopressin in- 
fusion. In the experimental animal, 
utilizing dye dilution techniques, we 
were unable to determine any signifi- 
cant change in cardiac output as a re- 
sult of the continuous infusion of 
vasopressin at the rates used.’ In the 
series of patients studied, all of them 
were monitored by continuous elec- 
trocardiograms and no patient devel- 
oped evidence of myocardial infarc- 
tion. As a result of replacement of 
blood volume, the entire group of pa- 
tients experienced cessation of hem- 
orrhage and stabilization of the cardio- 


vascular system. In two of the 41 pa- 
tients, we observed bradycardia; 
pulse rates dropped to below 60 beats 
per minute, which may have been re- 
lated to the effect of vasopressin on 
the coronary arteries. As a result of 
this effect, the vasopressin infusions 
were temporarily discontinued. None 
of these patients developed gross in- 
farction or cardiac failure. 

The antidiuretic effect of vasopres- 
sin should also be considered. Of the 
41 patients infused with vasopressin, 
23 died without having a shunt proce- 
dure. Their deaths disclosed a combi- 
nation of hepatic failure or repeated 
hemorrhage after the infusion of 
vasopressin was discontinued, be- 
cause it was not possible to get the 
patient in a condition suitable for 
surgery. Ten of these patients died in 
hepatorenal failure. It did not appear 
that renal failure was related to their 
prior vasopressin infusions. During 
the infusion of vasopressin, we antici- 
pate a maximum antidiuretic effect. 
Venous pressure and urinary output 
are carefully monitored. The intake 
of fluids is limited if urinary output 
decreases at the same time there is 
rising venous pressure and dilutional 
hyponatremia. In all but two patients 
urinary output remained more than 
adequate, despite the continuous in- 
fusion of vasopressin. In these two 
patients severe fall in urinary output 
followed the infusion of vasopressin 
and discontinuation of the infusion 
resulted in prompt diuresis. In both of 
these patients, vasopressin therapy 
was resumed and no adverse renal ef- 
fects were seen. One patient had re- 
nal failure on admission, following an 
occlusion of an emergent portocaval 
shunt, and in the postoperative period 
the patient went into progressive he- 
patic and renal failure and finally 
died. It is certainly possible that the 
antidiuretic effect of vasopressin 
could be detrimental to renal function 
in patients who have renal insuff- 
ciency. 


Conclusions 


Portal hypertension can be de- 
creased by the selective superior mes- 
enteric arterial infusion of fractional 
doses of vasopressin without signifi- 
cant systemic side effects. Bleeding 
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from esophageal varices can be tem- 
perarily controlled by continuous in- 
tra-arterial infusion of vasopressin. 
The necessity for emergency portoca- 
val shunts can be eliminated and pa- 
tients can be selected for shunting 
procedures before the infusicn is dis- 
continued. By better selection of pa- 
tients for shunt surgery and by elimi- 
nating the necessity of emergency 
pertecaval shunts, postshunt mortal- 
ity is decreased anc the percentage 
of patients who may have successful 
shunt procedures is increased. We 
propose that the use of this technique 
ean be a useful adjunct in the man- 
agement of patients with bleeding 
esqphageal varices secondary to por- 
tal hypertension. 


Nonproprietary Name and 
Trademark of Drug 


Vasopressin injection—Pitressin. 
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Pulmonary Response to Major Injury 


Joel H. Horovitz, MD, CM; Charles J. Carrico, MD; G. Tom Shires, MD, Dallas 


The pulmonary function of 49 patients ad- 
mitted to the trauma services of Parkland 
Memorial hospital was studied primarily in 
terms of vclume function and blood-gas ex- 
change. The incidence of fulminant pulmo- 
nary failureewas low (three out of 49 or 6%). 
There was ^no evidence that shock without 
concomitar= direct pulmonary injury in- 
creased the incidence of significant pulmo- 
nary dysfusction. Factors that predisposed 
the injured satient to pulmonary dysfunction 
were (a) direct thoracic or pulmonary injury, 
(b) sepsis, Œ) aspiration of gastric contents, 
(d) head injury, and (e) fat embolization. The 
factor that appeared to jeopardize the pa- 
tient’s normal lung function most was sep- 
sis. Almost all septic patients had defects in 
compliance and failed to maintain an ade- 
quate arterial oxygen pressure. A substantial 
number of severely injured patients required 
mechanical respiratory assistance to main- 
tain normal pulmonary function. 


Re emphasis on the pulmonary 
complications of nonthoracic 
trauma has increased usage of the 
term “shcck lung” and given the im- 
plication that the lung is a target or- 
gan in ins=:ances of shock. Most of the 
data obtamed to date have been col- 
lected while studying patients who 
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died in intensive care units. Retro- 
spectively, it has been found that 
more than 50% of such patients have 
had pulmonary failure and may have 
died from it." 

The pulmonary responses to major 
injury have not yet been adequately 
studied prospectively. Available epi- 
demiological data do not substantiate 
or repudiate the claim that shock lung 
is a distinct clinical entity. On the 
other hand, a considerable amount of 
data are available, suggesting that 
posttraumatic pulmonary insuff- 
ciency may be the end result of many 
noxious stimuli to the pulmonary ap- 
paratus.’ 

The purpose of this study was to 
observe a group of severely injured 
patients and collect data from rela- 
tively simple pulmonary function 
tests. It was hoped that this would 
provide some etiological information 
as well as purely descriptive data on 
posttraumatic pulmonary dysfunc- 
tion. 


Materials and Methods 


Patient Selection.—Forty-nine consecu- 
tive patients admitted to the Trauma Re- 
search Unit (TRU) of the University of 
Texas Southwestern Medical School were 
studied. Selection was not made on the 


_ basis of whether or not pulmonary prob- 


lems were likely to.develop. However, they 


did represent a select patient group in that i 


“they were the móst severely injured pa- 
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tients admitted. During the same time pe- 
riod approximately 978 patients were oper- 
ated on at Parkland Memorial Hospital for 
various types of injury. Thus, the study 
population represented 5% of the most se- 
verely injured. 

Except for primarily septic patients, al- 
most all patients were admitted directly to 
the TRU following emergency and oper- 
ative resuscitation. Some were admitted 
from the hospital wards after developing 
problems that called for more intensive 
treatment. All septic patients were ad- 
mitted from the general ward services, be- 
cause they were refractory to the usual 
modes of therapy. They represented the 
most ill, septic patients in the hospital. 
Biographical data on all patients are 
shown in Table 1. 

Study Protocol.—Studies enumerated in 
Table 2 were carried out on all patients. All 
of these tests may be performed by most 
general hospitals. The frequency of deter- 
minations varied according to the patient’s 
condition, but were carried out at least as 


= often as the protocol indicated. The pulmo- 


nary protocol was only one of several stud- 
ies carried out on these same patients and, 
in most cases, was not the sole reason for 
their admission. Studies were begun as 
soon as possible following admission to the 
TRU and were continued until discharge 
from the unit or death. The final dis- 
position of the patients discharged from 
the TRU was ascertained by follow-up of 
outpatient clinic charts or postmortem 
records. — | 

Data Analysis.—For the purpose of data 
analysis, the patients were divided into 


four groups according to the type of in- 
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jury: group 1, blunt trauma without tho- 
racic injury; group 2, blunt trauma with 
thoracic injury; group 3, sepsis and septic 
shock; group 4, penetrating soft tissue 
trauma or hemorrhage or both. Group 4 
was further divided into (a) patients with 
no direct thoracic involvement and (b) pa- 
tients with direct thoracic involvement. 
Each group was then subdivided. Patients 
who had the clinical manifestations of 
shock (systolic blood prssure 80 mm Hg or 
less, tachycardia, oliguria, cool, clammy 
skin) on admission to the emergency room 
(ER) were designated subgroup S. Those 
who did not have these symptoms were 
designated subgroup NS. The assignment 
of patients to the shock or nonshock group 
on the basis of clinical signs may be ques- 
tioned. Although some patients with a sys- 
tolic pressure greater than 80 mm Hg may 
have had organ hypoperfusion, a specific 
level of blood pressure was necessary to di- 
vide the groups. The blood pressure of 
most of the shock patients was unobtain- 
able in the ER. 

The patients’ subsequent clinical course 
was arbitrarily divided into two time peri- 
ods. For the immediate postresuscitative 
period (period A) effective compliance 
(Cert), ratio of arterial partial pressure of 
oxygen to inspired oxygen concentration 
(Pao,/F,0.,), fluid administration, minute 
volume, arterial pH, central venous pres- 
sure, and cardiac output were detailed. For 
the late postresuscitative period (period 
B), the type of respiratory therapy, Cers 
and the efficacy of arterial oxygenation 
over the long term were stressed. In order 
to compare patients treated with varying 
inspired oxygen concentrations, the ratio 
of Pao,/F,0, was computed and used as an 
index of normal oxygenation. The accept- 
able range for this ratio was considered to 
be 350 to 500. Values less than 300 were 
considered to represent significant pulmo- 
nary dysfunction. The acceptable value for 
Cas was taken to be 50 ml/em H,O (tidal 
volume divided by plateau airway pres- 
sure). 


Results 


Period A.—The results of all patient 
groups in the immediate post- 
resuscitative period are shown in 
Table 3. The fluid resuscitation regi- 
men consisted of administering bal- 
anced salt solution (Ringer lactate 
[RL]) rapidly until cross-matched 
whole blood (WB) became available. 
An average of 2 to 3 liters of RL was 
given in the ER prior to blood trans- 
fusion in the present study. The aver- 
age patient received 7.6+1.7 
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Table 1.—Biographical Data on All Patients* 











Pa- Race, 
Group tient Age, yr Sex Diagnosis 
S 1 43 NM MVA Bilateral # (femur) 
2 38 NF MVA # humerus, # mandible; liver laceration; 
renal vein laceration 
3 54 WF MVA Closed head injury; # femur, tibia, fibula; AKA 
4 18 NF MVA Blunt abdominal trauma; # pelvis 
12 NS 5 25 WM MVA Laceration of liver; radical right hepatic 
lobectomy; sepsis 
6 30 WF MVA Closed head injury; # femur, tibia, fibula, 
humerus; ruptured spleen; laceration 
IVC; renal contusions; aspiration 
7 25 WM MVA # femur; right BKA; closed head injury 
8 21 WF MVA Acute subdural hematoma; ruptured spleen 
S 9 30 NM MVA # femur, # tibia; rib # with flail chest 
10 28 NM MVA # femur, # tibia, and fibula; ruptured spleen 
lacerated liver; rib # with flail chest; multiple 
pelvic fractures 
i wl 9 NM MVA # femur; pneumothorax; # ribs with flail chest 
12 40 NM MVA C5 quadriplegia; rib #; cardiac contusion 
13 15 WM MVA Closed head injury; ruptured spleen; rib #; 
lung contusion 
NS 14 46 WM MVA # femur; bilateral pneumothorax; lung 
2 contusion; head injury (severe); asthma 
15 32 NM MVA # pelvis; rib # with flail chest; ruptured 
spleen; lacerated kidney 
16 21 WF MYA # femur; rib # with flail chest; pneumothorax 
17 23 LAM MVA Hemopneumothorax; rib # with flail chest; 
lacerated spleen, liver, colon; aspiration 
18 51 WF MVA Open # tibia; multiple rib #s with flail chest 
19 35 NM MVA Bilateral # femur, tibia; rib #s with flail 
chest; # clavicle, pelvis 
20 15 WM MVA Open skull #; bilateral rib #; bilateral # humerus 
21 45 WF MVA # ribs, maxilla, ulna, radius, femur, tibia, clavicle 
S 22 63 NM Colon carcinoma; colectomy; septic shock 
23 49 NM Acute perforated GB with bile peritonitis; 
chronic chest disease 
24 38 LAF Intraabdominal abscess; septic shock 
25 40 NF Retroperitoneal abscess; septic shock 
26 29 NM GSW abdomen; peritonitis 
34 NS 27 15 NM Retroperitoneal abscess; renal failure 
28 55 WM Perforated duodenal ulcer; chronic chest 
disease; acute pancreatitis 
29 70 NM Superior mesenteric artery occlusion with 
massive bowel! resection 
30 52 LAF Incarcerated ventral hernia; aspiration pneumonia 
31 66 WF Gangrene colon; septic shock 
AS 32 38 WM GSW abdomen; splenectomy; nephrectomy; 
small bowel perforations 
33 51 NF Upper gastrointestinal tract bleeding 
34 19 NM GSW abdomen; splenectomy; small bowel 
resection; diaphragm laceration 
35 29 WM SW neck 
36 28 NM. GSW (both femoral arteries) 
37 16 WM GSW neck 
38 52 WF SW abdomen; lacerated liver, pancreas, and 
small bowel 
39 57 LAM GSW abdomen; lacerated liver, colon, and small 
bowel; aspiration 
40 70 NM Ruptured abdominal aortic aneurysm; cardiac 
4 arrest in ER; open massage; paraplegic # 
postoperatively; renal failure 
41 18 NM GSW aorta, duodenum 
ANS 42 49 NM GSW abdomen; bilateral kidney wounds; 
renal vein laceration; splenectomy 
43 34 NM SW abdomen; laceration IVC, small bowel, colon 
44 47 NM GSW leg 
BS 45 aa NM GSW abdomen and chest; Whipple procedure 
46 68 WM GSW chest and abdomen 
47 24 WM GSW chest and abdomen 
48 34 NM SWchest 
BNS 49 89 NF Gastrointestinal tract bleeding secondary to 
ruptured syphilitic thoracic aortic aneurysm 





* N = Negro; W = white; LA = Latin American; GSW = gunshot wound; SW = stab 
wound; # = fracture; MVA = motor vehicle accident; AKA = above-knee amputation; 
IVC = inferior vena cava; BKA = below-knee amputation. 
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(mean + SD) liters of RL and 5.5 + 2 
liters of WB in the ER and during op- 
eration. The RL/WB ratio did not ex- 
eeed 2/1 in any pat-_ent group. 

The screening tests of pulmonary 
function showed that almost all the 
septic patients had a decreased effec- 
tive compliance and inadequate index 
of oxygenation on admissicn to the 
TEW. Mean values cf Paco, were less 
than 35 mmHg except for the group 4 
patients without pulmonary injury or 
sheeck (mean Pco, = 44+5 mm Hg). 
This finding was qu:te different from 
that of group 4 patients with shock 
who had a mean Paco, of 32 +6 mm 
Hg. Arterial pH results showed that 
one third of all patients were alka- 
lotic after resuscitation. This was a 


ally unresponsive to increased dead 
space therapy. All patients had 
higher than normal minute volume 
measurements on admission to the 
TRU. The increase was due to a small 
rise in respiratory rate accompanied 
by a relatively larger increase in tidal 
volume (partly from mechanical res- 
piratory assistance). 

Period B.—Ninety-six percent of all 
patients in the study had a controlled 
airway during some part of their con- 
valescent course (Table 4). This con- 
sisted of an endotracheal or nasotra- 
cheal tube in 48% and a tracheostomy 
in 58%. Forty-one percent of the pa- 
tients were treated with volume-cy- 
cled respirators vs 59% with pressure- 
cycled respirators. Nineteen percent 


of those treated with volume ventila- 


Table 2.—Studies Performed on All Patients 


Determination Method Frequency 
‘Vital signs 


respiratory alkalosis that wes gener- 




































Heart rate, respiratory rate Console Hourly 
Systolic, diastolic pressure monitoring of 
Central venous pressure indwelling catheters 
Pulmonary artery pressure Swan-Ganz catheter 
Urine output 
Intravenous fluid intake 
Volume function of lungs 
Tidal volume Wright respirometer 
Minute volume or Ohio 560 E 4h 
Sigh volume calculated from a Oe a 
Effective compliance tidal volume 
Chest X-ray film inspiratory pressure Daily 
Biood-gas exchange 
Arterial and venous Radiometer 
Poz system (Astrup) 
Pcoz Twice daily 
pH 
Cardiac output Dye dilution 
F102 Oz analyzer 
A-Vos calculated t Sari s 
Serum osmolarity Advance osmometer 
Total protein, albumin, and : 
globulin | Daily 
Sputum culture 


tors required continuous positive 
pressure breathing to maintain ade- 
quate oxygenation. The mean dura- 
tion of respiratory therapy was 5.5 
days (3.4 days for the shock group vs 
6.4 days for the nonshock group). 

Normal values of C,,; were main- 
tained by the majority of patients, 
except those with sepsis and pulmo- 
nary injury. Fifty percent of patients 
in shock on admission failed to main- 
tain normal C,,, (57% had direct pul- 
monary damage). Forty-eight per- 
cent of patients without shock had 
abnormal results from compliance 
studies throughout the study period. 
One third of these had direct pulmo- 
nary injury. 

The group 3 (septic) patients had 
the highest incidence of inadequate 
oxygenation (80%), ie, ratio of 
Pao,/F 0, <300. Of the patients with 
blunt chest trauma, 40% of the shock 
patients vs 87.5% of the nonshock pa- 
tients maintained adequate values. 
An abnormally low Pao,/F,0, ratio 
was considered by the authors to rep- 
resent significant pulmonary dys- 
function. This was compared with 
shock lung, in which abnormalities of 
both oxygenation and compliance 
were present.’ These results are 
shown in Table 5. In only group 4 pa- 
tients without thoracic injury was 
there a large change in the number 
thought to have major pulmonary 
dysfunction versus shock lung, indi- 
cating only a small number of pa- 
tients with abnormal compliance. 

All admission results (period A) 
were compared retrospectively in 
three groups of patients: (a) those 
with no pulmonary abnormality, (b) 
those with significant pulmonary dys- 


Table 3.—Results of All Patient Groups During Immediate Postresuscitation Period (Period A) 


Resuscitative Fluids 

Effective Arterial 
Compliance, Pao Pcop, 
mi/mm Hg F102 mm Hg 


56 + 28 578 + 144 34+5 
57 +32 282 +281 28 +6 


45 +7 320 + 200 37-9 
62 + 49 320+ 151 36 +10 


37 + 20 236 + 95 2576 
44 + 23 251 + 120 33 F9 


76 +48 314 + 135 cr ii 
70 +37 200 + 82 44 +4 
: : 37 + 21 271 + 230 35 +15 
3.0 : ge 90 31 


Ringer Lactate, 
Liters 
7.6 + 4.1 
7.0 + 0.5 


Whole Blood, 
Liters 


6.1 + 2.8 


10.6 + 6.6 
6.2 +35 
6.7 + 4.9 
7.6+ 6.3 

9.23 + 8.4 

11.1 +-9.5 
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Central 
Venous 
Pressure, 
cm H20 


Arterial Cardiac 
pH, Output, 
Units Liters/ min 
7.46 3.45 + 1.85 
7.52 9.30 + 6.93 


7.39 5.53 + 2.0 
7.43 5.64 + 1.2 


aoe 4.72 + 2.0 
7.44 5.54 + 2.9 


7.33 3.89 + 1.13 
7.47 3.54 + 1.72 
7.50 4.88 + 2.5 
7.56 3.20 


v wia 





NN waf N 00] 00 or] N 00 


a 
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function, and (c) those with shock 
lung. This was done to ascertain 
whether any factor had predictive 
value in terms of future development 
of pulmonary dysfunction. These re- 
sults are shown in Table 6. Those pa- 
tients who subsequently developed 
pulmonary dysfunction had signifi- 
cantly lower effective compliances 
and ratios of Pao./F,0, on admission 
compared to the values of the normal 
group. No other factors were very dif- 
ferent statistically. 

Table 7 shows the mortality and 
cause of death in all patients. In 
group 1 only one patient died of pul- 
monary dysfunction that was unre- 
sponsive to vigorous respiratory ther- 
apy. In group 2, three out of the four 
deaths were secondary to nervous 
System trauma. The fourth patient 
died three weeks after injury of gen- 
eralized peritonitis subsequent to per- 
forated bowel. Group 3 had an 80% 
mortality, the highest in the series. 
Almost all of these patients had sig- 
nificant pulmonary dysfunction. In 
group 4 the major cause of death was 
renal failure. Two of the four patients 
with renal failure had severe direct 
renal trauma. Only one patient died 
of unrelenting pulmonary failure, 
and he had direct pulmonary injury. 
The total mortality for the study pop- 
ulation was 43%. Ten of the 2 pa- 
tients (86%) in shock on admission 
died, vs 11 of the 21 patients (52%) 
not in shock. One patient died in the 
first 24 hours of the study period. 

The overall incidence of pulmonary 
dysfunction was compared in those 
patients manifesting shock versus the 
nonshock group. These results are 
shown in Table 8. There was no in- 
creased incidence of pulmonary fail- 
ure in the shock group. Table 9 shows 
a similar comparison between septic 
and nonseptic patients, indicating a 
greater incidence of pulmonary fail- 
ure in the septic patients. Table 10 
shows the same data with the septic 
shock patients excluded, indicating no 
correlation between the occurrence of 
hemorrhagic shock and the incidence 
of pulmonary failure. 


Comment 


‘Shock lung has been extensively de- 
scribed in the literature since 1945. 
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Table 4.—Convalescent Therapy and Pulmonary Abnormalities in All Patients* 


Respiratory Therapy 


r Effective 
Duration, Compliance Pao2/Fic 


Group Patient Airway Respirator Days >50mi/mmHg ~>300 
O O 0 + sf 
E P + =! 
T P + + 
E P 0 + 
T vc 0 0 
K vc 5 0 0 
T P 2 + 1a 
T P 6 + + 
O (0) 0 0 EF 
E V 3 0 0 
T P 9 0 BP 
E P 2. + 0 
T VC 6 0 0 
E V 4. 0 0 
E P 4 + i 
T vc 6 0 ie 
E P 3 + f 
T V 6 + afs 
F P 5 Gia 

sE V 1 + + 
T V 4 + afe 
F P 3 (0) 0 
E P <1 + o 
E P 2. 0 0 
E P 1 0 ia 
T P 14 + + 
E P 3 0 0 
T V 7 0 0 
E P 3. 0 0 
T vc 7 0 0 
T V 14 + 0 
E P 1 + 0 
T P 4 0 0 
E PC 3 Qi "ie 
ia P 2 T + 
E P 1 + = 
F (0) 0 + AN 
T P 4 + 0 
T vc 4 + = 
T vc 6 + 0 
E P 1 + F 
T V 10 + 0 
E P 1 + + 
E V 4 af + 
jy PC 12 0 + 
T vc 5 0 0 
E V 1 0 bf 
E V 2. 0 + 
T V 8 0 0 

* E = endotracheal tube; T = tracheostomy; P = pressure; V = volume; C = CPPB (con- 
tinuous positive pressure breathing); + = yes (<80% of values); 0 = no (<80% of values); 


T’ = tracheostomy required because of neck injury. 


Table 5.—Significant Pulmonary Dysfunction and ‘‘Classical Shock Lung” 


Significant Pulmonary “Classical 
Dysfunction Shock Lung” 


Group 


All patients operated 
on for trauma 

Patients selected for 
study 


1/10 
0/3 
1/4 
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No Pulmonary 
Failure 





Central venous 

pressure, cm H20 65.92 5.1 
Cardiac output, 

liters /min 4.70+1.7 
ArterialpH 7.455 = 0.089 
Minute volume, 

liters/min 13.54 + 4.19 
Arterial Pcoz, 

mmHg 34 +9 
Pao2/Fie2 386 + 160* 
Effective compli- 

ance, mi/cm H20 66.7 + 42 
Resuscitative 

electrolyte 

solution, ml 7,525 + 4,040 

Whole blood, ml 4,694 + 3,672 








Table 5.—The Predictive Value of Admission Results in the Development of 
Subsequent Pulmonary Dysfunction* 





Significant Pulmonary 





























“Classical 


Dysfunction Shock Lung” 


7.9+=4.2 8.03 = 4.9 
4.90 +2.9 5.61 = 3.08 
7.420 + 0.114 7.44 + 0.122 

15.29 + 5.08 16.09 = 5.2 
34 +9 34 +8 
238 + 154* 193.1 + 137* 
47.1 + 28 34.5 + 10.4* 
9,275 + 5,444 8,277 + 5,022 
7,883 + 6,364 9,100 + 6,932 


* Significantly different (P <.10) by Student t test. 





Mortality 





Numerous animal studies hava shown 
varying degrees of gross and micro- 
scopie changes in the lung following 
hemorrhagic shock.*-" Patchy to con- 
fluent areas of atelectasis and hemor- 
rhage, and varying d2grees of edema 
have been described. Among the most 
elegant studies in animals has been 
the recent work by Moss et al, show- 
ing electronmicrographically the de- 
velopment of interstitial edema after 
hemorrhagic shock. 
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Table 7.—Mortality and Cause of Death in All Patients 








S O 0/4 
NS 75.0 3/4 Severe generalized sepsis and 
L hepatic failure (1) 
Pulmonary failure (1) 
Closed head injury (1) 
T 37.5 3/8 
S 40.0 2/5 Spinal cord injury (1) 
2 Sepsis secondary to bowel perforation (1) 
NS 25.0 2/8 Head injury (2) 
i 32.5 4/13 
S 80.0 4/5 Severe sepsis (4) 
3 NS 80.0 4/5 Severe sepsis (4) 
J 80.0 8/10 Significant pulmonary dysfunction (7) 
S 20.0 2/10 Renal failure (1) 
A Cerebral hypoxia + renal failure (1) 
NS 33.0 1/3 Renal failure (bilateral GSW 
kidneys) + sepsis (1) 
S 50.0 2/4 Renal failure (suprarenal aorta 
clamped 3 hr) 
B Pulmonary failure (1) 
NS 100.0 1/1 Continuing hemorrhage for 2 weeks (1) 
T 33.3 6/18 
All groups 43.0 21/49 







Cause of Death 










Even in the presence of docu- 
mented morphological changes in the 
lungs, the vast majority of studies do 
not show a great defect in oxygen- 
ation. This finding has been shown by 
Clowes et al, Keller et al,’° Sykes et 
al, Schon et al," and Willwerth et 
al'* in the dog. All of these authors 
used a standard Wiggers shock prep- 
aration and in no case was hypoxemia 
produced in the animals. Only follow- 
ing very prolonged (irreversible) 
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shock treated with shed blood only 
has a preterminal decrease in oxygen 
pressure (Po,) been shown."® The lack 
of hypoxemia associated with various 
hemorrhagic shock preparations other 
than the Wiggers preparation has 
also been demonstrated by several in- 
vestigators.™™ Several studies have 
also shown a decrease, rather than an 
increase, in the pulmonary shunt 
fraction concomitant with hemor- 
rhagic shock.**-** This is in contradis- 
tinction to sepsis and septic shock in 
which defects in oxygenation have 
been regularly demonstrated.”** An 
evaluation of the effect of hemor- 
rhagic shock in primates has been 
carried out by Buckberg and his co- 
workers.”’:* In addition, the studies 
of Moss et al included evaluations of 
oxygenation. Neither of these investi- 
gators found a defect in oxygenation 
associated with hemorrhagic shock. 
The weight of experimental evidence 
probably does not implicate hemor- 
rhagic shock in the production of a 
major defect in oxygenation. From 
the results of animal experiments it 
may be misleading to use the term 
“shock lung.” One of the major diffi- 
culties is that there is no animal ana- 
logue to the human problem of post- 
injury pulmonary insufficiency. This 
is because of the difficulty in sorting 
out the many causative factors in a 
clinical study. 

There was no evidence that shock 
per se was an etiological factor in the 
development of pulmonary failure, 
unless it was associated with direct 
pulmonary injury. Wahrenbrock et 
al have found the same compound- 
ing of pulmonary dysfunction when 
hypotension was superimposed on a 
preexisting pulmonary abnormality. 

The results of the present study in- 
dicate several features of the pulmo- 
nary response to injury. First, there 
is a wide spectrum of pulmonary dys- 
function in this patient population. 
The spectrum varies from complete 
absence of pulmonary problems to a 
relentlessly progressive form of lung 
failure. Both of these extremes are 
much less frequent than an inter- 
mediate type of abnormality. The 
rarity of progressive, fatal, pulmo- 
nary failure has been demonstrated 
by studies carried out in Vietnam.*-” 
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Second, in almost all cases, there is a 
definable cause for the pulmonary 
dysfunction. The causative factors of 
importance include (1) direct pulmo- 
nary injury, (2) sepsis, (8) aspiration 
of gastric contents, (4) head injury, 
and (5) fat embolization. 

The only admission  postresus- 
citative measurements of predictive 
value in terms of the future develop- 
ment of pulmonary dysfunction were 
the effective compliance and the ratio 
of Pao,/F,0,. The latter is partic- 
ularly well suited to follow the pa- 
tient’s pulmonary status, because of 
the widespread monitoring of arterial 
Po, in all critically ill patients. As 
well, this ratio is quite simply calcu- 
lated at the bedside. 

In terms of fluids administered 
during resuscitation, there were no 
statistically significant differences in 
the amount of whole blood or crystal- 
loid solution given to those patients 
who later did or did not develop pul- 
monary dysfunction. There appeared 
to be an association between the 
amount of whole blood infused and 
the later development of pulmonary 
insufficiency, but this was not statis- 
tically significant. Administration of 
balanced electrolyte solution did not 
appear to be a factor in the genesis of 
posttraumatic pulmonary dysfunction 
in the present study. 

Oxygen toxicity has been impli- 
cated in the development of pulmo- 
nary lesions. There is little doubt that 
a high F0, level (> .05) over a period 
of several days causes pulmonary ab- 
normalities in both the experimental 
animal and the human. However, this 
did not seem to be the instigating 
factor in significant pulmonary dys- 
function in the present study. There 
was no relationship between the F,0, 
and the subsequent development of 
pulmonary dysfunction. Hypoxia may 
play a role in the perpetuation of pul- 
monary abnormalities caused by a 
number of noxious stimuli. A high 
F,0, level may be necessary to ade- 
quately oxygenate some patients and 
should not be withheld for fear of 
oxygen toxicity. In this present 
study, the patients were treated with 
the lowest concentration of O, pos- 
sible to maintain the Pao, at the min- 
imum of 55 to 65 mm Hg. The addi- 
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Table 8.—Comparison of Patients With and Without Shock 


Significant Pulmonary 


Group 
All patients operated 
on for trauma 
Patients selected for 
study 
Shock (all types) 
Patients with no shock 





“Classical 
Shock Lung” 


% 


Dysfunction 


Table 9.—Comparison of Septic and Nonseptic Patients 


Significant Pulmonary 


Group 
All patients operated 
on for trauma 
Patients selected for 
study 
Septic patients 
Nonseptic patients 


21 


“Classical 
Shock Lung” 


% 


Dysfunction 


21 ; 1.4 


29 


60 
21 


Table 10.—Comparison of Nonseptic Patients With 


and Without Hemorrhagic Shock 


Significant Pulmonary 


Group 


All patients operated 
on for trauma 

Patients selected for 
study 


Nonseptic patients 

Patient in hem- 
orrhagic shock 

Patients without hem- 
orrhagic shock 


tion of continuous positive pressure 
respiration may decrease the require- 
ment for a high F,0, level where this 
form of therapy is indicated. 
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Editorial Comment 


nary function and especially arterial oxy- 
genation levels might be used as a basis 
for aggressive treatment of a functional 
abnormality rather than waiting for ad- 
vanced anatomic pulmonary injury (con- 
noted by the term “shock lung”) to result. 

The multiple and diverse etiologic 
agents that have been suggested in the de- 
velopment of posttraumatic pulmonary in- 
sufficiency are so often present in combina- 
tions or impossible to fully substantiate 
that the implied designation of a single 
agent such as shock oversimplifies and nar- 
rows the diagnostic and therapeutic ap- 
proach. 

Nevertheless, since the basic pulmonary 
response to this variety of insults is sim- 
ilar, a unified approach and plan of man- 
agement has merit. Attention to fluid bal- 
ance, oncotic pressure relationships, 
control of ventilation and institution of 


end-expiratory pressure, as well as diag- 
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nostic and therapeutic interventions di- 
rected toward cardiopulmonary relation- 
ships, intravascular volume, and renal 
function, can reverse the apparent in- 
cipient cases of classical shock lung (which 
may not bear any relationship to shock). 
The popular press appeal of this term 
should not outweigh its misleading conno- 
tations as to a simple cause; nor should the 
desire to approach therapy in a unified way 
necessitate diagnostic “lumping.” It may 
be more cumbersome to speak of acute pul- 
monary dysfunction or acute pulmonary 
insufficiency secondary to a named list of 
specific etiologic agents in an individual 
case, but it is not overly pedantic to call at- 
tention in this manner to the intensive 
diagnostic and therapeutic effort that will 
be necessary to reverse the syndrome. 
JOSEPH M. CIVETTA, MD 
Miami, Fla 
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latrogenic Perforations of the Esophagus 


Therapeatic Considerations 


Yaacov Wellech, MD; Michael Zer, MD; 
Moshe Dintsman, MD, Petah Tiqva, Israel 


latrogenic perforation of the esophagus 
was diagnosed in nine patients; seven were 
operated on and all survived, even when op- 
eration was aelayed for as long as 48 to 72 
hours. Both patients who were treated con- 
servatively died, despite the fact that treat- 
ment was commenced immediately after the 
perforation had occurred. We believe that 
surgical treatment is indicated in all cases of 
esophageal perforation and that conserva- 
tive management should be employed only 
in those patients whose general condition 
copes not permit operation. 


eee of the esophagus con- 
stitutes a surgical emergency de- 
manding immediate treatment. While 
it is generally agreed that spontane- 
aus rupture of the esophagus should 
always be treated surgically, there is 
no such eousensus in the literature 
about the treatment of iatrogenic 
esophageal sears. 

Proponenss of conservative man- 
agement justify their approach by 
the high survival rate, which in some 
series reached between 94% and 100% 
after such treatment? In contrast to 
these encouraging figures, however, 
are reports of mortality of up to 34% 
in cases waere conservative treat- 
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ment was instituted immediately af- 
ter diagnosis of esophageal rupture, 
and a mortality as high as 75% where 
such treatment was delayed.’ Neuhof 
and Jemerin‘ reported a mortality of 
84% in cases of esophageal perfora- 
tion treated conservatively. These 
high death rates have led to the advo- 
cacy of surgical management for such 
cases. 

There is no doubt that the size and 
site of the perforation, the age and 
general condition of the patient, and 
the presence of concomitant disease 
are important factors in determining 
the outcome of these cases. However, 
of no less importance is the type 
of treatment administered and the 
promptness with which it is begun. 

We report our experience in nine 
patients with iatrogenic perforations 
of the esophagus, some of whom were 
treated conservatively and others by 
surgical methods. On the basis of our 
results in this small series and from a 
review of the literature, we have tried 
to determine the optimal therapy for 
these cases. 

Conservative treatment included 
the following: withholding all oral in- 
take, nasogastric suction, parenteral 
alimentation, and the intravenous ad- 
ministration of antibiotics in massive 
doses. We included drainage of the 
pleural cavity, without any further 
surgical procedure directed to the 


area of the perforation, under con- 
servative treatment. 

Surgical treatment comprised su- 
ture of the perforation where the con- 
dition of the adjacent tissues would 
permit; this was done in all cases in 
which the perforation was diagnosed 
and treated immediately after its oc- 
currence. 

In the patients in whom treatment 
was delayed for more than 12 hours, 
direct drainage of the area or the 
pleural cavity, or both, was instituted. 
In addition, either a gastrostomy was 
performed or a nasogastric tube was 
passed beyond the perforation, enabl- 
ing the patient to be fed without the 
passage of food over the sutured area. 

In three cases (Table, patients 5, 6, 
and 9) the area of the perforation was 
covered by normal stomach tissue. 
This was achieved by means of fundal 
plication of the stomach around the 
lower part of the esophagus. 

In the most recently treated cases, 
intravenous hyperalimentation was 
employed to secure better healing of 
the sutured area of the esophagus and 
to avoid performing a feeding gas- 
trostomy. 


Material and Methods 


In the period from 1963 to 1972, nine pa- 
tients in our hospital were diagnosed as 
having iatrogenic perforations of the 
esophagus: two men and seven women 
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whose ages ranged from 49 to 71 years, 
with an average age of 63 years (Table). 

The causes of perforation were (1) oper- 
ation for repair of diaphragmatic hernia or 
vagotomy, or both, in three patients, (2) 
bougienage in three patients, (3) esoph- 
agoscopy in one patient, (4) endotracheal 
intubation during anesthesia in one pa- 
tient, and (5) passage of a gastric tube in 
one patient. 

The presenting symptoms were chest or 
retrosternal pain in four cases, dyspnea in 
four patients, dysphagia in two patients, 
high fever in six patients, and subcutane- 
ous emphysema in two patients. In three 
patients, the diagnosis of perforation was 
made during a Heller esophagomyotomy 
and during operations for the repair of a 
diaphragmatic hernia, so that in these 
cases there were no symptoms referable to 
the injury. 

The size of the tears ranged between 1.5 
and 2 cm. The site of the perforation was 
in the upper part of the esophagus in two 
cases, the middle part of the esophagus in 
one case, and the lower part of the esoph- 
agus in six cases. Two patients were 
treated conservatively (Table, patients 2 
and 7), and seven were operated on. 


Results 


All those patients treated surgi- 
cally survived, even when the oper- 
ation was delayed for as long as 48 
to 72 hours (Table). It should be 
stressed, however, that the duration 
of hospitalization in the patients op- 
erated on immediately averaged 14'4 
days, whereas in three patients oper- 
ated on after delays of 12, 48, and 72 
hours, respectively, the hospitaliza- 
tion periods were 41, 48, and 25 days, 
and all three patients had a compli- 
cated postoperative course. 

In contrast to the seven patients 
who were operated on and survived, 
the two patients who were treated 
conservatively died, despite the fact 
that treatment was started immedi- 
ately after the occurrence of the per- 
foration. In the first patient (Table, 
patient 2), the diagnosis of perfora- 
tion was made at the time of endos- 
copy and treatment was commenced 
immediately. This patient died after 
12 hours. The second patient (Table, 
patient 7), age 49 years, was the 
youngest in our series and in previ- 
ously good general health. In this pa- 
tient, retrosternal pain commenced 
during esophagoscopy for a suspected 
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tumor of the gastroesophageal junc- 
tion. Despite the fact that results of 
a radiological examination on the 
same day disclosed no extravasation 
of the ingested contrast medium, con- 
servative treatment was instituted 
immediately on the suspicion that 
perforation had occurred. This treat- 
ment consisted of massive antibiotic 
administration, nasogastric suction, 
intravenously given infusion, and 
pleural drainage. He died from me- 
diastinitis and overwhelming sepsis 
17 days later. At postmortem exami- 
nation, a 2-cm tear in the middle part 
of the esophagus was found. 


Comment 


Iatrogenic perforation may occur 
at any point throughout the esoph- 
agus, in contrast to spontaneous rup- 
ture, which usually occurs in the lower 
part, mainly on the left side of the 
gastroesophageal junction.’ 

Instrumental perforation of the 
esophagus is a relatively frequent oc- 
currence because of the thin wall (ab- 
sence of serosa) and the relative im- 
mobility of this structure. 

In a review of the complications oc- 
curring after endoscopies, Palmer 
and Wirts® found the incidence of 
perforations of the esophagus to be 
one in every 400 esophagoscopies, and 
one in every 4,000 gastroscopies. More 
recent series": show the incidence of 
instrumental perforation of the 
esophagus to be even greater (one in 
160 to 250 esophagoscopies). 

Other causes of perforation of the 
esophagus include operations for the 
repair of diaphragmatic hernias’ or 
vagotomy and pyloroplasty.’’ Post- 
lethwait and co-workers," in a review 
of 4,414 patients who underwent va- 
gotomy, found 24 cases (0.54%) of per- 
foration of the esophagus. McBurney’ 
is of the opinion that severe esoph- 
agitis and poor exposure are factors 
that predispose patients undergoing 
vagotomy or repair of a diaphrag- 
matic hernia to this complication. 
Less common causes of perforation of 
the esophagus are anesthetic intuba- 
tion, passage of a Sengstaken-Blake- 
more tube, and pneumatic dilation of 
the esophagus. 

An interesting account of a mas- 
sive perforation of the esophagus 





Pa- 
tient Age, 
No yr Sex Diagnosis 

1 71 F Benign esopha 
stricture 

2 63 M Benign esopha 
stricture 

3 56 F Benign esopha 
stricture 

4 65 F Diaphragmatic 
hernia 

5 70 F Diaphragmatic 
hernia 

6 66 F Diaphragmatic 
hernia 

7 49 M Suspected turr 
of stomach 

8 65 F Carcinoma of 
colon 

9 70 F Achalasia 


caused by pneumatic dilation for ach- 
alasia was given by Menguy." The 
tear in the esophagus extended from 
above the hiatus of the diaphragm to 
a point just below the arch of the 
aorta. His patient was successfully 
treated by means of suture of the 
tear, together with a temporary 
“loop” esophagostomy that was closed 
at a later stage. 

The clinical symptoms and findings 
on examination depend on the site 
and the size of the tear. Symptoms, 
such as chest pain, dyspnea, dys- 
phagia, high fever, abdominal pain, 
epigastric tenderness, or even abdom- 
inal rigidity may occur. When the 
perforation occurs in the cervical or 
thoracic esophagus, subcutaneous em- 
physema may be found throughout 
the chest, neck, and face. Subcutane- 
ous emphysema is not seen in perfo- 
ration of the lower part of the esoph- 
agus. In the latter instance, in ad- 
dition to the symptoms noted above, 
there may also be signs of an acute 
abdominal emergency from esophageal 
contents leaking into the peritoneal 
cavity. A history of retrosternal or 
epigastric pain that increases pro- 
gressively, accompanied by respira- 
tory distress and high fever, appear- 
ing after endoscopy, dilation of the 
esophagus, or an operation in the vi- 
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Procedure Size of 

Responsible Site of Perfora- 

for Perforation Perforation tion, cm 
ougienage Lower 1 


NinePatients With Esophageal Perforations 


esophagus 


Time Interval 


Between Perfora- 
Time Interval tion and Com- 
Between Perfora- mencement of 


tion and Diagnosis Treatment, hr 
None (immediate) 4 


Treatment 


Suture of 
perforation 


Outcome 


Discharged 15 days 
after operation 


I a hi“ a S A E EE SEMEL OPT eT. A eee be le Tae 
Died 12 hr after 


ougienage 


Upper (cervical) 0.5 


None (immediate) 0 


Conservative 


perforation 


esophagus 


Thorocotomy, drainage, 
gastrostomy 


Thorax drainage & 
feeding gastrostomy 


Suture of perforation 


Discharged 41 days 
after perforation 


Discharged 48 days 
after operation 


Discharged 14 days 


wsophagoscopy & Lower p Bee 12 hr 12 
bougienage esophagus 

‘epair: Lower 0.5 48 hr 48 
Nissen-Roseti esophagus 

epair: vagotomy, Lower 0.5 None (immediate) 0 
pyloroplasty, closure esophagus 


& fundal plication 


after operation 


of hiatus. 


epair: vagotomy, 
pyloroplasty, closur= 


Lower 0.5 
esophagus 


None (immediate) 0 


Suture of perforation 
& fundal plication 


Discharged 15 days 
after operation 


of hiatus 


At postmortem 0 
examination 


Conservative 


Died 17 days after 
perforation 


oe On en eee 


72hr 72 


Exploration of neck & 
drainage 


Discharged 25 days 
after perforation 


senesthetc = phage r 


ndoscopy Middle 14 of 2 
esophagus 
itubation, Upper 1 
anesthetic esophagus 
dwelling ofgastric Lower ro 
tube during Heller esophagus 


operation 


cimity of the esoptagus should raise 
the suspicion of esophageal! perfora- 
tion. The development of subcutane- 
ous emphysema o> hydrothorax, or 
mediastinal emphysema or pneu- 
mothorax ən roentgenographic exam- 
ination lend support to this diagnosis. 
Radiological examination, after swal- 
lowing a water so_uble cortrast me- 
dium, diacrizoate meglumine (Gas- 
trografim. may help in determining 
the site and, at times, the size of the 
perforation. 

An important radiological sign in 
perforation of the cervical esophagus 
is loss of the normal cervical lordosis. 
This is produced by mflammatory 
changes im the periesophageal tissue, 
and restoratien of the normal curva- 
ture of the cervical spine is a sensi- 
tive index of recovery.” 

In view of the cifferences of opin- 
ion concerning the treatment of 
choice in eases of esophageal perfora- 
tion, varieus authors have sought to 
establish guiding principles. Boyd 
and Wittmann” maintain that pneu- 
methorax pneumcperitoneum, medi- 
astinitis, mediastinal emphysema, 
subcutaneous emphysema. and ex- 
travasaticn of the swallowed contrast 
medium through the perfcration are 
indications for operation. The ab- 
sence of these findings and the pres- 
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None (immediate) 0 


ence of mild symptoms, such as dysp- 
nea, pain in the neck, and fever are 
indications for conservative manage- 
ment. Other authors’? are of the opin- 
ion that iatrogenic perforations re- 
quire surveillance and conservative 
treatment in the first instance, and 
that immediate operation is manda- 
tory only in the presence of a large 
perforation. The patient’s tempera- 
ture, pulse, and general condition are 
observed. An elevation of tempera- 
ture and the appearance of signs of 
shock are indications for surgical in- 
tervention. One might ask whether it 
is wise to wait until signs of deteri- 
oration in the patient’s condition ap- 
pear before intervening surgically. 
Should only the size of the perfora- 
tion serve as the criterion for immedi- 
ate operation? Youngs and Nicoloff" 
emphasize the difficulty in deter- 
mining the size of the perforation 
prior to surgery. 

Anotherimportant consideration in- 
fluencing the patient’s prognosis is 
the time elapsing between the occur- 
rence of perforation and the institu- 
tion of treatment. It is known that 
delay in the diagnosis and treatment 
results in an increase in both morbid- 
ity and mortality. This is clearly re- 
flected in the figures of several differ- 
ent series and well exemplified in the 
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Suture of perforation 
& fundal plication 


Discharged 14 days 
after operation 


results of Foster et al,* who found a 
mortality of 13% among patients with 
esophageal perforation treated with- 
in the first 24 hours, and 45% among 
patients who were treated after a 
lapse of 24 hours. 

Regarding reports in the literature 
and our own experience, we believe 
that esophageal perforation demands 
immediate operation, particularly if 
it has occurred in the middle- or lower 
part of the esophagus, without taking 
the size of the perforation into ac- 
count. We believe that there is no 
point in waiting for the patient’s con- 
dition to deteriorate, and that the op- 
eration should be performed as soon 
as the diagnosis has been established. 
Conservative treatment should be re- 
served only when the patient’s gen- 
eral condition does not permit oper- 
ation or when the perforation has 
occurred in the cervical esophagus. 

The ideal surgical procedure is pri- 
mary suture of the esophagus with 
drainage of the area. In those cases 
where the diagnosis has been delayed, 
débridement of the damaged tissue 
with drainage of the area has been 
recommended. This may be supple- 
mented by cervical esophagostomy 
and a feeding gastrostomy. Recon- 
struction of the esophagus is under- 
taken at a later stage, when the con- 
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dition of the patient permits. 

The recent introduction of intra- 
venous hyperalimentation has en- 
abled patients to be maintained on 
` parenteral feeding for prolonged pe- 
riods, thereby obviating two-stage 
operations in the majority of cases. 

We did not consider it necessary to 
perform an esophagostomy on any of 
the patients whom we operated on, 
and we have also refrained from 
doing feeding gastrostomies on our 
more recent patients. Tuttle and Bar- 
rett“ have performed primary suture 
of the perforation even in cases in 
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which the diagnosis was made after a 
delay of more than 24 hours. The mor- 
tality in these cases was 15.7%. In the 
series of Foster et al,’ primary su- 
ture was performed 30 to 72 hours af- 
ter perforation in three patients, all 
of whom survived. In our series, one 
patient was operated on after 48 
hours and another after 72 hours, 
with recovery in both instances. 

One may conclude from this that 
the length of time elapsing since per- 
foration is not a contraindication to 
operation, and that the decision 
whether to perform primary suture 
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the tissues in the area of the perfora- 
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primary suture, we also performed 
fundal plication of the stomach 
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ton." This procedure permits an ear- 
lier return to oral feeding after clo- 
sure of the perforation. 


principles in treating perforation of the 
esophagus. Surg Clin North Am 51:567- 
574, 1971. 

13. Hardin WJ, Hardy JD, Conn JH: 
Esophageal perforations. Surg Gynecol Ob- 
stet 124:325-331, 1967. 

14. Youngs J, Nicoloff D: Management 
of esophageal perforation. Surgery 65:264- 
268, 1969. 

15. Foster JH, et al: Esophageal perfo- 
ration. Ann Surg 161:701-709, 1965. 

16. Tuttle WM, Barrett RJ: Late esoph- 
ageal perforations. Arch Surg 86:695-700, 
1963. 

17. Herrington, cited by McBurney RP: 
Perforations of esophagus: A complication 
of vagotomy or hiatal hernia repair. Ann 
Surg 169:851-856, 1969. 


Esophageal Iatrogenic Perforations/ Wolloch et al 


Thirty-two infants underwent surgery, 
during a 21-year period, for painless rectal 
bleeding due t) Meckel diverticulum. Radio- 
logical examinations do mot help in the diag- 
nosis of this lesion. 

Three infans had no radiological investi- 
gation before surgery. Twenty-nire infants 
had a barium sulfate enema, fourteen an up- 
per gastrointestinal examination, and four 
had a small bowel examination. The cause of 
bleeding was pot determined. 

It is quesiioned whether radiological 
examination cf the gastrointestinal tract 
should constitate a part of the routine inves- 
tigation in a previously healthy infant who 
has painless sectal bleeding. The yield in 
making a correct diagnosis is greater from a 
careful history, the finding of a benign 
abdomen, and normal findings from sigmoido- 
scopic examinetion. 

Abdominal scanning with sodium per- 
technetate Tc 99m, which is selectively 
taken up by normal and aberrant gastric mu- 
cosa, is a help'ul diagnostic tool. 


Meckel diverticulum is the 

most frequent cause of painless 
and serious lower gastrointestinal 
hemorrhage in a previously healthy 
infant.'? Over 50% of these infants 
have symptems before the second 
year of life. In this age group, the 
complications of this embryological 
remnant in ceseendirg order of fre- 
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quency after hemorrhage are intesti- 
nal obstruction and perforation. In- 
testinal obstruction is caused by the 
intussusception of the diverticulum or 
volvulus about a fibrous omphalome- 
senteric cord. Perforation of the di- 
verticulum can be regarded as the 
end stage of peptic ulcer disease in 
the diverticula, of which hemorrhage 
is the initial and the most common 
form of presentation. In a retrospec- 
tive study of the operative cases of 
Meckel diverticulum at the Children’s 
Hospital Medical Center, Boston, be- 
tween 1951 and 1972, 60 infants under 
2 years of age were seen.’ Thirty-two 
infants had rectal bleeding. The ex- 
tent and the variety of radiologi- 
cal procedures employed during the 
course of the routine investigation 
for rectal bleeding were reviewed to 
ascertain their efficacy as a diagnostic 
tool in this condition. The diagnostic 
approach to this condition is now 
being reexamined on the basis of the 
recent availability of radionuclide ab- 
dominal scanning. 


Clinical Data 


Of the 32 infants in the study who 
had painless rectal bleeding, 18 in- 
fants were seen during the first year 
of life, while the remaining 14 were 
seen during the second year of life. 
The youngest was 2 months old, and 
the mean age was 12% months. 

Three infants had no radiological 
examination. Twenty-nine (91%) in- 
fants had a barium sulfate enema, 
fourteen (44%) had an upper gastroin- 
testinal examination (usually follow- 
ing a barium enema), and four had a 
small bowel examination. In none of 


these examinations was the cause of 
bleeding demonstrated. Twelve in- 
fants (38%) also had a sigmeidoscopic 
examination without demonstration 
of a bleeding point. All had ben- 
zidine-positive stools. 

The average interval between ad- 
mission to the hospital and the surgi- 
cal removal of the Meckel diver- 
ticulum was two days. Ectopic gastric 
tissue was found on routine histio- 
logical examination in 29 of the 32 di- 
verticula (91%). 


Comment 


Meckel diverticulum remains the 
most frequent cause of copious, pain- 
less, and serious lower gastrointesti- 
nal bleeding encountered in a previ- 
ously healthy infant under 2 years of 
age.' The clinical picture is character- 
istic: painless rectal bleeding of sud- 
den onset, usually preceded by the 
loss of appetite, and, on occasion, 
fretful behavior for several days. 
Melena stool may be seen initially but 
usually frank blood and clots mixed 
with normal stool appear subse- 
quently. The bleeding may occur in- 
termittently or continuously, be of 
variable duration, and occur without 
signs of obstruction or sepsis. In a 
small proportion of cases, a history of 
previous, self-limiting bleeding epi- 
sodes is obtained. Tachycardia and 
pallor develop as the hematocrit 
level falls, while a benign abdomen is 
found invariably on physical exami- 
nation. 

The differential diagnosis in in- 
fants less than 2 years of age with a 
surgical cause of rectal bleeding in- 
cludes anal fissure, volvulus, intussus- 


Meckel Diverticulum/Meguid et al 361 





ception, peptic ulcer, and colonic 
polyp. Of these, a colonic polyp and 
a Meckel diverticulum usually cause 
painless bleeding. 

To exclude a colonic polyp as a 
cause of bleeding, an air contrast bar- 
ium enema is traditionally per- 
formed, but such an examination re- 
quires vigorous colon preparation, 
which is hardly appropriate in an 
emergency situation. Plain contrast 
medium barium enemas are not opti- 
mal to demonstrate this lesion. The 
occurrence of juvenile polyps in the 
first year of life is rare, as it most 
commonly appears after the second 
year of life and reaches a peak inci- 
dence between four to five years.’ 
Polyps are most commonly found in 
the rectum and sigmoid colon, the 
majority are found proximally in the 
rectum.*®® Although bleeding is also 
a common initial symptom, the pat- 
tern of bleeding is usually suffi- 
ciently different from that caused by 
a Meckel diverticulum to enable clini- 
cal distinction.” 

The use of barium by mouth or by 
rectum to demonstrate the bleeding 
from a diverticulum in these infants 
is unwarranted because the fre- 
quency with which barium enters the 
Meckel diverticulum, and is recog- 
nized as being in this location, is ex- 
tremely rare. Approximately 65% to 
80% of the ectopic tissues found in the 
omphalomesenteric remnant are gas- 
tric.’ It has been demonstrated by ab- 
dominal scanning that gastric mucosa 
takes up sodium pertechnetate Tc 
99m; this is a more physiological and 
less invasive diagnostic approach in 
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confirming the diagnosis than the use 
of barium.®?? 

The recommended dose of sodium 
pertechnetate Te 99m for infants is 
100 microcuries/kg. Premedications 
that contain either sodium or potas- 
sium perchlorate should be avoided as 
these compounds competitively block 
radiotechnetium uptake by gastric 
mucosa, and thereby, conceivably, a 
small area of ectopic gastric mucosa 
could be overlooked.'* In addition, the 
previous use of barium contrast me- 
dium may lead to false-negative re- 
sults since barium absorbs the sodium 
pertechnetate Tc 99m y rays. Immedi- 
ately following the intravenous injec- 
tion, the infant’s abdomen is moni- 
tored continuously with a y camera. 
Uptake in ectopic and normal gastric 
mucosa should occur simultaneously. 
The Meckel diverticulum is usually 
observed as an area of localized up- 
take in the right lower quadrant 
while the gastric outline is also seen. 
If a focus of ectopic uptake is de- 
tected, a lateral view should be ob- 
tained promptly to demonstrate the 
anterior position of the uptake. This 
helps to differentiate a Meckel diver- 
ticulum from retention of radio- 
activity within the renal pelvis and 
within normal or dilated ureters. 
Other causes of false-positive inter- 
pretations may be intussusception or 
small bowel obstruction.'*'° However, 
these infants generally do not appear 
with painless rectal bleeding. 

In our limited clinical experience, 
we have found abdominal scanning 
very helpful in the diagnosis of 
Meckel diverticulum, and we have ob- 
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tained results similar to those re- 
ported in the literature. However, a 
study on the accuracy, efficacy, and 
correlation of the gastric tissue con- 
tent is currently being undertaken (S. 
Treves, MD, unpublished data). The 
mechanism of uptake of sodium per- 
technetate Tc 99m by gastric tissue is 
not fully understood. Possible causes 
of failure of uptake of sodium per- 
technetate Te 99m include concomi- 
tant inflammation and venous en- 
gorgement due to obstruction of the 
diverticulum.’ 

The infant under 2 years of age 
who appears with rectal bleeding, 
suspected to be caused by ulceration 
of Meckel diverticulum, should have 
careful sigmoidoscopic examination 
to exclude possible distal colonic dis- 
ease and, where indicated, a hemato- 
logic examination to exclude general- 
ized bleeding disorders. A sodium 
pertechnetate Tc 99m abdominal scan 
should then be performed for identi- 
fication of ectopic gastric mucosa that 
is present in most bleeding Meckel 
diverticula. Barium examinations of 
the gastrointestinal tract in these 
infants is highly unlikely to demon- 
strate a Meckel diverticulum. We ad- 
vocate that barium examination 
should not constitute a part of the 
routine investigation for a bleeding 


Meckel diverticulum. 
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Retroanastomotiec Hernia 


John M. Johnson, MD; MacDonald Wood, MD; 
James Lawson, MD; Harry W. Hale, Jr., MD, Phoenix, Ariz 


The orifice behind a gastroenterostomy 
has infrequently been the site of an internal 
hernia. During the past 75 years, the 175 
published cases of a retroanastomotic hernia 
have shown a high mortality. 

In the present description of three addi- 
tional patients, whose conditions were suc- 
cessfully managed, two had chronic obstruc- 
tion with efferent-loop herniation. The other 
patient developed an afferent-loop hernia 
that, because of prolonged observation, pro- 
gressed to gangrene of the involved jejunum 
and duodenum, requiring extensive resec- 
tion. Closure of the internal hernial ring at 
the time of the initial gastric operation pre- 
vents the formation of retroanastomotic her- 
nia. 


T )osterior to a retrocolic or an- 
tecolic gastroenterostomy is an 
opening through which the efferent or 
afferent limb of the jejunum may her- 
niate. Since 1897, periodic publica- 
tions have reported 175 cases of 
retroanastomotic herniations. The 
mortality has been high; over 30% in 
patients who had laparotomy and 
100% in patients not operated on.! 
This report presents the successful 
management of the conditions of 
three additional patients, two with 
efferent-loop and one with afferent- 
loop herniation. The latter patient 
may be the only one who has survived 
gangrene of the duodenum secondary 
to an obstruction with strangulation 
of the afferent loop. 
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The anatomy and mechanism of her- 
niation, the clinical picture, and the 
method of prevention will be dis- 
cussed. 


Report of Cases 


Case 1.—-In April 1970, a 31-year-old 
white woman had a partial gastrectomy, 
with a retrocolic gastrojejunostomy, for a 
bleeding gastric ulcer. Symptoms of a 
high-bowel obstruction were present post- 
operatively but subsided with nasogastric 
suction. Intermittent epigastric fullness 
and vomiting persisted for the next five 
months. Severe pain in the epigastrium 
and right upper part of the abdomen 
prompted readmission. Upper gastroin- 
testinal tract roentgenograms were inter- 
preted as a partial gastric outlet obstruc- 
tion with possible small bowel herniation 
posterior to the afferent limb of the jeju- 
num. At laparotomy, on Oct 21, 1970, the 
entire small bowel, except for 10 cm of the 
distal part of the ileum, had herniated 
from right to left through the retroanas- 
tomotic hiatus (Fig 1). Following reduction 
of the nondilated, herniated bowel, the de- 
fect was closed with interrupted silk su- 
tures. The postoperative period was un- 
complicated and the patient has remained 
well. 

Acute herniation probably oecurred 
in the immediate postoperative pe- 
riod. Bouts of obstruction, between 
asymptomatic periods, led to roent- 
genographic findings of internal her- 
nia that was confirmed at lap- 
arotomy. 

CASE 2.—A 54-year-old white woman was 
admitted to Good Samaritan Hospital on 
Aug 20, 1970. She had had a 50% gastrec- 
tomy, with vagotomy and gastrostomy, in 
1962, for duodenal ulcer disease that had 
been present since 1943. In 1968, she began 
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having dull pain in the upper part of the 
abdomen with fullness, and sharp shooting 
pains extending into the upper left part of 
the abdomen and back. The symptoms, re- 
lieved by recumbency, would occur every 
two or three weeks and would be associ- 
ated with sweating, tachycardia, weak- 
ness, and nonbloody, frothy stools. Food 
intolerances were numerous. Chronic 
weight loss and epigastric tenderness were 
her major objective findings. On roentgen- 
ographic examination, a small gastric 
pouch, without ulceration but with rapid 
emptying, and a nonvisualizing gallblad- 
der were noted. At laparotomy on Aug 22, 
1970, a total of 1.2 meters of the proximal 
part of the jejunum (efferent loop), par- 
tially obstructed, were found to have her- 
niated through the hiatus (right to left) 
posterior to a gastrojejunostomy (Fig 2). 
After reduction, the defect was closed with 
interrupted silk sutures. Cholecystectomy 
(for chronic cholecystitis) was performed. 
Postoperatively, a mild ileus gradually re- 
solved, and she has remained free of pre- 
operative symptoms when last seen 2'2 
years later. 

For many years this patient had 
been treated for a dumping syn- 
drome, and a retroanastomotic hernia 
had never been considered. Roent- 
genographic studies did not assist in 
the diagnosis of an internal hernia 
that was finally discovered at lap- 
arotomy. 

CasE 3.—A 49-year-old white man was 
readmitted to the hospital in September 
1970 with severe postprandial, abdominal 
pain, nausea, and vomiting. In 1964, he had 
had a gastrie resection, with an antecolic 
gastrojejunostomy, for duodenal ulcer dis- 
ease. Recurrent ulcer symptoms, starting 
in 1969, resulted in perforation of a mar- 
ginal ulcer that was operatively closed two 
weeks prior to his readmission in Septem- 
ber 1970. 

Tenderness in the epigastrium and left 
upper part of the abdomen and moderate 
protuberance were observed at admission; 
no masses were felt. Roentgenograms 


were not helpful. Failure to improve. 


prompted laparotomy three days after ad- 
mission. 

The herniated, afferent loop was greatly 
distended and necrotic, as was the duode- 
num. Gastrectomy, including the gastroen- 
terostomy, removal of efferent and af- 
ferent loops, and a partial duodenectomy 
were done (Fig 3, left). The distal part of 
the jejunum was anastomosed to a rim of 
duodenum surrounding the papilla of Va- 
ter, and a gastrojejunostomy and decom- 
pressive and feeding jejunostomies were 
performed (Fig 3, right). Because of ques- 
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Fig 1.—Efferent-loop herniation (case 1) 
of nonobstructed small bowel through ret- 
roanastomotic hiatus (retrocolic). 


tionable viability, the hepatic flexure of the 
colon was exteriorized. The postoperative 
period was complicated with biliary-cuta- 
neous fistula, pancreatitis, and bron- 
chopneumonia. The patient’s condition 
gradually improved and he was discharged 
during the eighth postoperative week. Clo- 
sure of the colostomy was done in April 
1971, and he is currently doing well. 
Herniation occurred six years after 
the original gastrojejunostomy. No 
evidence of herniation had been seen 
at the closure of the perforated mar- 
ginal ulcer. The delay in opera- 
tion contributed to the gangrenous 
changes in the duodenum, but, fortu- 
nately, viable bowel was present ad- 
jacent to the papilla of Vater, per- 
mitting duodenojejunostomy. In 
reviewing available publications, this 
patient represents, to our knowledge, 
the only known survivor of a gangre- 





Fig 2.—Efferent-loop herniation (case 2) 
with rotation of stomach, partial obstruc- 
tion of afferent loop, and herniated small 
bowel (antecolic). 


nous duodenum secondary to afferent 
limb herniation. 


Comment 


An internal hernia following gas- 
troenterostomy was originally re- 
ported by Buddee? in 1897. However, 
Petersen? gave the first detailed de- 
scription of this condition in 1900, and 
added two cases. Since then, hernia- 
tion posterior to a gastroenterostomy 
has been called “Petersen hernia.” 

The first case in America is cred- 
ited to Mayot in 1902. Sporadic re- 
ports appeared in the medical publi- 
cations until Himmelmann,®* in 1933, 
presented a collective review of 44 
cases. Later, Bastable and Huddy,’ in 
1960, reported 114 additional cases. 
Since then, occasional publications’ ** 
remind us of the infrequent occur- 


Fig 3.—Left, Afferent-loop herniation (case 3). Resection of gastrojejunostomy, efferent 
loop and gangrenous (shaded) afferent loop, and duodenum. Right, Reconstruction. Distal 
jejunum (X) to rim of duodenum around papilla of Vater, gastrojejunostomy, and decom- ı 
pressive and feeding jejunostomy. 
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rence of re-roanastomotie herniation, 
which, when it does occur, is a serious 
and often _fe-threatening postopera- 
tive complzation. 


Anatomy 


The opering through which a ret- 
reanastometic herria can occur has 
defmite anatomic boundaries. With a 
retrocolie gastroenterostomy, the an- 
terior border is the gastroenter- 
estemy ane the afferent limb of the 
small intestine; the posterior border 
is the parietal periconeum; the supe- 
rior border the transverse mesocolon; 
and the interior border, the ligament 
of Treitz. la an antecolic gastroenter- 
ostomy, the potential hernia defect is 
beunded aateriorly by the gastroen- 
terestomy and the afferent limb, pos- 
teriorly by the transverse colon and 
transverse mesocolon, superiorly by 
the transverse colon, and inferiorly 
by the ligament of Treitz. 


Cause anc Mechanism of Herniation 


‘The exac cause of internal hernia- 
tion following gas-roenterostomy is 
difficult to determine, but is probably 
dependent on three variables: the 
length of tne afferent limb, retrocolic 
or antecole placement, and isoperi- 
staltic or antiperistaltic anastomosis. 
In a review of 175 reported cases and 
in our three cases, afferent-loop ob- 
struction was more common with an 
antecolic anastomosis, presumably 
due to a leng afferent leop used for 
theanastomosis. By comparison, effer- 
ent-loop herniation was more preva- 
lent with rtrocolic anastomosis. 

In an attempt to analyze the sig- 
nificance o` the direction of the jeju- 
nal loop, similar to the method of 
Markowitz* information concerning 
isoperistalfic versus antiperistaltic 
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anastomosis was inaccurate and gave 
inconclusive results. However, hernia- 
tion appeared to occur more fre- 
quently with isoperistaltic gastroen- 
terostomies than with antiperistaltic 
anastomoses. Regardless, no gastro- 
intestinal anastomosis is free from 
potential herniation unless the space 
is closed by sutures. 


Signs and Symptoms 


Symptoms have occurred immedi- 
ately after operation for as long as 13 
years later. One half of the cases had 
symptoms within the first month, one 
fourth between one month and one 
year, and the remainder for more 
than one year.’ 

Bastable and Huddy® reviewed the 
different clinical findings between af- 
ferent-loop and efferent-loop obstruc- 
tion. With afferent-loop hernias, the 
pain was epigastric in location and 
was constant. Vomiting was not com- 
mon, but when it occurred, bile was 
almost always absent. In one third of 
the reports, a mass was felt in the left 
upper part of the abdomen. Intestinal 
fluid levels were usually not seen on 
roentgenograms. A more typical pic- 
ture of small bowel obstruction was 
seen with efferent-loop hernias. In 
the latter instance, abdominal pain 
was more generalized and colicky; 
vomiting was extremely common, but 
bile was absent in one third of the 
cases. Palpable masses were not 
noted. Intestinal fluid levels were 
seen on rmentgenograms of the abdo- 
men. 


Prevention 


The potential hernial defect should 
be closed in a manner similar to the 
closure of any other internal hernial 
ring.' With an antecolic anastomosis, 


this opening can be closed with su- 
tures beginning at the gastrojejunos- 
tomy and afferent loop, and attaching 
the peritoneum to the transverse me- 
socolon and colon in a line down to the 
ligament of Treitz. For retrocolic 
anastomosis, the sutures would fix the 
peritoneum of the afferent limb to the 
parietal peritoneum and to the region 
of the ligament of Treitz. 
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The Intratympanic Correction 


of Frey Syndrome 


Gustatory flushing and sweating is a com- 
mon complication of parotidectomy. This 
syndrome, usually called Frey syndrome, is 
presumed to arise from aberrant innervation 
of sweat glands in the skin overlying the pa- 
rotid excision. The auriculotemporal nerve 
carries postganglionic parasympathetic fi- 
bers that have preganglionic origins in the 
tympanic plexus. Sectioning of the tympanic 
plexus in four patients with Frey syndrome 
has been successful in terminating these 
symptoms. 


Eyri flushing and sweating 
of the face, in the distribution 
area of the auriculotemporal nerve, is 
a common complication following pa- 
rotidectomy or parotid abscess. This 
syndrome was described almost two 
centuries prior to Lucie Frey’s de- 
scription in 1923 of a patient with 
gustatory sweating following parotid 
trauma and infection. Laage-Hell- 
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man? has observed 123 patients fol- 
lowing parotidectomy, and 100% 
showed some degree of gustatory 
flushing and sweating. Ninety-eight 
per cent had positive starch-iodine 
tests, and 62% complained of symp- 
toms. In 1960, Hemenway’ proposed 
sectioning of the Jacobson nerve for 
the control of Frey syndrome. His ra- 
tionale was based on the presumption 
that regrowth of secretomotor fibers 
from the auriculotemporal nerve 
causes aberrant innervation of sweat 
glands in the skin following parotid 
excision. Interruption of the tym- 
panic plexus destroys at least the 
parasympathetic component of this 
condition. This procedure was per- 
formed on four patients who com- 
plained of these symptoms. They 
have been observed from 14 to 28 
months postoperatively, and in all 
four patients, the syndrome was 
aborted immediately with no return 
of symptoms. 


Anatomy 


The tympanic plexus is an arboriza- 
tion of nerves on the promontory of 
the middle ear. It is formed by the 
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junction ef the tympanic branch of 
the glossqpharyngeal nerve and ca- 
roticotympanic branch of the internal 
carotid plexus. The tympanic branch 
of the glessopharyngeal, known as 
the Jacobson nerve, carries secre- 
tomotor, parasympathetic pregangli- 
onie fibers-originating in the inferior 
salivary nucleus in zhe medulla. These 
fibers travel with the IXth nerve via 
the petros ganglion and leave the 
[Xth nerve to enter the middle ear 
through a eanaliculus between the in- 
ternal jugelar vein and internal ca- 
rotid artery. The nerve passes verti- 
cally, anterior to the round window 
niche in a 2roove on the promontory 
where it may be covered by mucosa 
only, or lie in a semicanal, or be com- 
pletely surrounded by bone. It re- 
ceives a reatively arge branch (the 
careticotympanic) from the internal 
caretid plezus and sends tendrils to 
middle ear mucosa, Eustachian tube, 
mastoid air cells, and a branch that 
enters an opening in the fenestra ves- 
tibuli and mins the greater petrosal 
nerve. Sensory branches are dis- 
tributed to the oval and round win- 
dow areas. There are no cochlear 
branches. The tympanic nerve then 
continues vertically until it reaches a 
small canal below the canal for the 
tensor tympani, anc, traversing this 
canal, contiaues as the lesser super- 
ficial petrosal nerve, receiving a 
branch from the geniculate ganglion. 
It reaches the anterior surface of the 
temporal bone throuzh a small open- 
ing lateral to the hiatus for the 
greater petrosal nerve. The lesser 
petresal nerve leaves the middle cra- 
nial fossa either through the foramen 
ovale or threugh a separate opening 
called the emissary sphenoidal fora- 
men. It ther joins the otie ganglion 
near the base of the skull medial to 
the mandibular division of the tri- 
geminal nerve. Preganglienic para- 
sympathetic ibers synapse with post- 
gangtionic fivers and leave the gan- 
glion to jom the euriculotemporal 
nerve where they are conducted to 
the parotid gland (Fig 1). Sympa- 
thetie fibers pass with the auriculo- 
temperal neme to supply blood ves- 
sels of the parotid gland. These fibers 
are said to arse in the superior cervi- 
eal ganglion and travel with the 
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Fig 1.—Automatic innervation of parotid gland. 


middle meningeal artery as post- 
ganglionic roots to the otic ganglion 
where they pass through and join the 
postganglionic parasympathetics in 
the auriculotemporal nerve. 


Physiologic Considerations 


In 1968, Wallenborn‘ reported the 
production of parotid atrophy in rab- 
bits following destruction of the 
tympanic plexus. Slight to moderate 
atrophy occurred as early as 5 weeks 
after neurectomy, and after 25 weeks, 
all glands removed showed moderate 
or marked atrophy with progressively 
more atrophy shown after 29 weeks. 
The atrophy consisted of reduction 
and eventual degeneration of all pa- 
rotid parenchyma with no cellular re- 
action in or around the parotid gland. 
This experiment demonstrated the 
validity of the theory that inter- 
rupting the parasympathetic innerva- 
tion to the parotid gland will result 
in cessation of function and atrophy. 
Wallenborn called for follow-up clini- 
cal research to confirm the effec- 
tiveness of this method as a modality 
of therapy in humans. 


Surgical Procedure 


The operative procedure in this 
series is a modification of the tech- 
nique proposed by Lempert: A 
tympanomeatal flap is elevated with 
use of a V-shaped incision extending 
from the 12 to 6 o’clock position with 
the apex pointed posteriorly, the 


limbs of the V meeting 3 mm poste- 


rior to the tympanic anulus (Fig 2). 
Elevation of this flap produces a short 
flap, with immediate visualization of 
the round-window area. Unlike sta- 
pedectomy, tympanic neurectomy re- 
quires no visualization of the incus 
or incudostapedial joint. When the 
plexus is visualized, the carot- 
icotympanic and all the named 
branches are identified, and the nerve 
is avulsed with a low-speed drill (Fig 
3). It is not necessary to raise a muco- 
sal flap, since mucosa, nerve fibers, 
and thin overlying bone are instantly 
destroyed. A biopsy specimen is usu- 
ally taken prior to avulsion. When all 
the branches and the main trunk are 
no longer present, the canal remnant 
is filled with bone wax applied on the 
tip of a spatula. The tympanomeatal 
flap is then replaced, an absorbable 
gelatin sponge is placed at the inci- 
sion site, and the external auditory 
canal is filled with antibiotic oint- 
ment. 


Report of Cases 


CaSE 1.—A 47-year-old woman had a pos- 
terior left superficial parotid lobectomy 
with gustatory sweating, pain, and flush- 
ing three months following surgery. A 
tympanic neurectomy was performed on 
June 18, 1971, and the patient has been 
asymptomatic since that time. A starch-io- 
dine test was positive. 

CASE 2.—A 54-year-old man had a poste- 
rior left superficial parotid lobectomy. Six 
months following surgery, he complained 


Intratympanic Correction/Friedman & Pomarico 367 








Fig 2.—Endomeatal incision for tympanic neurectomy. 


of profuse sweating while eating. A 
starch-iodine test was positive. A left 
tympanic neurectomy was performed on 
Sept 1, 1971. The patient has been asymp- 
tomatic with a negative starch-iodine test. 

CASE 3.—A 68-year-old woman had a 1- 
year history of a left parotid mass. A su- 
perficial parotid lobectomy was performed 
on Dec 22, 1970. Pathologic study showed a 
benign parotid cyst. Gustatory sweating 
and flushing occurred within two months 
of parotidectomy. A tympanic neurectomy 
was performed on April 11, 1972. No fur- 
ther flushing or gustatory sweating has oc- 
curred. A starch-iodine test was not per- 
formed. 

CASE 4.—A 27-year-old woman under- 
went a left superficial parotid lobectomy in 
May 1970, with excision of the Stensen 
duct for an intraductal papilloma. She de- 
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veloped gustatory sweating and flushing 
two months following surgery. A tympanic 
neurectomy was performed in August 
1972, with immediate good results. The pa- 
tient has remained asymptomatic nine 
months following surgery. No starch-io- 
dine test was performed. 


Comment 


The four cases reported in this 
communication represent only that 
sampling of our postparotidectomy 
population whose symptoms were dis- 
abling and refractory to conservative 
therapy. Other patients with post- 
parotidectomy sweating or flushing 
were either treated with anti- 
cholinergic drugs or did not require 
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Fig 3.—Tympanic neurectomy with low-speed drill. 


treatment. 

The value of tympanic neurectomy 
for this condition lies in the demon- 
strated good results following this 
procedure, its ease of performance, 
and the relatively minor nature of the 
surgery performed. The utilization of 
tympanic neurectomy for the treat- 
ment of Frey syndrome has not yet 
become widespread, despite previous 
reports by Golding-Wood,’ Hunt et 
al,’ Van Dishoeck, and others. This is 
probably unjustified, and it is hoped 
that this report will encourage sur- 
geons performing parotid gland sur- 
gery to utilize tympanic neurectomy 
when necessary. 


Report of a case treated by tympanic neu- 
rectomy. Arch Otolaryngol 83:260-265, 
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8. Van Dishoeck HAE: The auriculo- 
temporal or Krey ee and tympanic 
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Granulomatous Peritonitis 


Due to Coccidindes immitis 


Eng C. Saw, MD; Sam J. Shields, MD; Thomas P. Comer, MD; 
Robert W. Huntington, Jr., MD, Bakersfield, Calif 


Seven patients had granulomatous peri- 
tonitis due to Coccidicides immitis. Symp- 
toms varied from painless abdominal dis- 
tension to generalized abdominal tenderness 
with signs ef peritoneal irritaton, fever, 
anorexia, and vomiting. The diagnoses were 
made incidentally during the following oper- 
ations: hernicrrhaphy (one), abdominal para- 
centesis (one), laparoscopy and biopsy 
(one), and exploratory laparotomy (four). 
Spherules of C immitis were identified in 
histologic sections of biopsies and also in 
peritoneal fluid. Two of the seven patients 
died of generalized dissemination, the other 
five patients are well. Coccidioidal peritonitis 
is a rare complication of pulmonary coc- 
cidioidomycosis and is best treated nonsur- 
gically, symptomatically, or with amphoteri- 
cin B (Fungizone). 


lake ae peritonitis is a 
rare granulomatosis of the peri- 
toneum due to a mycotic infection, 
whieh is commonly believed to have 
its primary focus in the lungs. A 
broad spectrum of intraperitoneal re- 
action to tae fungus, ranging from 
asymptomatic ascites to acute peri- 
tonitis and frank ebscess, nas been 
observed. The clinieal picture is re- 
markably variable end is nct readily 
recognized in most instances. It may 
closely resemble an acute intra-ab- 
dominal sepsis or carcinomatosis with 
malignant ascites, end has often led 
to an unnecessary overation. The fol- 
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lowing report describes seven cases 
(Table) and some of the unusual 
manifestations of peritoneal coc- 
cidioidomycosis. A greater awareness 
of this clinical entity may avoid 
inappropriate operative intervention. 


Clinical Population 


Seven patients had proved coc- 
cidioidal peritonitis. Four patients 
were admitted to Kern General Hos- 
pital and three to two other commu- 
nity hospitals in Bakersfield, Calif, 
between the years 1947 and 1972. All 
conditions were diagnosed antemor- 
tem. Two patients had a protracted 
hospital course and died from gener- 
alized dissemination. Five patients 
recovered and remained well with a 
follow-up ranging from two months 
to ten years. There were four men 
and three women in an age range 
from 7 to 38 years; four patients were 
white and three were black. Three pa- 
tients had symptoms and signs of 
peritonitis; one had a tender posterior 
flank mass; one had a rapidly enlarg- 
ing, painful, inguinal hernia; one had 
intractable pelvic pain associated 
with an adnexal mass; and one had 
painless ascites. The average dura- 
tion of symptoms before admission 
was one week. The white blood cell 
count in the peripheral blood was 
within the normal range in four pa- 
tients, and elevated (> 11,000) in 
three. Eosinophilia was not a consist- 
ent finding. The ascitic fluid was bac- 
teriologically sterile in all cases and 
the protein content ranged from 4 gm 
to 8 gm/100 ml. Microscopic examina- 
tion of a wet mount of ascitic fluid re- 
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vealed spherules of Coccidioides im- 
mitis in two patients. C immitis grew 
from fungus cultures of four patients, 
and coccidioidin skin tests were nega- 
tive in all the patients. The comple- 
ment fixation titer was 4+ in a 1:32 
dilution in five patients. The peri- 
toneal cavity was found to be studded 
with multiple miliary coecidioidal 
nodules, and contained varying 
amounts of ascitic fluid in six cases. 
With the exception of one (case 7), 
none of the patients showed evidence 
of generalized dissemination at the 
time of admission. Diagnosis was 
made by laparotomy in five patients 
(three of whom were operated on for 
an acute condition within the abdo- 
men), and by laparoscopy and abdom- 
inal paracentesis in two patients. The 
diagnosis of coccidioidal peritonitis 
was confirmed by the pathological 
finding of a granuloma containing 
spherules of C immitis._in a biopsy 
specimen of the peritoneum or omen- 
tum in five cases, by the identi- 
fication of C immitis in the culture of 
aspirated pus in one case, and by the 
isolation of the fungus from a guinea 
pig inoculation in one case. 


Comment 


Although Rixford and Gilchrist’ de- 
scribed the first case of coccidioidal 
peritonitis in an autopsy report of a 
patient with generalized dissemina- 
tion in 1896, it was not until four 
years later that Ophiils and Moffitt’ 
proved that the invading organism 
was a fungus by growing it on culture 
media. Carini,’ in 1915, and Greaves,’ 
in 1934, reported autopsy evidence of 
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Clinical Summary of Seven Cases of Coccidioidal Peritonitis 


* Cocci indicates coccidioidin skin test. 


coccidioidal peritonitis as part of dis- 
seminated disease. Ruddock and 
Hope,’ in 1939, reported the first case 
of coccidioidal peritonitis in which the 
diagnosis was made antemortem by 
laparoscopy. In a review of 95 cases of 
disseminated coccidioidomycosis in 
1946, Forbus and Bestebreurtje re- 
ported three cases of peritonitis. 
Huntington et al,’ in 1967, recorded 
one case of C immitis involving the 
serosa of the small bowel in a ne- 
cropsy series of 142 cases of fatal coc- 
cidioidomycosis. Our own experience, 
one case of coccidioidal peritonitis in 
a review of 40 cases of disseminated 
coccidioidomycosis seen at Kern Gen- 
eral Hospital from 1965 to 1972, 
seems to indicate that peritonitis due 
to C immitis is a rare complication of 
disseminated pulmonary  coccidioi- 
domycosis. With the exception of one 
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patient (case 7) who had clinical and 
roentgenographic findings of bony in- 
volvement, all of the patients with 
coccidioidal peritonitis in this series 
showed no evidence of generalized 
dissemination. Crum,’ in 1959, was 
the first to report two cases of peri- 
toneal coccidioidomycosis without as- 
sociated disseminated disease. One 
had had an exploratory laparotomy 
for unexplained ascites, and in the 
other peritoneal coccidioidomycosis 
was an incidental finding at the time 
of a hernia repair. 

The cause of peritonitis is not fully 
understood, but it might be attrib- 
uted to a hematogenic spread from a 
concomitant pulmonary focus that 
may be subclinical and dormant in 
the vast majority of patients. 

The clinical manifestations of coc- 
cidioidal peritonitis are variable. Pa- 


Admitting 
Patient Diagnosis 
Age (yr), & Procedure Confirmation of Evidence of Clinical 
Race,& Presenting Associated & Peritoneal Laboratory Pulmonary Chemo- Course & 
Cases Sex Complaints Diseases Findings Coccidioidomycosis Data* Disease therapy Follow-Up 
1 34 Anorexia, - Perforated Exploratory laparotomy, Histologic WBC: 11,600 Pleural Ampho- Died of 
black fever, appendicitis, peritoneal nodules sections of CF: 1:128 effusion, tericin generalized 
man diarrhea, pleural & fluid excised omentum Skin tests: pneumonia B dissemina- 
abdominal effusion Cocci & PPD, tion 
pain (left side) negative 
2 30 Abdominal Malignant Exploratory laparotomy, Wet mount of WBC: 9,800 Right hilar Ampho- Well after 
white pain & ascites, cholecystojejunostomy, ascitic fluid, CF: 1:64 adenopathy tericin 12 mo 
man distension cholelithiasis peritoneal nodules histologic sections Skin tests: 
& fluid of excised Cocci & PPD, 
omentum negative 
3 38 Abdominal  Coccidioidal Abdominal Isolation of C WBC: 6,300 Pleural None Well after 
white pain peritonitis paracentesis immitis CF: 1:16 effusion 2mo 
woman from guinea pig Skin tests: 
inoculation Cocci & PPD, 
negative 
& 36 Painful, Right Herniorrhaphy, fluid, Growth of C immitis WBC:8,000 None Ampho- Well after 
white enlarging inguinal & granulomas on fungus culture, CF: 1:128 tericin 9yr 
man inguinal hernia on hernia sac histologic sections Skin tests: B 
hernia of excised Cocci & PPD, 
omentum & sac negative 
5 20 Intractable Endometriosis Total abdominal hyster- Wet mount fungus WBC: 13,800 None None Well after 
black pelvic pain & adnexal ectomy, bilateral culture, histologic CF: 1:16 10 yr 
woman mass salpingectomy, left sections of Skin tests: 
oophorectomy, left tissues Cocci & PPD, 
tube-ovarian abscess negative 
& peritoneal nodules 
6 16 Progressive Right Laparoscopy, Histologic sections WBC: 8,000 None None Well after 
white abdominal inguinal peritoneal of tissues CF: 1:256 2yr 
boy distension hernia nodules, & fluid of biopsy nodules Skin tests: 
Cocci & PPD, 
negative 
7 7 Abdominal Retroperitoneal Exploratory Fungus culture WBC: 26,000 Pleural None Died of 
black distension, abscess, laparotomy & of aspirated pus CF: 1:128 effusion, generalized 
boy fluctuant destruction drainage of pneumonia dissemina- 
lumbar of 4th abscess tion 
mass lumbar 
vertebra 


tients may have no symptoms other 
than progressive abdominal swelling 
due to ascites (case 6), or there may 
be profound systemic symptoms with 
chills, spiking fever, chest pain, ano- 
rexia, nausea, vomiting, weight loss, 
and diffuse abdominal tenderness 
suggestive of an intraperitoneal sep- 
sis (case 1). 

Abdominal roentgenograms often 
show evidence of adynamic ileus and 
occasionally demonstrate the pres- 
ence of intraperitoneal fluid. Pleural 
effusions may be present but evidence 
of active pulmonary disease is rather 
uncommon. Other serous membranes, 
including the pleura and pericardium, 
may be involved. Pleural effusions 
were demonstrated by chest roent- 
genograms in three patients (cases 1, 
2, and 7) and pericarditis character- 
ized by electrocardiogram and chest 
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Fig 1.—Spherule of C immitis in wet 
mourt of aspirated peritoneal exudates 
(original magnification x 450). 


Fig 2.—Perttoneal granuloma with sphe- 
rule of C immitis conzaining endospores 
(hematoxylin-eosin, original magnification 
x 450). 


roentgenogrephic changes in one pa- 
tient. Because of the rarity of this 
condition, the diagnosis is seldom 
considered preoperatively. Even at 
operation, the peritoneal seedings 
and inflammatory reaction ean be 


easily mistaken for tuberculous peri- | 


tonitis, or metastatic cancer. In only 
one of the seven patients im this 
series was the diagnosis correct- 
ly made on admission by abdominal 
paracentesis. The diagnosis can be 
confirmed microscopicelly by the find- 
ing of spherues of C emmitis on wet 
mounts of asctic fluid (Fig 1), by the 
growth of the fungus ia culture, or by 
histologic sections of biopsy speci- 


- mens that shew granulomas with gi- 


ant eells containing spherules of C 
immitts (Fig 2 and 3). 

We believe that the diagnosis can 
frequently be made by abdcminal 
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Fig 3.—Histologic section of omentum 
(case 1). Top, Granuloma with giant cell 
containing spherule of C immitis (hema- 
toxylin-eosin, original magnification x 100). 
Bottom, Spherule of C immitis with distinct 
endospores (hematoxylin-eosin, original 
magnification X 1,000). 
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paracentesis followed by careful mi- 
croscopic examination and culture of 
the ascitic fluid as was done in case 3. 
Laparoscopy with biopsy of the peri- 
toneum and omentum provides a val- 
uable adjunct to diagnosis and was 
performed in case 6. Percutaneous 
peritoneal biopsy, although not used 
in this series, remains a useful possi- 
bility for the future. Except in the 
case of a localized abscess, operation 
is not indicated and serves no useful 
therapeutic purpose other than to 
make the proper diagnosis. 

The findings at operation may 
closely resemble those seen in starch 
or tuberculous peritonitis, and consist 
of multiple, fine granulomatous nod- 
ules scattered over the peritoneal sur- 
faces and omentum. Adhesions and a 
varying amount of peritoneal fluid 
are usually present. Loculated ab- 
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scesses, particularly in the region of 
the psoas muscle and pelvis are rarely 
found. 

Coccidioidal peritonitis is usually 
self-limited and by no means uni- 
formly fatal as suggested in previ- 
ously reported cases.'** Treatment 
should, therefore, be symptomatic in 
the majority of cases. A regimen of 
amphotericin B (Fungizone) is indi- 
cated in patients with peritonitis, evi- 
dence of associated, disseminated in- 
fection, and in those with a rising or 
persistently high serologic comple- 
ment-fixation titer (1:32 or greater). 

Since submission of this paper, a 
25-year-old black woman was ad- 
mitted to Kern General Hospital on 


Sept 17, 1973, with a two-day history 


of fever, chills, and a gradually en- 
larging, painful pelvic mass. Lap- 
arotomy disclosed matted omentum 
and bowel in the pelvis, with miliary 
nodules scattered over the entire 
parietal and visceral peritoneum. 
Omental and peritoneal biopsies 
showed granulomatous inflammation, 
with many giant cells containing 
spherules of C immitis. 


Hans Einstein, MD, provided the material for 
cases 2 and 4. 
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breaking new ground 


to get more health care 
down on the farm 





27th National Conference on Rural Health 


Sponsored by AMA Council on Rural Health 
The Detroit Hilton/Detroit, Michigan 
April 25-26, 1974 


The purpose of the conference is to explore new 
methods of meeting the health care needs of rural 
America. As a participant, you'll hear and dis- 
cuss the latest developments in: Developing a 
National Health Strategy, the Rural Health Medi- 
cal Center, Extending the Role of the Nurse, 
Rural Emergency Medical Services, Rural Health 
Education and many more. This program is ac- 
ceptable for 10 prescribed hours by the AAFP. 

Plan now to attend what promises to be an out- 
Standing conference. Just use the coupon to reg- 
ister now. 
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Please register me for the 1974 National Con- 
ference on Rural Health, Detroit Hilton Hotel, 
Detroit, Michigan. Enclosed is a $25 Registra- 
tion Fee which includes the Conference lun- 
cheon, reception and a cassette tape of the Con- 
ference highlights. 


Return to: Dept. of Rural Health, American 
Medical Association, 535 N. Dearborn St., 
Chicago, Illinois 60610 
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Clinical Notes 


Recovery From Complete Heart Block 


Following Aortic Valve Replacement 


Brojesh C. Fakrashi, MB, BS, MRCP; David A. S. Mary, MB, ChB, MRCP; 
Jose B. Garda, MD; Marian I. Jonescu, MD, FACS, Leeds, England 


in a case of calcific aortic stenosis with 
complete heart block, normal sinus rhythm 
returned follawing aortic valve replacement. 
A search in the literature reveals two such 
previous reports. It is suggested that com- 
plete heart bock in association with aortic 
stenosis may be reversible and should be 
considered an early indication for aortic 
valve surgery 


énninger and Monkeberg in 1908 

were the first to make definitive 
studies on the association of complete 
heart bloek and aortic stenosis.’ Cor- 
relation of ealcific arotic stenosis and 
complete heart block has since been 
established by clinical and patholog- 
ical studies of Yater and Cornell, 
Boas, Warshawsky and Abramson,” 
and Cobbs. The incidence of aortic 
valve diseas in complete heart block 
has been nated to be in the range of 
4% to 7% by different observers, ei- 
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ther as an isolated lesion or with asso- 
ciated mitral valve involvement.*” 
Complete heart block, on the other 
hand, has been noted in 2% of cases of 
aortic stenosis." 

Although the course of complete 
heart block is usually chronic and pro- 
gressive, spontaneous reversion to 
sinus rhythm has been observed in 
congenital? as well as in acquired, 
nonsurgical heart block.'® The path- 
ophysiological processes involved in 
these cases remain obscure. However, 
such instances highlight the interplay 
of functional and structural factors in 
the development of complete heart 
block as a clinical entity. 

The present report concerns a pa- 
tient with calcific aortic stenosis and 
complete heart block in whom normal 
sinus rhythm was restored following 
aortic valve replacement. To our 
knowledge, there have been only two 
such previous reports.*"! 


Report of a Case 


A 50-year-old man with no history of 
previous illness was admitted to the hospi- 
tal with the complaint of having recurrent 


attacks of syncope and epileptoid convul- 
sions for two weeks. He had no other asso- 
ciated symptoms. 

Examination findings disclosed irregu- 
lar, giant a waves in the jugular venous 
pulsation. The pulse rate ranged between 
28 to 40 beats per minute. The blood pres- 
sure measured 110/75 mm Hg. The carotid 
pulse was slow in rising. The apex beat 
was not displaced, and there was no left 
ventricular heave. There was a systolic 
thrill over the aortic area. The first sound 
was of variable intensity. The aortic com- 
ponent of the second sound was quiet. In 
the aortic area, there was a harsh, grade 
3/6 ejection systolic murmur conducted to 
the carotid arteries. Fluoroscopy with im- 
age intensifier showed heavy calcification 
of the aortic valve. The cardiothoracic ratio 
was 50%. The initial electrocardiogram 
showed atrioventricular block of varying 
degree and intermittent complete heart 
block that later became established (Fig- 
ure, left). The QRS duration was 0.08 sec- 
onds and remained unchanged. There was 
evidence of left ventricular hypertrophy on 
voltage criteria (SV, + RV, = 36 mm) on 
the ECG; ST-T changes were, however, ab- 
sent. Substantial calcific aortic valve ste- 
nosis in addition to complete heart block 
was diagnosed on the basis of clinical fea- 
tures and radiological and electrocardio- 
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Preoperative electrocardiogram (left) showing complete heart block, atrial rate 115 
beats per minute, ventricular rate 64 beats per minute, with the QRS duration of 0.08 
seconds. Electrocardiogram recorded six days postoperatively (center) showing sinus 
rhythm and acute, anterior myocardial infarction. Electrocardiogram recorded nine 
months postoperatively (right) showing continued maintenance of sinus rhythm. 


graphic changes. Aortic valve replacement 
was recommended. 

The heart rate was maintained approxi- 
mately at 56 to 70 beats per minute on a 
regimen of a sustained-release isoprotere- 
nol hydrochloride (Saventrine), 60 mg 
given orally at intervals of four to six 
hours, until temporary, pervenous endocar- 
dial pacing was established on the day be- 
fore aortic valve replacement, which was 
performed a month after the onset of ini- 
tial symptoms. 

Operative Procedure and Findings.—The 
aortic valve was bicuspid and heavily calci- 
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fied, with calcium extending through the 
annulus into the septum. The central open- 
ing of the valve measured 104 mm. The 
entire valve was removed and calcium 
extracted from the annulus and septum. 
A  glutaraldehyde-preserved, frame- 
mounted, calf pericardial graft, 20-mm in- 
ternal diameter, was sutured to the aortic 
annulus.” Left coronary perfusion was 
used throughout the open-heart procedure. 
Five temporary epicardial pacemaker elec- 
trodes were inserted as a routine proce- 
dure (two sinoatrial, two right ventricular, 
and one different). Due to the presence of 


preoperative complete heart block, a per- 
manent pacemaker electrode was attached 
to the surface of the left ventricle and its 
free end buried under the abdominal skin 
for possible future use. 

Postoperative Follow-Up.—Complete 
heart block persisted with a heart rate be- 
tween 33 to 38 beats per minute, and ven- 
tricular pacing had to be maintained. On 
the sixth postoperative day, while pacing 
was discontinued, the ECG disclosed nor- 
mal sinus rhythm with a P-R interval of 
0.18 seconds, and the pattern of anterolat- 
eral myocardial infarction became evident 
(Figure, center). The patient continued to 
maintain normal sinus rhythm with no fur- 
ther recurrence of the conduction defect. 

In the subsequent follow-up during the 
ensuing nine months, clinical and electro- 
cardiographic examination findings have 
repeatedly confirmed maintenance of nor- 
mal sinus rhythm (Figure, right). 


Comment 


As the facilities for aortic valve 
surgery have become more readily 
available in recent years, the neces- 
sity for an accurate diagnosis of aor- 
tic valve disease has assumed greater 
importance. Diagnostic problems in 
the recognition of aortic stenosis in 
the presence of complete heart block 
arise because both conditions share 
some common clinical characteristics, 
such as syncopal attacks, an ejection 
systolic murmur, and cardiac enlarge- 
ment.****:* 

The diagnosis of substantial aortic 
stenosis was nevertheless possible in 
the present case on the basis of low 
pulse pressure, slowly rising carotid 
pulse, basal systolic thrill, quiet aortic 
component of the second sound, and 
heavy calcification of the aortic valve 
shown on fluoroscopic examination. 
Demonstration of systolic gradient 
across the aortic valve by cardiac 
catheterization was not considered 
essential in the present case. 

The development of complete heart 
block in calcific aortic stenosis has 
been attributed to the extension of 
calcium from the aortic valve and 
ring to the interventricular septum 
and the consequent interruption of 
the conducting tissue.** However, or- 
ganic interference with calcium can- 
not always be demonstrated.'* Obser- 
vation by Boas’ on the appearance of 
transient heart block in association 
with angina during exertion implied 
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functional coronary insufhciency as 
an etiological factor, and Mahaim" 
supported this concept. Extensive his- 
tological ssudies by Lenègra, on the 
other hand, have revealed striking 
negative correlation of complete 
heart blecx and coronary artery dis- 
ease. Friedberg et al’ suggested pro- 
longed mechanical stress with injury 
and fibros of the eonducting system 
as the pachological factor involved. 
Lev“ expressed a similar view cor- 
roborating the concept of fibrosis of 
conducting tissue due to wear and 
tear as orizinally propounded by Ya- 
tersand Gornell.' Lev“ suggested that 
it is due to “either pull of the left ven- 
tricular myocardium on its crigin and 
insertion, the pull cf the aorta on its 
origin, or tne pull o? the closed mitral 
and aortic valves on their origins” 
and also that the wear and tear ef- 
fects are aecentuated by a high intra- 
ventricular pressure and a ccnsequent 
greater pul on the left side of the 
cardiac skeeton. Therefore, it is con- 
ceivable that aortic stenosis provides 
the necessery stress facters involved 
in the production cf complete heart 
block. 

The type and degree of heart block, 
however, very from time to time, and 
structural interruption of the con- 
ducting system camnot be eomplete, 
at least in ‘he initial stages.’ 

It is unl kely thet surgical inter- 
vention faclitates conducticn of im- 
pulse through the undamaged part of 
the conduet ng system by altering the 
adverse influences responsible for the 
heart block Debridement of the cal- 
cific deposits from the region of aor- 
tic ring ane interventricular septum 
may relieve pressure on the conduct- 
ing tissue while correction of aor- 
tic stenosis would enhance coronary 
blood flow, reduce intraventricular 
pressure, aad minimize mechanical 
stress on the interventricular septum. 

It is not possible to anticipate as 
yet the prognosis of a given type of 
heart block following aortic valve 
surgery. In the case reported here, 
however, the heart block was inter- 
mittent in the initial stages indicat- 
ing that the structural damage to the 
conducting system was not irrevers- 
ible. Also, tae normal QRS duration 
in the ECG implied that the site of 
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the conduction defect was above the 
bifurcation of the bundle of His, and 
the lesion was probably localized in 
nature, It is of interest to note that, 
in both of the two other similar cases 
reported, the heart block was inter- 
mittent*'', and, in the ECG presented 
by Mahaim,'' the site of the block was 
also above the bifurcation of bundle 
branches. Lesions in the bundle 
branches causing complete heart 
block are likely to be more extensive 
and carry a less favorable prognosis. 
The acute, anterior myocardial in- 
farction noted postoperatively in our 
patient appeared to be coincidental. 
Any detrimental influence on the 
atrioventricular conducting tissue 
was unlikely, as the blood supply is 
derived through the right coronary 
artery and is commonly affected in 
posterior infarcts.'* 

Reversibility of complete heart 
block following aortic valve surgery is 
an infrequent though salutary out- 
come in an otherwise chronic and pro- 
gressive condition. From the observa- 
tions on these cases, the point 
emerges that the occurrence of heart 
block in cases with aortic stenosis 
should be considered an early indica- 
tion for aortic valve surgery. 
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Editorial Comment 


Pakrashi et al have observed an instance 
of recovery from complete heart block fol- 
lowing aortic valve replacement for calcific 
aortic stenosis in a 50-year-old man. This, 
of course, is diametrically opposed to the 
more commonly noted development of heart 
block after aortic valve substitution. Un- 
loading the left ventricle is almost cer- 
tainly the mechanism for the authors’ (and 
patient’s) good fortune. Removal of calcific 
debris will not do it, neither will use of a 
modified tissue valve. It is interesting that 
the authors did not obtain a pressure 
gradient across the congenitally deformed 
calcified valve. Many cases of aortic ste- 
nosis are so clear-cut that preliminary 
catheter study is waived. As a matter of 
fact, in the patient with extremely tight 
aortic valve stenosis, a substantial compli- 
cation rate attends left ventricle catheter- 
ization and simultaneous coronary arteri- 
ography, which is often indicated by virtue 
of the preoperative symptom of angina. In 
aortic stenosis, however, angina pectoris 
does not have the connotation of almost 
certain coronary artery disease. Fully 50% 
of patients with serious aortic stenosis will 
complain of angina. An excellent result 
was obtained in this case, and there is 
probably little reason to suspect that heart 
block will recur as long as the valve re- 
placement functions satisfactorily. 

Norman E. SHUMWAY, MD 
Stanford, Calif 
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Development of Carcinoma 


in Regional Enteritis 


A patient with a history of malignant de- 
generation in an area of regional enteritis re- 
quired a right colectomy for partial obstruc- 
tion and exacerbation of infection ten years 
after the onset of regional ileitis, which was 
treated medically in the interim. Carcinoma 
of the ileum was found and the involved seg- 
ment was studied pathologically. The patient 
developed metastases and died one year 
later. 

Twenty-six cases of carcinoma in regional 


ince the original description of 
regional enteritis by Crohn et 

al in 1932, a variety of complications 
have been frequently noted in this 
disease.’ The development of carci- 
noma in regional enteritis was unre- 
ported in the medical literature until 
Ginzburg et al’ described the first 
case of adenocarcinoma complicating 
regional enteritis in 1956. Since his 
report, 26 cases of regional enter- 
itis and the development of compli- 
cating adenocarcinoma have been de- 
scribed.*° We also have encountered 
a case of adenocarcinoma of the ter- 
minal part of the ileum complicating 
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ileitis have been reported in the literature 
since 1956. Five-year survivals of 3.7% and 
an average survival of 6.56 months reveal an 
extremely poor prognosis. Only 14% of the 
conditions were diagnosed preoperatively or 
intraoperatively. More than 80% of the diag- 
noses were made postoperatively or at au- 
topsy. It is concluded that any rapid de- 
terioration or anemia in a patient with satis- 
factory, controlled regional enteritis should 
arouse suspicion of a malignant neoplasm. 


regional enteritis that warrants re- 
porting. 


Report of a Case 


A 47-year-old black man’s medical his- 
tory dates back to 1961 when he was ad- 
mitted to Kaiser Hospital, Oakland, Calif, 
with symptoms of diarrhea and anemia. 
Results of a barium study were consistent 
with the diagnosis of ileitis. He was read- 
mitted in 1961 for pain in the left knee that 
was diagnosed as rheumatoid arthritis. In 
1962, the patient underwent incision and 
drainage for ischiorectal abscess. He 
received treatment intermittently with 
prednisone, salicylazosulfapyridine (Azul- 
fidine) and methscopolamine (Pamine) 
bromide with phenobarbital, and his 
symptoms of regional enteritis were well 
controlled until 1968. 

The patient was admitted for the first 
time to Martinez Veterans Administration 
Hospital in September 1968, with symp- 
toms of increasing diarrhea and a 13.6-kg 
(30-lb) weight loss during a three-month 
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Fig 1.—Upper gastrointestinal tract x-ray 
film showing “string sign” (arnows) compat- 
ible with diagnosis of regional enteritis. 


period. Results of an ipper-gastrointesti- 
nal tract X-ray film series were inter- 
preted to be compatib-e with regional en- 
teritis (Fig I). Results of a barium enema 
examination at this time were ncermal. The 
patient was placed on a regimen of sali- 
cylazosulfapyridine, and the diarrhea was 
controlled. He was reacmitted in May 1970 
with recurrence of frequent stools and a 
11.3-kg (25-b) weight bss in four months, 
and responded well to the resumption of 
salicylazosuifapyridine treatmenz. The pa- 
tient-was again admitted on July 12, 1971, 
with another exacerbation of six day’s du- 
ration. For ‘he first tine, the patient com- 
plained of abdominal pain in the right 
lower quadrant associeted with vomiting 
and abdominal distention. 

The patient was excremely emaciated 
and had moderate abdominal distention 
with rigidity and tenderness in the right 
lower quadrant. His bowel sounds were di- 
minished and the rectal examinetion was 
extremely painful. Abdominal roentgen- 
ograms were considerec to support an ad- 
mission diagnosis of small bowel obstruc- 
tien. Results of an emergency barium 
enema study ruled out lerge bowel obstruc- 
tion and showed findings in the proximal 
part ef the colon that suggested trans- 
mural colitis. The patient was treeted with 
long-tube suction and mtravenous fluids, 
but his condition did not show :mprove- 
ment. 

Sigmoidoseopy and exploratcry lap- 
arotomy were performed with the patient 
under general anesthesia. The findings of 
sigmoidoscopy were normal up to 12 cm 
(4.7 inches), and the abdcminal exploration 
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Fig 2.—X-ray film after barium enema 
shows constricting deformities of colon. 


showed distended loops of small bowel. The 
terminal 22.8 cm (9 inches) of the ileum 
were extremely rigid, thickened, and ad- 
herent in the right lower quadrant, sealing 
off a small 0.5-cm perforation located in 
the terminal part of the ileum. The fatty 
tissues were edematous and there were 
large lymph nodes in the mesentery, mea- 
suring up to 3 cm (1.2 inches) in diameter. 
Results of the remainder of the abdominal 
exploration were normal. A right hemi- 
colectomy with resection of the involved 
ileum was performed. A frozen section of 
the proximal ileal resection line was exam- 
ined to establish its noninvolvement with 
regional enteritis. A frozen section, how- 
ever, was not obtained from the tissue of 
the rigid terminal part of the ileum. Post- 
operatively, the liver scan was normal. The 
patient was followed up in the surgical out- 
patient clinic and received symptomatic 
treatment. 

He was readmitted and an abdominal 
exploration was performed on Jan 18, 1972, 
for constricting deformities found in the 
colon after a follow-up barium enema ex- 
amination (Fig 2). A liver scan was nor- 
mal. Operative findings included multiple 
implants of carcinoma on the peritoneum, 
mesentery, and intestines. The liver was 
free of any palpable metastasis. A biopsy 
of one of the implants was performed, and 
the abdomen was closed. Postoperatively, 
the patient was treated with fluorouracil 
and was followed up in the surgical out- 
patient clinic. 

The patient was readmitted for a short 
time in May 1972 with pneumonitis involv- 
ing the lower lobe of the right lung. His 
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condition improved following treatment 
with antibiotics. The patient was read- 
mitted in June 1972 in a terminal state and 
died in August. 


Pathologic Findings 


Gross Findings.—The specimen con- 
sisted of 55 em (21.6 inches) of ileum, 
appendix, and cecum, and 25 em (9.8 
inches) of ascending colon. Grossly, 
the ileum showed ulceration, pseu- 
dopolyps, and narrowing, with a small 
perforation 5 cm (1.9 inches) above 
the ileocecal valve (Fig 3). The cecum 
and colon were slightly distended and 
the colon wall was edematous. There 
were numerous ulcers, sharply margi- 
nated, the largest one measuring 1.0 
x 0.8 x 0.4 cm (.4 X .3 x .1 inches). 

Microscopical Findings.—In addition 
to findings characteristic of regional 
enteritis, sections from the terminal 
part of the ileum showed malignant 
transition from benign mucosal épi- 
thelium, forming a mucinous adeno- 
carcinoma consisting of groups of 
small acini and mucin lakes (Fig 4). 
The acinar cells were cuboidal or oval, 
and the cytoplasm contained fine, 
foamy, mucinous secretions. The 
nuclei were eccentric and hyper- 
chromatic (Fig 5). The tumor had 
infiltrated to the serosa, and the 
previously mentioned perforation was 


Fig 3.—Portion of ileum, cecum, and co- 
lon. Note mural thickening, narrowing, and 
perforation of ileum, and ulcerative condi- 
tion of colonic mucosa (arrow). 
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involved by the tumor. The ileocecal 
valve was diffusely infiltrated by the 
tumor, but the cecum per se was not. 
Sections of appendix were unremark- 
able, except for a few metastatic tu- 
mor glands in the mesoappendix. 

The serosa of all portions of the 
specimen showed diffuse, acute peri- 
tonitis, and eight out of 40 lymph 
nodes revealed metastatic tumor. 

Autopsy findings included bron- 
chopneumonia in the lower lobe of the 
right lung and metastases of tumor 
to the ileum, transverse colon, sig- 
moid, and mediastinal and abdominal 
lymph nodes. 


Comment 


Primary carcinoma of the small in- 
testine is uncommon and is observed 
in only 1.2% to 3% of all gastrointesti- 
nal malignant neoplasms.*'* The in- 
cidence of carcinoma in the small in- 
testine has been observed in 0.098% of 
127,174 autopsies,” while carcinoma 
complicating regional enteritis has 
been reported in 0.08%.” Since the de- 
scription of adenocarcinoma compli- 
cating regional enteritis reported by 
Ginzburg et al in 1956, there have 
been a total of 26 cases reported 
where regional enteritis is compli- 
cated by development of carcinoma. 
To our knowledge, this case is the 


Fig 4.—lleum, showing margin between 
chronic inflammation and carcinoma. Note 
considerable mucinous degeneration and 
remnants of carcinomatous epithelium in 
mucinous lakes (hematoxylin-eosin, X 100). 
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27th in this series. Our patient’s con- 
dition had been diagnosed and he was 
treated for regional enteritis ten 
years prior to the development of 
acute intestinal obstruction. 

A summary of the reported cases in 
the literature is given in the Table. A 
comparison is also made between pri- 
mary carcinoma of the small intestine 
and carcinoma arising in a segment 
previously diagnosed as showing re- 
gional enteritis. The comparison be- 
tween primary small bowel carcinoma 
and small bowel carcinoma complicat- 
ing regional enteritis of the small in- 
testine discloses that the incidence in 
men and women is essentially the 
same, but the average age distribu- 
tion and relative diagnosis for sus- 
pected neoplasm show certain differ- 
ences. One large series™ suggests 
that the location of occurrence of pri- 
mary carcinoma in the small intestine 
is slightly more common in the duode- 
num than in the ileum, while the re- 
verse is true for carcinoma complicat- 
ing regional enteritis (Table). It 
should be noted that a second large 
series did not support this conten- 
tion.” 

The information given in the Table 
also suggests that the inflammatory 
process of regional enteritis may per- 
haps play a part in the development 


of carcinoma, since the neoplasm de- 
veloped in these patients ten years 
earlier than in those without regional 
enteritis. In addition, the diagnosis 
of regional enteritis had been estab- 
lished an average of 14 years prior 
to the development of the malignant 
complication. Such a complication was 
marked by physical deterioration, 
anemia, and ileal obstruction in the 
majority of patients. In only 7% of 
the reported 27 cases was the diag- 
nosis of neoplasm suspected preop- 
eratively.°*° Indeed, in only an 
additional 7% (two cases) was the 
diagnosis suspected during the time 
of surgery. These two patients under- 
went resection for regional enteritis 
that was followed by the development 
of a mass in the right side of the ab- 
domen, thereby allowing the suspi- 
cion of malignant neoplasm prior to 
the second operation. In most of the 
patients, a diagnosis was made post- 
operatively (72%). The survival of pa- 
tients with regional enteritis compli- 
cated by neoplasm in the area of 
previous involvement is uniformly 
bad. No doubt this is because the phy- 
sician has a false sense of security be- 
cause of the rarity of the complication 
and the many years that may tran- 
spire before such a development does 
occur. Certainly the diagnosis of such 


Fig 5.—Infiltration of mucinous carcinoma through muscular layers (hematoxylin-eosin, 


x 450). 
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Comparison of Carcinoma Studies* 


Carcinoma Complicating 


Regional Enteritis 
(Summary of Cases) 


Average age, yr 44 


Sex 


Female 
Unknewn 
Average duration of symptoms 
prior to carcinoma diagnos s 
Diagnosis established, % 


Prognosis 
5-yr survival, % 
Average length of 
survival, mo 


* Figures in parentheses are percentages. 


14.07 yr 


Primary Carcinoma 
of Small Intestine24.25 


55 


Male 17 (63) (66) 
9 (33) (33) 
1 (4) ae 


8 mo 


40 (20-50) 
40 


20 


197 (24.5)T 
280 (34.8)t 
328 (40.7)t 
20-22 
30 





t Results of a combination of cases by Bockus™ and Rochlin and Longmire.” 


a complication was not considered in 
our case until permanent sections 
were examined. 

With advanced carcinomatous dis- 
ease, even radical resection is unlikely 
to be curative. Only one report pre- 
sented a case in which no evidence of 
metastasis oceurred ten years after 
ileocolectomy (written communica- 
tion from P. E. Lear, MD, November 
1971). 


Nonproprietary Name 
and Trademarks of Drug 


Fluorouracil—Zfudex, Fluoreplez. 


William B. Dublin, MD, assisted and advised 
im the preparation of this report. 
Hal Strong prepared the photographs. 
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Editorial Comment 


Until 20 years ago, it was thought that 
regional ileitis was almost immune to ma- 
lignant degeneration. The present case 
and about two dozen previously reported 
have required us to change our attitude. In 
regional ileitis, as in ulcerative colitis, the 
cure rate once cancer is clinically estab- 
lished is very low indeed. As in ulcerative 
colitis, therefore, we must introduce the 
danger of malignant change as one of the 
indications for operation in patients with 
small intestine granuloma. Since the price 
of resection does not, in this instance, in- 
volve an abdominal stoma, early operation 
is easier to decide on than in ulcerative 
colitis. 

RICHARD WARREN, MD 
Boston 
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Technique 





Vascular Anastomosis Bow 


An Aid for Coronary Artery Bypass 


and Other Vascular Operations 


Yoshio Sako, MD, Minneapolis 


A simple, lightweight, inexpensive, easy- 
to-construct, vascular suture bow will main- 
tain a preset, self-centering tension on the 
vessel wall or the vessels being anasto- 
mosed, even on a beating heart, a feat that 
cannot be duplicated by an assistant. 
Though designed for coronary artery sur- 
gery, the bow is useful for all anastomotic 
procedures, such as in organ transplant or 
peripheral arterial reconstructive surgery. 


P the current method of coro- 
nary artery vein bypass proce- 
dure, the vascular anastomosis is 
made with either interrupted sutures, 
a continuous suture, or with a combi- 
nation of both methods, such as by 
placement of three or four inter- 


rupted sutures at each end of the ar- 
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teriotomy and with the intervening 
segment approximated with a contin- 
uous suture. If most of the anasto- 
mosis is made with the running su- 
ture, the precise suture placement is 
facilitated by a slight traction at the 
midpoint of the approximated vein 
and artery. An adept assistant can 
provide the proper maneuver, but 
such assistance may be difficult to at- 
tain if the bypass is made to the coro- 
nary artery while the heart is beat- 
ing. 

The simple suture bow described 
here has many advantages for those 
who make a running suture or simply 
for separating the edges of the arte- 
riotomy for those who preplace su- 
tures for interrupted suture anasto- 
mosis. The amount of tension may be 
adjusted precisely, is always self-cen- 
tered, and the action of the heartbeat 
will not alter it. Constant tension to 
hold the vessel open will also elimi- 
nate the need to repeatedly pick up 


the vessel edges with forceps, thus 


_ minimizing the likelihood of vessel in- 


jury. 

A 4-cm bow, constructed as shown 
in Fig 1, weighs only 3 gm, but can 
sustain a constant tension of 50 to 100 
gm depending on suture size, whether 
it is a monofilament or braided su- 
ture, and the depth of the passage of 
the suture through the rubber. In any 
event, the constant tension available 
is far in excess of what one would 
want even though the suture is 
passed simply through the rubber and 
held only by friction. The bow may be 
used simply to maintain a constant 
gap in the incised coronary artery or 
to have the suture passed through the 
vein and artery and held apart as 
shown in Fig 1. The bow can be 
flipped over 180°. 

The bow is made of No. 22-gauge 
stainless steel wire, and the rubber is 
cut from a latex amber tubing of 0.64 
cm in diameter (Fig 2). Other forms 
of rubber, such as bits of catheter, 
elastic rubber bands, and other 
molded rubber were sampled, but the 
amber gum rubber appeared to serve 
the purpose best. The size of the bow 
can vary according to the operator’s 
own needs. If more springiness of the 
bow is desired, a No. 24-gauge or No. 
26-gauge stainless steel spring wire 
may be used. The lightweight feature 
of the bow is desirable because there 
is no unwanted traction or distortion 
with change in position of the bow. 








Fig 1.—Bow in place holding coronary artery vein anasto- 
mosis. Suture can be double or single, tied or untied at anasto- 
motic site. If untied, vein can be lifted up to inspect vessel edges. 
If more tension is needed, suture is simply pulled further 
through rubber. Bow may be used to hold apart only coronary ar- 
tery incision, and tension is always self-centering. 


Fig 2.—Bow is made of No. 33-gauge stainless steel wire, the 
rubber from pieces of 0.64-cm amber tube. A 4-cm bow weighs 
only 3 gm, but a 6-0 and 7-0 suture passed through rubber will 
sustain 50 to 100 gm of tension without slipping. 
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Letters to the Editor 


Gastric Hypersecretion and 
Pancreatic Exocrine Deficiency 


Tə the Editor.—I have been follow- 
ing with interest the correspondence 
in the ArcHIves between Dr. Silen 
(106:239, 1973) and Dr. Basso et al 
(106364, 2973), following their paper 
on the mechanism of gastric hyper- 
secretion in pancreatic exocrine defi- 
cieney (105:611-614, 1972). Recent 
studies in our laboratory suggest an- 
other possible explanation for their 
findings. Using a radioimmunoassay 
for chelecystokinin-pancreozy min 
(CCK-PZ), we have shown that pan- 
creatic exocrine deficiency in man is 
associated with very high fasting lev- 
els of CCK-PZ in the serum, perhaps 
as a result of failure of the normal 
feedback inhibition of CCK-PZ secre- 
tion by a factor in pancreatic juice. 
Cholecystokinin-pancreozymin is 
structurally identical with gastrin in 
the C-terminal pentapeptide amide 
sequence, and therefore shows cross- 
reaction in gastrin immunoassay sys- 
tems that employ antibodies directed 
toward this portion of the gastrin 
molecule. Basso and colleagues give 
no details of the antibody used in 
their gastrin assay, but if it is the 
same or similar to the antibody char- 
acterized earlier by McGuigan,’ this 
was directed at the C-terminal end of 
the gastrin molecule, and showed 
cross-reaction with pentagastrin and 
equally with CCK-PZ. each of these 
having a melar poteney in the assay 
system of 0.07.‘ This figure means, for 
example, that a concentration of 1 
ng/ml of CCK-PZ in serum would be 
“read” by the gastrin assay as ap- 
proximately 35yyg/ml of gastrin 


0.07 MW gastrin 
1 ~~ Mw CcK-Pz 


assuming that the canine hormones 
show the same degree of cross-reac- 
tivity with the antibody as was shown 
by the spedes originally tested.” 
Thus, if dogs with pancreatic execrine 


x 1000 
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deficiency have raised CCK-PZ levels, 
as found in man, this might be suffi- 
cient to account for the apparently 
raised gastrin levels found by Basso 
et al. It may even be that the gastric 
hypersecretion in pancreatic exocrine 
deficiency results directly from high 
levels of CCK-PZ, as this hormone 
stimulates gastric acid secretion 
under some circumstances, though 
species differences and the inter- 
relationship with the effect of endog- 
enous gastrin make it hard to inter- 
pret the results of different studies.” * 
R. F. Harvey, MD, MRCP 
Bristol, England 
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A Technique for the Prevention 
of Hepatic Duct Disruption 
Caused by the Use of the 

Fogarty Biliary Catheter 


To the Editor.—Recently, several 
articles have appeared in the litera- 
ture concerning the complications of 
the Fogarty balloon catheter in the 
exploration of the common and he- 
patic ducts.'* We, also, have had the 
same experience of disrupting the 
smaller hepatic ducts and creating 
biliary lakes. As others have dis- 
covered, these lakes will disappear 
with time, but we feel that we have 
devised a way of continuing the use 
of the Fogarty catheter without com- 
plication. 

The inherent variables common to 
all balloons are what cause the disrup- 
tions. These are due to the mode in 
which they are made by the dipping 
process that creates unequal thick- 
ness. Each time the balloon is opened, 
it requires a different pressure. The 
lack of graduation in size causes the 
balloon to open suddenly. Thus, it be- 
comes difficult to ascertain the re- 


quired opening pressure. 

Our technique enables us to inflate 
the balloon slowly. At the same time, 
the surgeon is given an indication of 
whether it is the opening pressure re- 
sistance he feels on the syringe or the 
pressure of the opening balloon on 
the intrahepatic ducts. 

Since the total capacity of the bal- 


loon on the Fogarty catheter is 1 ml, 


we have found that a tuberculin sy- 
ringe filled with normal saline is the 
best way of inflating it. The surgeon 
injects the saline slowly, at the same 
time observing the amount required 
to achieve the different sizes. The 
catheter is then inserted into the 
common duct, and the exploration of 
the hepatic radicles is performed in 
the usual manner but with safe con- 
trol of balloon size. Since we have 
been using this method, we have not 
had any hepatic duct disruption. 
JOHN L. ButscuH, MD 
Buffalo, NY 
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Certification in 
Vascular Surgery 


To the Editor.—I read with as- 
tonishment an editorial by Richard 
Warren, MD, in the November issue 
of the ARCHIVES (107:641, 1973). 

As I understand it, the proposed 
new certification in vascular surgery 
would require everyone to take the 
examination, including experienced 
vascular surgeons. Whatever value 
the test may have for vascular sur- 
geons to come, the absence of a 
“grandfather clause” for people who 
are, and have been for many years, 
experienced vascular surgeons is ri- 
diculous. I have no doubt it will lead 
to the ignoring of the new certificate 
on a large scale by experienced sur- 
geons as another needless irritant in 
a world plagued by unnecessary and 
redundant regulations. 

NICHOLAS P. D. SMYTH, MD 
Washington, DC 
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Books 


Robert M. Goldwyn, MD 
Book Review Editor 
1101 Beacon St 
Brookline, Mass 02146 


A Short Textbook of Surgery. By Sir 
Charles Illingworth. Price, not given. Pp 307. 
Williams & Wilkins Co, 428 E Preston St, Balti- 
more 21202, 1972. 


This small volume represents the 
ninth edition of a very well known 
and very popular surgical textbook. 
The nine contributors have all been 
associated with Sir Charles; it is in- 
teresting to reflect on the great con- 
tributions that all have made in vari- 
ous parts of the United Kingdom and 
foreign lands. The text makes no pre- 
tense at a complete and thorough 
treatise on any one item and this is 
probably one of its strong points. 
However, as Sir Charles points out in 
his preface, at the present time, no 
one surgeon could hope to remain 
abreast of the details involved in all 
branches of surgery today. It was his 
earnest hope that the short outline 
presented would be helpful to surgical 
subspecialists who need information 
in other subspecialties not of their 
first choosing. 

There is a brief discussion of wound 
healing, shock, and burns as well as 
preoperative care. There is a reason- 
ably up-to-date treatment of meta- 
bolic responses to injury. The chapter 
on surgical infections is illustrated by 
some cases that were probably taken 
from earlier works, as many of these 
infections at the present time can be 
controlled early. Some of the mycotic 
infections are probably still more 
common in the United Kingdom than 
they are in the United States, but it is 
well for the surgical neophyte to be 
acquainted with these. 

~The chapter on the cardiovascular 
system is refreshingly brief, as the 
student and resident should not be 
expected to go into detail this early in 
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life. The outline seems fairly com- 
plete and does present limited refer- 
ences. The portion of the book de- 
voted to the head and neck relies on 
standard information that, in more 
detailed works, might be more diffi- 
cult to come by so readily. Following 
this, there is a current and concise 
outline of diseases of the thyroid 
gland that would serve as an intro- 
duction to one stimulated to delve 
more deeply elsewhere. The section 
dealing with diseases of the breast 
touches on most of the important fac- 
tors the experienced surgeon will 
have encountered. It is quite evident 
that in the United Kingdom, as in the 
United States, there is at present no 
agreement as to the best treatment 
for breast cancer. All of the current 
modalities are managed without any 
effort to select or defend a particular 
form. 

The section discussing the abdomi- 
nal wall presents information that all 
young surgeons should have in their 
possession and there is good emphasis 
on physical diagnosis. It is of great 
interest to this reviewer that in the 
discussion of vagotomy, there is a 
brief statement concerning highly se- 
lective vagotomy, which indicates a 
very modern trend. Fortunately, no 
firm conclusion is presented, but ref- 
erences to the pioneer work are read- 
ily available. The section dealing with 
the intestines represents quite a tri- 
umph in compiling so much informa- 
tion, including illustrations and refer- 
ences, into such a limited space. 
American surgeons consider my- 
otomy for diverticular disease of the 
colon a British contribution. It is of 
note in this volume that no great 
stress is placed on this idea and the 
concluding statement indicates that, 
as yet, the authors are not totally con- 
vinced of it. 

The chapter dealing with the bili- 
ary tract, pancreas, and spleen 
arouses enough interest that the seri- 
ous student will be stimulated to 
delve into the references and pursue 
the ideas that can only be mentioned. 

There is enough about urology pre- 
sented to make the volume complete, 
and the illustrations are good. 

It is typically British to devote a bit 
more space to orthopedics and frac- 
tures as well as to surgery of the ex- 
tremities. In America, the strict sub- 
specialization of surgical disciplines 
might tend to leave this out of such a 
volume. 

This book is a delightful presenta- 


tion of the majority of important 
facts that senior residents and house 
officers should have in their command. 
As a reference book, it would serve 
only for quick review and a guide to 
more detailed information elsewhere. 
This is exactly what Sir Charles had 
in mind from the very start of his 
first edition, and I believe he has suc- 
ceeded very well indeed. It is quite 
evident that the philosophy expressed 
by all of the nine collaborators is uni- 
form and pays homage to their illus- 
trative mentor. 

EDWARD S. JUDD, MD 

Rochester, Minn 


Surgery of Repair as Applied to Hand 
Injuries, ed 4. By B K Rank, A R Wakefield, 
J T Hueston. Price, $18.25. Pp 390. Williams & 
Wilkins Co, 428 E Preston St, Baltimore 21202, 
1973. 


When the third edition of Surgery 
of Repair as Applied to Hand Injuries 
by Rank et al was published in 1968, 
it received numerous favorable re- 
views; the same recognition applies to 
the fourth edition, since it is essen- 
tially the same text. Brief new para- 
graphs in several chapters plus a per- 
tinent new five-page final chapter on 
the “Aftermath of Hand Injuries” 
make up the additional 40 pages. 

The earlier succinct coverage of the 
fundamental principles of limb sur- 
gery can scarcely be improved. It is 
regrettable, however, that this edi- 
tion mentions only briefly the recent 
advances in prosthetic implant sur- 
gery. Only four paragraphs are de- 
voted to Silastic tendon implants, and 
there are no bibliographic references 
for those who would seek further de- 
tail. Joint implants, though in- 
frequently used in posttraumatic 
problems, seem sufficiently proved to 
merit mention. Recent advances in 
amputation prosthesis technology 
should include externally powered 
components, lighter harnesses, and 
terminal devices and deserve at least 
equal emphasis with the extensive 
discussion of cineplasty. 

Nonetheless, we are glad to see the 
new edition and to realize that this 
classic text, unlike another great one, 
The Principles of Anatomy as Seen in 
the Hand, also written by a member 
of the commonwealth, Sir Frederick 
Wood-Jones, will not be overlooked by 
the increasing number of young re- 
constructive surgeons. 

RICHARD G. EATON, MD 
New York 


Books 


Reconstructive Surgery of the Long 
Bones Witn Autogenous and Homo- 
genous Grafts. By O Verbeek, MD; MJ 
Kingma, MD. Price, not given. Pp 128. HE Sten- 
fert Kroese N 7, PO B 33, Leiden, Holland, 1973. 


This 12&page monograph is a re- 
markable review of an extensive ex- 
perience of bone grafting procedures 
for a wide variety of problems. There 
are 958 cases, 647 treated with autog- 
enous grafs, 275 treated with frozen 
homogenous bone grafts, plus addi- 
tional observations on _ patients 
treated with heterogenous bone 
grafts (deeo-freeze calf bone). 

There were three deaths among the 
958 cases, a1 from massive pulmonary 
embolism. The infection rate was 
0.6%. The everall success rate with 
union and reentgenagraphic transfor- 
mation of tae grafts into living bone 
was 86.6% with autogenous grafts 
and 87.3% with homogenous grafts. 

The manner in which the grafts 
were used could be divided into three 
major groups. The first was to fill up 
cavities in bone; the second alongside 
a recipient bone as a graft for recent 
fractures ard established pseudarth- 
roses, or tc produce arthrodesis in 
the joints o7 the appendicular skele- 
ton or fusioa of a scoliotic spine in a 
growing chili. The third was bridging 
gaps in bone, an area where homog- 
enous grafts found a dramatic area of 
usefulness, for, with this method, 
very long gaps in the diaphysis of 
children could be bridged with a high 
rate of union and ultimate transfor- 
mation into a cylindrical tubulated 
shaft. In this category were also in- 
cluded shelf procedures and extraar- 
ticular arthredeses. 

A number of very practical conclu- 
sions relative to the use of homog- 
enous grafts were drawn by the au- 
thers. The risk of employing a 
homogenous 2raft is no greater than 
in employing an autogenous graft if 
great care is taken both in securing 
donor bone end the operative tech- 
nique. There is no perceptible im- 
mune reaction to homogenous cortical 
bone, even if -epeated grafting is em- 
ployed. Homogenous cortical bone 
provides an excellent mechanical prop 
when fixed tc the side of a recipient 
bone. Although the ultimate recon- 
struction of homogenous grafts by 
the recipient s limitec in adults, it is 
extensive and often quite complete in 
children. The ase of homogenous cor- 
tical bone can prevent serious dis- 
ability in many cases, especially in 
young childrea and the very elderly. 


Arch Surg/Vol 08, March 1974 


The failure of heterogenous bone 
transplantation is attributed to the 
defense mechanism of the host. Not 
only was it poorly incorporated, but it 
lead frequently to the formation of 
seromas and sinus tracts. These ad- 
verse reactions were not seen after 
homogenous bone transplantations in 
any instance, but, on theoretical 
grounds, the authors conclude that 
homogenous cancellous bone, with its 
proportionately larger cell content in 
comparison to homogenous cortical 
bone, is more likely to produce an im- 
munological response on the part of 
the host, and, therefore, they do not 
recommend its use. 

Included is a most interesting chap- 
ter entitled, “Tissue Changes Follow- 
ing Homogenous Bone Transplanta- 
tion.” The information in it is based 
on biopsy material taken at the time 
of second surgery in five patients, one 
of whom had a second-stage proce- 
dure for scoliosis and four of whom 
had refractures of previously done 
grafting procedures with the use of 
homogenous bone at intervals from 
one year three months to three years 
six months from the time of original 
grafting. The biological response of 
the host to the graft was assessed in 
each patient, and, in all, most of the 
homogenous graft was still present, 
and all of it was dead. There was in- 
vasion from the host by vascular 
channels surrounding the areas of 
new bone; there were areas of absorp- 
tion of the graft, but, even though 
x-ray films suggested healing of the 
graft to the recipient bone, recon- 
struction was minimal. 

The authors conclude that the age 
of the patient at the time the graft is 
inserted is of paramount importance, 
and, as one reviews the illustrations 
of their cases and the accompanying 
narrative descriptions, it appears 
that the younger the child is at the 
time the graft is inserted, the more 
rapid its incorporation and remodel- 
ing. In adults, residual portions of 
the homogenous grafts were visible 
in all cases illustrated, even up to 
11 years, whether or not there was 
successful union of the pseudarthro- 
sis or arthrodesis of the joint being 
treated. 

In some of the earlier cases where 
homogenous grafts were used in the 
treatment of fresh fracture, I think 
both the authors and most orthopedic 
surgeons would now use intramedul- 
lary rods or plates, but this is a reflec- 
tion only of changes in therapy that 


evolve with time and in no way de- 
tracts from the overall value of this 
work. 

It should be in all teaching li- 
braries. Its content should be familiar 
to all orthopedists whose practice in- 
cludes bone graft surgery. 

J. DRENNAN LOWELL, MD 
Boston 


Pediatric Orthopedics (2 volumes), ed 1. By 
Mihrian O Tachdjian. Price, $65. Pp Vol 1: 766; 
vol 2: 1,001, with illustrations. WB Saunders Co, 
West Washington Square, Philadelphia 19105, 
1972. 


It has been my privilege to review 
these two fine volumes on pediatric 
orthopedic surgery that will undoubt- 
edly prove to be a classic in the field. 

The text reads extremely well and 
its English is impeccable. The dia- 
grams, drawings, and illustrative 
photographs are excellent. There is 
an extensive, almost complete bibli- 
ography recorded for each subject 
that is discussed. 

The details of the preoperative 
evaluation of a patient, the various 
operative procedures available for a 
specific problem, and the details of 
postoperative care are stressed. It is 
wonderful to see the principles taught 
to us by William T. Green and the 
many procedures developed by him fi- 
nally recorded by one of his pupils in 
a very scholarly way. 

I hope that in a future edition a 
little more emphasis may be placed on 
the common positional deformities 
seen in the newborn. The author 
stresses the use of his brace for asep- 
tic necrosis of the head of the femur. 
It is an excellent device but may not 
be available to the average orthopedic 
surgeon. There are other devices such 
as Petrie casts that may be more 
readily available. It would be inter- 
esting to have the results of other 
techniques of treatment of aseptic 
necrosis of the hip compared with 
that of the author’s. In a new edition, 
it should be mentioned that the ad- 
ductors in the hip also contribute to 
flexion deformity in cerebral palsy. 
The Dwyer procedure for scoliosis will 
also need to be added. 

These volumes are highly recom- 
mended to all orthopedic residents 
and practicing orthopedic surgeons 
with an interest in pediatric ortho- 
pedic surgery. They are well worth 
reading and rereading. 

Henry H. Banks, MD 
Boston 
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Outpatient Surgery. Edited by George J Hill 
II, MD. Price, not given. Pp 1079. WB Saunders 
Co, West Washington Square, Philadelphia 
19105, 1973. 


This extraordinarily timely book is 
gathered together by 27 members of 
the faculty of the University of Colo- 
rado under the strong leadership of 
Dr. Hill. It comes as near to having 
everything on its chosen subject as 
any book I have read. It is set up in 
the best Saunders format and beau- 
tifully illustrated. It is no exag- 
geration to say that any physician 
taking care of patients will find some- 
thing useful in this book. 

RICHARD WARREN, MD 
Boston 


Acupuncture Therapy: Current Chinese 
Practice. By Leong T Tan, Margaret Y-C Tan, 
Ilza Veith. Price, $15. Pp 159. Temple University 
Press, Philadelphia 19122, 1973. 


Acupuncture is a phenomenon that 
has caught the imagination of the 
public dramatically in the past two 
years. Because it has no clear scien- 
tific basis, the medical profession 
tends to treat it with suspicion and 
disdain. The claims of success in 
a wide variety of conditions in- 
crease this distrust and, as with 
any panacea, it is regarded as 
shamanism. 

However, the possibility exists that 
it may have some application, and 
thus it deserves trial, preferably by 
people with a medical background. No 
reputable schools of acupuncture exist 
in this country, and the only books so 
far available tend only to confuse the 
would-be practitioner. 

Acupuncture Therapy: Current Chi- 
nese Practice, written by a urologist, 
an acupuncturist, and an authority on 
oriental medicine, is probably the 
most useful book to appear on the 
market to date. At the same time it 
has severe limitations. It basically de- 
scribes clearly, if somewhat roughly, 
at what points to place needles (and 
Moxa heating) in the treatment of a 
variety of conditions. But who is the 
book written for? The treatment of 
pain and other conditions that may 
have so-called psychosomatic origin is 
an obvious area for the use of acu- 
puncture. Reports of success with 
nerve deafness make an investigation 
of this problem mandatory. But it is 
too early in its acceptance to suggest 
that physicians treat appendicitis, 
pelvic inflammatory disease, malposi- 
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tion of the fetus, malaria, tonsillitis, 
and hepatitis with acupuncture. 

The chapter on acupuncture anal- 
gesia is too sketchy to be of any use to 
the anesthesiologist, and yet it was 
primarily because of acupuncture anal- 
gesia that interest in acupuncture 
was awakened in this country. 

For nonmedical therapists who pre- 
sumably have little background in 
anatomy and physiology, the one 
paragraph describing complications is 
grossly inadequate, as is the lack of 
stress of an adequate work-up and 
physician supervision of the patient’s 
course. 

The introduction is too sketchy. 
More could be said about physiologic 
mechanisms such as the Gate theory 
and hypnosis. The use of electroacu- 
puncture requires greater descrip- 
tion. The greatest fault lies in the 
lack of data regarding the percentage 
of patients who could expect to be 
helped. Admittedly, controlled studies 
are difficult, but the claims made to 
date inevitably appear wildly exag- 
gerated to the physician. 

This is a good book for the neo- 
phyte. One could wish that it gave 
more guidance as to the circum- 
stances for which acupuncture might 
be safely and honestly used to benefit 
the large number of patients who are 
at present seeking it. 

Ivor SMITH, MD 
Boston 


Gray’s Anatomy, 35th British edition. Edited 
by Roger Warwick, BSc, PhD, MD, Peter L Wil- 
liams, DSc, MA, MB, BChir. Price, $38.50. Pp 
1,471, with 1,347 illustrations. WB Saunders Co, 
West Washington Square, Philadelphia 19105, 
1973. 


This monumental work is some- 
thing of a landmark in anatomic 
texts. “Anatomy—where does it hap- 
pen, chemistry—how does it happen.” 
With these words, a colleague once 
summed up the case for dismissing 
physiology as a needed discipline, yet 
physiology still is “what happens.” 
But anatomy, to fulfill its role of 
really explaining where all happens, 
must present all its modern day fac- 
ets, ultrastructure, and histochem- 
istry, but relate these matters to 
gross anatomy as well. In this latest 
British edition of Gray’s, the new edi- 
tors and main authors, Professors 
Warwick and Williams, have given 
us a new text indeed, by integrating 
those views of the construction of the 


body obtained by microscopical and 
other techniques with those appre- 
ciated through dissection and the 
unaided eye. They have thus produced 
a basic consideration of organs and 
parts, not only as major structures, 
but as tissues and cells at the same 
time—precisely as the practicing phy- 
sician must do. 

The book is large—1,471 double- 
spaced pages, weighing 3.23 kg (7% 
lb), 364 gm (13 oz) more than the pre- 
vious British edition. Illustrations are 
numerous and large, with a lavish use 
of color. Some of the ancient pictures 
remain, but most are new and quite 
informative, including many showing 
the relationship of finest units to 
gross structure, as in the case of 
muscle, or explaining function, as 
that ef joint motion. 

A discussion of the nervous system 
occupies more than a third of the vol- 
ume, but it is a magnificent exposi- 
tion. Dr. Sanford Palay, professor 
of neuroanatomy at Harvard Medical 
School perused this section and thinks 
it one of the best presentations of the 
subject. The exploration of newer ad- 
vances and of functional concepts are 
particularly evident here. The chapter 
on cytology includes recent informa- 
tion gained from electron microscopy 
and other special techniques, and is 
well illustrated. Embryology is well 
presented with regard to implanta- 
tion and early embryogenesis, but or- 
gan development is perhaps better 
done in some specialized books on 
the subject. The chapters devoted to 
other parts—bones, viscera, etc—tra- 
ditionally belonging to gross anat- 
omy, are well written, with a mean- 
ingful interweaving of functional 
matters. 

Because Gray’s Anatomy is a medi- 
cal classic, readers may enjoy reading 
Dr. Charles Goss’ A Brief Account of 
Henry Gray F.R.S. and his Anatomy 
(Lea & Febiger, 1959), which gives an 
account of the publication of the sepa- 
rate British and American versions 
and their editors. American editions, 
more or less distinctive, have been 
produced by Lea & Febiger or its pro- 
genitors since 1859, one year after the 
appearance of the first Gray’s. Dr. 
Goss has been the editor for these edi- 
tions from 1948 to 1972. Starting with 
the current British edition, both ver- 
sions will be available in all parts of 
the world, a stroke for freedom of 
knowledge. 

EDWARD A. Epwarps, MD 
Boston 
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are diagnostic in all cases. 


Congenital Dilatation of the Intrahepatic Biliary Ducts 
David R. Watts, MD; Gabriel A. Lorenzo, MD; 
John M. Beal, MD, Chicago 
Treatment by internal drainage or by hepatic resection 
ameliorates but does not eliminate chronic cholangitis. 


Resection of Primary Hepatic Malignant Lesions 
Martin A. Adson, MD, Patrick F. Sheedy, MD, Rochester, Minn 


A satisfactory palliative procedure. 


Hypercoagulability: Thrombelastographic Monitoring 
During Extensive Hepatic Surgery 

William S. Howland, MD; El B. Castro, MD; 

Joseph B. Fortner, MD; Paddy Gould, RN, New York 


Eliminates large blood samples needed for “‘battery testing”. 


Gangrene of the Feet in Diabetics 
Henry T. G. Williams, MB, ChB, FRCS (Eng), FRCS (C), FACS; 
Kenneth J. Hutchinson, MD; Gordon D. Brown, MD, Edmonton, Canada 


A simple guide for action is temperature of the foot. 


Surgery for Necrotic Bites of the Brown Spider 
Arthur I. Auer, MD, Falls B. Hershey, MD, St. Louis 


Bring spider into doctor with you. 


REGULAR DEPARTMENTS 


Books 


Surgery of the Foot (Inman, ed.) 
Reviewed by Richard J. Nasca, MD, Little Rock, Ark 


Arterial Surgery (Eastcott) 
Reviewed by Richard Warren, MD, Boston 


Tumours of Childhood (Williams) 
Reviewed by J. R. Cassady, MD, Boston 


Shock (Major Problem in Clinical Surgery) (Shires et al) 
Reviewed by Jacob Fine, MD, Boston 


Anesthesia and Uncommon Diseases (Katz and Kadis, eds.) 
Reviewed by Richard B. Weiskopf, MD, Boston 


Complications in Vascular Surgery (Beebe) 
Reviewed by Richard Warren, MD, Boston 


AMA Annual Convention Program: Section on Surgery 


558 


569 


576 


592 


599 


605 


609 


612 


619 


619 


619 


619 


620 


620 


621 


HERE Burns 





When parentera! analgesia 
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Another book on human sexuality. 
But ifs not just another book. 


Why another book on human sexuality 
when there’s been a proliferation of 
books--both sensational and scholarly 
--on the subject? O Because of this, 
bewildering array, it was difficult for those 
called upon to counsel on sexual matters to 
find a book that met their specia! needs 
3 and one to which they could refer with 
P confidence. O Human Sexuality is 
such a book. It was prepared by the American 
Medical Association’s Committee on Human 
Sexuality, its consultants and staff. These experts 
reviewed, judged and selected from the plethora of 
sources material they thought would best serve 
the needs of those who counsel on sex. O For 
the physician, clergyman, sex educator and 
; others involved in advising and counseling on 
’ æ sexual matters, Human Sexuality is an 
| important and valuable reference guide. 
$ O Order your copy-now. Just use the 
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Grip strength— measured in millimeters of Inflammation index— arrived at by ascribing 
mercury using a rolled sphygmomanometer cuff values of 1 to 4 to degree of pain, redness, swelling, 


tenderness, and presence of joint fluid; then 
totalling five parameters 


Ascriptin helps her get the most from aspirin therapy 


When you specify Ascriptin, you’re specifying Maalox®-protected aspirin. Ascriptin 

eases jcint pain, stiffness and inflammation, while guarding against aspirin-induced 

gastric distress. That means your patient is more-likely to tolerate the high dosage 

‘evel of aspirin required to reduce arthritic ; a 

inflammation. Thus, the patient will stay IN rheumatoid and osteoarthritis 

with an optimal dosage over an extended 

period, hopefully showing greater improve- 
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Manuscript Preparation and Submission 


Send manuscripts by first-class mail to the Chief Editor, 
Richard Warren, MD, 319 Longwood Ave, Boston 02115. 
Manuscripts are received with the understanding that 
they are not under simultaneous consideration by another 
publication. Accepted manuscripts become the permanent 
property of the ARCHIVES and may not be published else- 
where without permission from the publisher (AMA). 


[ | All accepted manuscripts are subject to copy editing. 
The author will receive an edited typescript and layout 
rather than galley or page proofs for approval. The author 
is responsible for all statements in his work, including 
changes made by the copy editor. 


[ Designate one author as correspondent and provide his 
address and telephone number. He will be notified by mail 
of the intended publication date approximately one month 
in advance. Order reprints at the time the typescript is 
returned after editorial processing. Specify address to 
which requests for reprints should be sent. The correspond- 
ing author will receive 200 tearsheet copies of the article 
at no cost. 


[C] Submit an original typescript and two high quality 
copies of the entire manuscript including short communica- 
tions such as letters to the editor, book reviews, announce- 
ments, ete. All copy (including references, legends, and 
tables) must be typed double-spaced on 22 X 28 cm (8% X 
11 inch), heavy-duty white bond paper. Ample margins 
should be provided. 


[] Titles should be short, specific, and clear. They should 
not exceed 75 characters, including punctuation and spaces. 
A subtitle is often useful to shorten the main title. Provide 
a brief “running title” on each manuscript page. 


[| The style of writing should conform to acceptable 
English usage and syntax. Slang, medical jargon, obscure 
abbreviations, and abbreviated phrasing are to be avoided. 


Manuscripts reporting the results of experimental in- 
vestigations on human subjects must include a statement 
to the effect that informed consent was obtained after the 
nature of the procedure(s) had been fully explained. 


Pay Authors whose “first” language is not English should . 


arrange for their manuscripts to be written in idiomatic 
English prior to submission. 


[ ] Provide an abstract (135-word maximum) of the arti- 
cle. The abstract should include statements of the problem, 
method of study, results, and conclusions. The abstract 
replaces the summary. 


z List references in consecutive numerical order (not 
alphabetically). Once a reference is cited, all subsequent 
citations should be to the original number. All references 
must be cited in the text or tables. Unpublished data 
and personal communications should not be listed as 
references. References to journal articles should include 
(1) author, (2) title, (3) journal name (as abbreviated 
in Index Medicus), (4) volume number, (5) inclusive page 
numbers, and (6) year, in that order. References to books 
should include (1) author(s), (2) chapter title (if any), (3) 
editor (if any), (4) title of book, (5) city of publication, 
(6) publisher, and (7) year. Volume and edition num- 
bers, specific pages, and name of translator should be 
included when appropriate. The author is responsible for 
the accuracy and completeness of the references and for 
their correct text citation. Note this journal’s punctuation 
and sequence style in published reference lists. 
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f Refer to patients by number (or, in anecdotal reports, 
by fictitious given names). Real names or initials should 
not be used in the text, tables, or illustrations. 


A All measurements are to be in metric units. 


| | Letters to the Editor. The Editor will be pleased to 
receive correspondence of 250 words or less that pertains 
to material published in the ARCHIVES or of other matters 
of interest to its readers. If intended for publication, such 
letters should be clearly marked “For Publication.” 


[ ] Use only those illustrations that clarify and augment 
the text. Submit illustrations in duplicate, unmounted 
and untrimmed. Do not send original artwork. Send high- 
contrast glossy prints (not photocopies). Figure number, 
name of senior author, and arrow indicating “top” should 
be typed on a gummed label and affixed to the back of 
each illustration. All lettering must be legible after reduc- 
tion to column size. Artwork submitted for publication may 
be relettered to achieve uniformity of lettering style through- 
out the journal. Magnification and stain should be provided 
when pertinent. Illustrations should preferably be in a 
proportion of 12.5 x 18 em (5 xX 7 inches). Legends 
should be typed double spaced beginning on a separate 
sheet of paper. Length should be limited to a maximum 
of 40 words. 


a An experienced medica! illustrator should be employed 
whenever possible for the preparation of all artwork. 
Template lettering or preset type is preferred to hand- 
lettered labels. If halftone artwork with labels is sub- 
mitted, affix type and leaders to a clear acetate overlay 
registered to the base drawing. Labels and leaders should 
be applied directly to the drawing board surface if the 
artwork consists only of line ink technique. 


[ ] A letter of consent must accompany all photographs 
of patients in which a possibility of identification exists. 
It is not sufficient to cover the eyes to mask identity. 


[| Illustrations in full color are accepted for publication 
if the editors believe that color will add significantly 
to the published manuscript. The ARCHIVES will pay part 
of the expense of reproduction and printing color illus- 
trations, the remainder to be borne by the author or his 
sponsor. After deducting the ARCHIVES contribution, the 
author’s share is $275.00 for up to six square finished 
illustrations which can be arranged on a one-page layout. 
Any additional illustrations or special effects will be billed 
to the author at cost. Positive color transparencies (35 
mm preferred) must be submitted for an evaluation. 
Do not send color prints unless accompanied by original 
transparencies. If transparencies are mounted in frames or 
glass, the material should be carefully packed in gauze 
and sent with the manuscript in a separate container or 
between two pieces of pressboard. 


[ Each table should be typed double-spaced, including 
all headings, on a separate sheet of 22 X 28 cm paper. Do 
not use larger paper. If a table must be continued, use a 
second sheet and repeat all heads and stubs. 


Tables should be arranged so that when printed they 
will not be wider than three columns of ARCHIVES body 
type. Generally up to nine typewritten columns of data 
(including stub, or left column) will fit into three columns. 
Tables must be numbered consecutively, beginning with 1, 
and each must have a heading. Example: “Table 6.—Re- 
sults of Blood Coagulation Studies.” 
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Brief Summary. 


Censult the package literature for prescribing information. 


Actions: Ketlin® (sodium cephalothin, 
Lilly) is a broad-spectrum antibiotic. 
Following Æ single 1-Gm. intravenous 
dose, blood levels have been about 30 
mcg. per ml. at fifteen minutes. Dos- 
ages of 2 Gm. given intravenously over 
a thirty-minute period have produced 
serum conceatrations of 80 to 100 mcg. 
per ml. one-half hour after the infusion. 

The antibiotic passes read ly into 
bedy fluids, 2.g., pleural, joint, bile, and 
ascitic fluids. 


Indications: Keflin is indicated for the 
treatment af serious infections caused 
by susceptible strains of the designated 
micre-organisms in the diseases listed 
below. 


Respiratory tract infections caused 
by Diplococcus pneumoniae, 
staphylococci (penicillinase and 
nonpenicillinase-producing), group 
A beta-nemolytic streptococci, 
Klebsiella, and Hemopahilus influ- 
enzae 

Skin and soft-tissue infections, in- 
cluding peritonitis, caused by 
staphylococci (penicillinase and 
nonpenicillinase-preducing), 
group beta-hemolytic strepto- 
cocci. Escherichia coli, Proteus 
mirabilis, and Klebsiella 


Genito-urimary tract infectionscaused 
by Esch. coli, Pr. mirabilis, and 
Klebsiella 


Septicemia, including endocarditis, 
caused By D. pneumoniae, staph- 
ylococci (penicillinase ard non- 
penicillinase-producing), group A 
beta-hemolytic streptococci, 


Streptococcus viridans, Esch. coli, Ws 


Pr. mirabilis, and Klebsiella 
Gastro-imestinal infections caused 


Dy Salmonella and Shigella species | 


Meningit's caused by D. pneumoniae, 
grou œA beta-hemolytic strepto- 
cocci, and staphylococei (penicil- 
linase and nonpenicillinase-pro- 
ducing) 

Bane and joint infections caused by 
staphylecocci (penicillinase and 
nonpenicillinase-producing) 


Contraindication: Previous hypersensi- 
tivity to cephalosporins. 


Warnings: BEFORE CEPHALOTHIN THER- 


APY IS INSTITUTED, CAREFUL INQUIRY. 


SHOULD BE MADE CONCERNING PREVI- 
OUS HYPERSENSITIVITY REACTIONS TO 
CEPHALOSPORINS AND PENICILLIN. 
CEPHALOSPORIN C DERIVATIVES SHOULD 
BE GIVEN CAUTIOUSLY IN PENICILLIN- 
SENSITIVE PATIENTS. 

SERIOUS ACUTE HYPERSENSITIVITY 
REACTIONS MAY REQUIRE EPINEPHRINE 
AND OTHER EMERGENCY MEASURES. 

There is some evidence of partial 
cross-allergenicity of the penicillins and 
the cephalosporins. Severe anaphylac- 
toid reactions have been reported with 
both drugs. 

Patients with allergy and hypersensi- 
tivity should receive antibiotics cau- 
tiously and only when necessary. 

Usage in Pregnancy—Safety for use 
during pregnancy has not been estab- 
lished. 


Precautions: Patients should be fol- 
lowed carefully to detect any side- 
effects or drug idiosyncrasy. If an al- 


lergic reaction occurs, discontinue the 
drug and treat the patient with usual 
agents. | 

Although alteration in kidney func- 
tion is rare, evaluation of renal status 
is recommended. Patients with im- 
paired renal function should be placed 
on a reduced dosage schedule to pre- 
vent excessive serum concentrations. 
Consult prescribing information. 

If thrombophlebitis or superinfection 
occurs, take appropriate measures. A 
false-positive reaction for glucose in the 
urine has been observed with some 
tests but not with Tes-Tape® (urine 
Sugar analysis paper, Lilly). 


Adverse Reactions: Maculopapular rash, 
urticaria, pain, induration, tenderness, 
elevation of temperature, reactions re- 
sembling serum sickness, anaphylaxis, 
eosinophilia, drug fever, neutropenia, 
thrombocytopenia, hemolytic anemia, 
thrombophlebitis, transient rise in 
SGOT and alkaline phosphatase, rise in 
BUN, decreased creatinine clearance, 
and a positive direct Coombs test have 
been reported. lo71873] 
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Editorial 


s “VA E; as 


Peer Review and All That 


Three Little Words 


i ha ære only a few nouns in the English lan- 


guage that have two directly opposite meanings. 


Sach a one is “peer.” As if that were not remarkable 
enough, the word a.so has a third meaning as a verb that 
has no etymological relationship to the other two mean- 
ings. | 

The first definition is “Peer: one of superior rank or po- 
sition, a nebleman, a holder of one of the five degrees of 
British nobility: Duke, Marquis, Earl, Viscount, or Baron.” 
Its second meaning is more humble: “Peer: one of the 
Same rank. an equal, a comrade.” 

Will the peer review process of the Professional Stan- 
dards Review Organizations (PSRO) bring together a 
group of mmrades, reviewing records and clinical proce- 
dures out of mutual interest and concern for the welfare 
of the patent, as equals? If so, this new legislation will 
survive and might even go down in history as a triumph 
for self-regulation in a voluntary medical care delivery 
system. 

Or will each PSEO nominate a new nobility, a dapper 
dukedom ia the elegant echelons of medical politics, a ver- 
itable “Hause of Feers” to review the work carried out 
dewnstairs, in the Commons, by the ordinary doctors 
there? 

ff the second pathway is taken, the medical profession 
will fail to cooperate. If peer review involves a new nobil- 
ity, the system will fail despite the arm-twisting of a poli- 
ticized bureaucracy, induced financial penalties, and the 
“leverage of constraints.” This delightful term “leverage 
of constraints” (politely coined by the Department of 
Health, Education, and Welfare) means, in simple En- 
glish, that you will not be paid for your work unless you 
conform te the new PSRO regulations. 

Medical care cannot be given under coercion. It is a 
ferm of secial intercourse involving a “collective action” 
between Goctor and patient. It cannot be carried out at 
the end of a gun, any more than other forms of inter- 
course. 


Ardh Surg/Vol 108, April 1974 


Being, like most surgeons, a persistent optimist, I want 
to believe that the peer review process will improve the 
quality of patient care. Unfortunately, current trends are 


in the other direction. The entire thrust has been distorted _ 


to “cost containment.” The PSRO will accomplish merely 
the definition of allowable or permissible charges. There is 
no clear connection between this frantic political activity 
and the quality of clinical care. 

Let us consider an example. A 45-year-old woman 
wishes to have a hysterectomy because of recurrent vagi- 
nal bleeding from a small submucous fibroid. The “normal- 
ized” hospital stay for a hysterectomy is 8.4 days. Certain 
laboratory tests and examinations are required and ac- 
ceptable. If these conditions are met, the surgeon and the 
physician are paid and so is the hospital. But we still have 
no idea of whether or not the hysterectomy was really 
needed. Would she be better off just to await the natural 
menopause? We have no idea whether or not the inevi- 
table urethral catheterization emptied the bladder of 
urine but filled it with Escherichia coli, leading to persist- 
ent pyelonephritis. We are not told whether or not the lab- 
oratory “norms” contained an adequate screen to deter- 
mine that her anemia was actually pernicious anemia, 
rather than blood loss. And certainly we have no idea as to 
whether or not the patient and her husband understood 
clearly what was being advised and what was involved. 
We have no concept of whether or not the anesthetist was 
competent to introduce the endotracheal tube without in- 
juring the vocal cords, whether or not an adequate allergic 
history of prior anesthetics was taken before adminis- 
tering a drug such as halothane to the point of deep coma. 
We have no concept as to whether or not the serub nurses 
that day were a little careless and brought instruments 
into the operating room from the one next door where an 
abscess was being drained. In short, all the elaborate 
PSRO conditions were met, but we have gained no insight 
into the quality of the patient’s care. 

Moreover, when the patient did get ready to go home 
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after 8.4 days, the surgeon still felt that she was a little 
weak and wobbly and should not really go home quite yet. 
He was a little worrried about her strength. Her pulse was 
still elevated, even though the electrocardiogram ap- 
peared to be normal. Looking over his rule book for PSRO, 
he could find no identifiable complication that would jus- 
tify her further stay in the hospital. If he asked her to 
stay on for a day or two, neither he nor the hospital would 
be paid. The patient would have to pay out of her own 
pocket. There would always be the slight suspicion that 


maybe the doctor had done something evil. And possibly 


he would be asked to pay the additional hospital bill out of 
his own pocket. 

So, the PSRO conditions being met, she went home. And 
climbing the stairs two days later, she suffered a fatal 
heart attack. Looking back over that last day in the hospi- 
tal, the consultant for the plaintiff’s lawyers points out 
that maybe there was a little evidence of electrical insta- 
bility in that ECG and that her medications and electro- 
lyte values should be rechecked because of the danger of 
an arrhythmia. 

Such a case tells us of the glaring faults and short- 
comings of the PSRO as now being advocated by federal 
and local government. In addition, it may signal one of 
the most famous law suits in the history of American 
medicine. The chairman of the local PSRO could, of course, 
be sued for malpractice. It was his insistence on meeting 
these arbitrary rules that forced the patient to be sent 
home before the doctor felt it was wise. This caused her 
death. 

Such painful examples can be strung out far longer than 
this editorial should stretch. They merely emphasize that 
the definition of the length of stay, permissible charges, 
and norms for patient care (instituted by a self-appointed 
peerage) may constitute peer review; they do not consti- 
tute either the practice of medicine or the definition of 
high-quality care. 

The passage of the Bennet Ammendment will mark the 
beginning of a period of extravagant expenditure of pub- 
lic funds for the establishment of a new bureaucracy to 
regulate medical practice. This new set of rules will sig- 
nalize the beginning of an intense power struggle, long la- 
tent or dormant, between physicians and those who seek 
to enter the doctor-patient interface. This truly will be a 
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struggle between “town and frown.” The value of peer re- 
view as it grows, blossoms, and then later withers, will de- 
pend on which of these two meanings of the word “peer” 
finally comes to prevail. 

The definition of payable charges for in-hospital medi- 
cine is surely but a petty objective in the overall battle 
plan for the improvement of American medical care. We 
should instead be devoting our attention to primary care, 
home care, family care, and the work of the first-contact 
physician. The peer review process and PSRO do abso- 
lutely nothing about these critical matters. They leave 
untouched the problems of access, nonuniform distribu- 
tion, availability of personnel, training, productivity, com- 
petence definition, specialty certification, staff creden- 
tialling, and the educational process. 

It took the Regional Medical Programs (RMP) a decade 
to die. They were launched with about the same amount of 
fanfare. It is my prediction that the PSRO will die more 
quietly, without too much of a convulsive struggle, in 
about seven years. Give it until 1980. 

The RMP supplied kudos, national appointments, em- 
ployment opportunities, and local prominence for adminis- 
trative personnel who enjoy playing the game of medical 
polities. It was grossly ineffective by any clinical criteria. 
It did not help a number of patients appropriate to the ex- 
penses incurred. It demonstrated again that our federal 
government is not an effective operational modality at the 
doctor-patient interface. 

There is a general social principle known as the “gener- 
ational acceleration of social change.” We would estimate 
that this will act to accelerate the death of PSRO even 
faster than RMP. 

Peering dimly into the future, then, we can discern 
what sorts of peers will do the peer review. We predict 
that they will constitute a new nobility (authority without 
peer), peering into the records of patients written by phy- 
sicians whom they no longer regard as their peers. An es- 
sentially malignant process, this cancer will be lethal and 
PSRO will die because the wrong definition of the key 
noun came to prevail. 

FRANCIS D. Moore, MD 

Peter Bent Brigham Hospital 
721 Huntington Ave 

Boston 02115 
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The New Giants 


Tom D. Throckmorton, MD, Des Moines, Iowa 


And slowly answered Arthur from the 
barge: “The old order changeth, yielding 
place to the new, and God fulfills himself in 
many ways, lest one good custom should 
corrupt the world.” 

TENNYSON 


o tell my story I must reach far 

beyond the past. I must reach 
backward in time to the misty ages 
when the world was flat. There were 
mastodons and saber-toothed tigers. 
Man was a puny creature, with a 
flickering fire at the entrance to his 
cave, and with an even smaller light 
behind his eyes. There were giants in 
those days: monstrous creatures, half- 
man and half-god. The earth trem- 
bled beneath their feet, and the winds 
blew at their beck. Their voices 
echoed as cataracts boomed in deep 
gorges or as boulders avalanched 
down mountainsides. 

Gradually, during the next eon or 
two, man’s intelligence flamed. Myths 
melted before new knowledge, and 
the earth slowly became round. And 
within the earth were entrapped the 
giants. Even today an occasional 


Accepted for publication Dec 7, 1973. 

From Surgical Associates, Des Moines, Iowa. 

President’s address, read before the 81st an- 
nual meeting of the Western Surgical Associa- 
tion, Houston, Nov 15, 1973. 

Reprint requests to Docters Park, 1407 Wood- 
land Ave, Des Moines, IA 50309 (Dr. Throckmor- 
ton). 


earth tremor reminds us. 

As man developed, he soon fash- 
ioned his own giants. He found the 
material among his fellow men: Aris- 
totle, Archimedes, Copernicus, New- 
ton, Harvey, John Hunter, Rush, 
Lister, and Pasteur. These and a hun- 
dred others stood head and shoulders 
above their fellows by reason of their 
wisdom or their fortitude. 

They stood taller as they inspired 
enthusiasm and imitation. The more 
lavishly they spent themselves, the 
broader they became. Each giant 
stood solidly and unswayed, heedless 
of tides and crosscurrents, safely 
wrapped in a mantle of intellectual 
honesty. 

I come from a family that has al- 
ways believed in giants. They peopled 
my boyhood. I can remember my fa- 
ther and my grandfather speaking in 
admiration of the elder Gross and the 
younger Gross; of W. W. Keen and of 
DaCosta. My father himself stood tall 
and strong as any giant. 

In medical school the tallest giant 
by far was that most mild-mannered 
and self-effacing of all men: Sumner 
Koch. As I interned, the short, sturdy 
figure of I. S. Ravdin grew tall as the 
hospital tower. During my surgical 
training, giants came thick and fast: 
Plummer, Priestley, Waugh, Cla- 
gett—and many others. I had known 
Dr. Will and Dr. Charley and Chuck 
Mayo as well. The elder Crile and 
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Frank Lahey I knew and looked up to 
in awe. 

After I began my surgical practice, 
I missed the association with giants, 
the opportunity to stand in their 
shadows or to eavesdrop on the point 
and counterpoint of their conversa- 
tions. I had prized these associations; 
books and journals were no substi- 
tutes. And then I found where the gi- 
ants gathered each year, as at some 
favorite watering hole or lush savan- 
nah, for the peaceful sharing of the 
year’s experiences. I applied for mem- 
bership in the Western Surgical Asso- 
ciation and was elected—one of my 
greatest days. Once again the fellow- 
ship of the great and of the near- 
great was mine. — 

There were truly giants in those 
days; but as time passed, it seemed to 
me that the giants were disappearing 
from the stage and into the wings of 
obscurity. Their outlines were less 
distinct and their messages less fre- 
quent. 

This gradual disappearance dis- 
turbed me all the more when I real- 
ized it had been going on almost un- 


= noticed for deeades. My father began 


the study of medicine in 1907. In that 
same year, six years before my birth, 
the American Surgical Association 
held a meeting in Washington, DC. 
Eighty-seven members were present. 
Let me read from the register of that 
meeting the names with which I be- 
came familiar during my own growth. 
They roll from the tongue like a list 
of Old Testament prophets: John Gib- 


bon, Rosewell Park, Mumford, Munro, 


DaCosta, Deaver, W. J. Mayo, Willy 
Meyer, Halsted, J. B. Murphy, C. H. 
Mayo, Ochsner, Carmalt, Allis, Fin- 
ney, Bloodgood, Cabot, Mixter, Crile, 
Mudd, Martin, Wyllys Andrews, and 
Harvey Cushing. Twenty-three 
names called forth by memory from 
87 members. Do you fancy that we 
shall do as well in another two 
thirds of a century? 

Some of the grizzled old giants are 
still with us: Clagett, Stone, Berman, 
Priestley, Hunnicutt, and others. 
Many of us remember with treasured 
glee some of the titanic struggles 
waged from this very podium. How 
Arnold Jackson and his brother 
James locked horns over the merits of 
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isoperistalic and antiperistalic gas- 
trojejunostomy. How “Tack” Har- 
rington slowly shook his leonine head 
from side to side as he defended radi- 
cal mastectomy against some upstart. 
Or the murmur that ran through the 
house when Hunnicutt first reported 
his successful use of the ascending co- 
lon as a stomach substitute—complete 
with an ileocecal valve for a cardia. 
Those were halcyon days! 

But where are the surgical giants 
today? Their footprints which once 
seemed so deep and widespaced, are 
yielding to the winds of time. Where 
are the giants? I cannot believe they 
retreated. What has happened or is 
even now happening to slay these 
great men and stultify their under- 
studies? Several explanations come to 
mind. 

Were the giants starved to death? 
Surgery has always attracted great 
men; men who were curious, inspired, 
and who gravitated toward action. 
Now have the attractions of other 
fields dried up the supply of surgical 
giants? Have the unknowns of the 
atom, the infinity of space, or the tur- 
bulent actions of business and politics 
diverted the giants from surgery and 
left a dwindling supply of mere men? 

Have the surgical giants, like the 
Irish elk, fallen victims to unre- 
strained growth? There were no mas- 
sive surgical departments in those 
early days, no tenure, no dean’s com- 
mittees, no grant applications, and no 
curricula to abridge. There were few 
troublesome staff appointments, fac- 
ulty meetings, research projects, or 
journals to edit. Have these and other 
enervating requirements, by sheer 
weight, pulled the giant away from 
the operating room, away from the 
patient, and submerged him in hectic 
obscurity? 

Or, mayhap the giants, like 
beleaguered mammoths, have been 
dragged down by packs of wolves. 
These are times of permissiveness. 
This is the era of democracy and de- 
partmental committees. Junior sur- 
geons have been “given the vote” 
without taking responsibility. Popu- 
larity among students has been 
equated with stature among men. 
The Juggernaut of Equality is rolling 
over us all. “I’m as good as you are!” 


has been perverted to “You’re no bet- 
ter than I am!” Can giants survive 
in a waste country, harried by scav- 
engers? 

On the other hand, perhaps the gi- 
ants were wiped out by some great 
pandemic or plague. Has the social- 
ization of medicine so infected sur- 
gery that towering and stately 
growth is no longer possible? The bu- 
reaucratic overlord, that true anti- 
giant, is fattening like a swollen 
queen ant, with miniscule minions 
scurrying in and out of surgical corri- 
dors. The order sheets are questioned, 
procedures are evaluated, and results 
totaled up by nonentities who have no 
license or leave to practice medicine, 
but who dare tell us how it must be 
done. Is it any wonder that the giants 
may be disappearing in a festering 
sickness? 

It also seems possible that, like the 
“gingham dog” and the “calico cat,” 
the giants may have eaten each other 
up and disappeared without a trace. 
Have the giants taught so well, 
created such patterns of enthusiasm, 
dedication, and intellectual honesty, 
that they have been swallowed up in 
the burgeoning overgrowth of their 
own disciples? Is it true that we are 
now all of one height because we are 
standing on the shoulders of the old 
giants? It is a thought to be cherished 
and polished. But is it truly possible 
that, even so buoyed up and sus- 
tained, we have risen to greater but 
still equal heights? 

Is it possible that we are all upon 
the ultimate plateau; that an early 
darkness has fallen upon distant tow- 
ering goals and has dimmed the forti- 
tude and desire of strong men to gain 
them? 

I have returned from a tedious 
search, seeking to find if somewhere, 
in our midst, a new race of giants 
might be growing—quietly, slowly, 
surely, and unrecognized. I have 
polled the membership of the West- 
ern Surgical Association to see what 
colleagues they hold in highest re- 
gard. I have sought to find what con- 
sultants they would call on when 
faced by vexing situations. I have 
learned whose opinions they most 
value. 

This was accomplished by having at 
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hand all of the scientific presenta- 
tions made before this association 
during the past five years. My wife 
and I copied dewn zhe authors noted 
in each bibliography—the very men 
you have called on to help you with 
your most difficult and current prob- 
lems. These names were given to a 
computer for processing. The com- 
puter was instructed to conduct a 
minute search of these candidates 
and to come up with a list of “new gi- 
ants.” 

The computer was programmed to 
consider consultations in 35 areas of 
surgery, from neurosurgery or thy- 
roid or parathyroid surgery to vascu- 
lar surgery, burns, shock, and fluid re- 
placement. The bibliographies, all 
2,490 articles, fell neatly into such 
surgical eategories Then, the actual 
consultants in tne bibliographies 
were considered, all 4,827 of them. 
Many of these men were consulted 
only once; onewas consulted 15 times. 
Any author eonsulted five or more 
times was considered a potential sur- 
gical giant. Therefore, the computer 
was programmed to set apart all au- 
thors appearing on five ør more occa- 
sions. Also were noted the field or 
fields in whieh each was consulted. 
There were 71 men fulfilling the crite- 
ria. 

Of these 71 men, a smattering were 
not physicians, being chemists, physi- 
ologists, or other paramedical people. 
Another few were physicians but not 
surgeons. They stood forth as inter- 
nists, or pediatricians, or as propo- 
nents of one of the more esoteric 
medical arts. These two groups of 
men, talented as they undoubtedly 
are, could in nowise be considered as 
suitable candidates. The remaining 56 
surgeons constituted our pool of po- 
tential surgical giants. 

These 56 surgeons proved a re- 
markable lot. They were consulted 
507 times; they stand as obvious au- 
thorities, yet the lay public would rec- 
ognize only two or three of their 
names. Our medical colleagues would 
recognize only an added handful. 
These men are the ultimate surgical 
authorities, yet few, if any, tower like 
the giants of old. Rather, the reverse 
seems to be the cese. These potential 
giants have delved so deeply and well 
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into single aspects of surgery that 
they have almost disappeared from 
sight. Most of these virtuoso surgeons 
have drawn a barricade of great but 
solitary accomplishment about them- 
selves; they are content to live apart 
in limited isolation. They are quick to 
share their wisdom, their experience, 
and their enthusiasm—but only 
within their area of special and nar- 
row interest. 

Thirty-three of these 56 men are 
members of the Western Surgical As- 
sociation. Probably a greater number 
belong to our ranks than to any other 
regional surgical society. I am proud 
as I see many of their faces tods_: 
great men whose friendship I cherish, 
whose wisdom I seek, and whose skills 
I covet. These men are the glistening 
ornaments of surgery. These are the 
surgical adepts. 

Except for an occasional and de- 
lightful anachronism, the old surgical 
giants have disappeared; they have 
been replaced by the surgical special- 
ist and superspecialist. The sudden, 
explosive pressure of surgical knowl- 
edge has fractured surgery into myr- 
iad hyphenated subspecialties. As bits 
and pieces of surgery have spun off, 
the surgical adept has been born. I 
use this term with all its connotations 
of skill and knowledge that border on 
the superhuman. The adepts have all 
the apparatus and techniques of a 
conjuror. Their most commonplace 
surgical procedures almost hint of 
magic to those of us who yet cling to 
the main body of surgery. As the era 
of the old surgical giant draws to a 
close, the era of the surgical adept 
opens with brilliance and a promise of 
greater deeds to be done. 

Yet, despite a growing display of 
virtuosity among the adepts, the com- 
puter has forecast a potential disaster 
among them and, indeed, all of sur- 
gery. The computer analysis has 
made obvious the increasing aggluti- 
nation of surgeons into tiny groups. 
As each such group has gathered 
about its own nucleus of special inter- 
est, it has lost contact with surgery. 
Hyphenated surgeons can be tall, or 
broad, or long, but they lack those 
great three-dimensional qualities of 
the old giants. They do not loom; they 
cast a thin shadow. The surgery you 
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and I have known has been splintered 
into seemingly unrelated and self- 
contained units, each working 
diligently with its portion of the pa- 
tient. The true interrelationship of 
the bits and pieces is lost. There is no 
real communication between frag- 
ments, only a widening and dark- 
ening gulf. 

I can predict that soon there may 
be surgical adepts who are not sur- 
geons. Soon, adepts may arise full- 
fledged, like Minerva from the brow 
of Zeus. The tenuous training pro- 
grams of tomorrow’s medical schools 
will make for apprentice surgeons 
who have never had a course in sur- 
gery. Surgical residencies will be 
training superspecialists who are 
completely ignorant of surgical disci- 
plines. And as the gulf widens be- 
tween the technical adept and sur- 
gery, so will an abyss develop 
between surgery and humanity. By 
extrapolation, the computer forecasts 
the death of surgery as a profession. 

It seems unlikely that the surgical 
adepts will be inclined, at this time, 
to check their headlong flight away 
from surgery. The old giants are no 
longer at hand to wield their strength 
with firmness and wisdom in behalf 
of the surgeon and the patient. 
Therefore, it is the business of the 
new giants to insist on a new sense of 
unity and responsibility throughout 
surgery. 

Yes, there is indeed a race of new 
giants. They tower tall and strong, 
representing all that is best in sur- 
gery and solely dedicated to the art, 
science, and compassion that are sur- 
gery. The new giants move so quietly 
that few of us are really aware of 
them. And yet, we cherish them and 
afford them all the respect of a Hal- 
sted, a Gross, or a Murphy. 

If you ask me, “Who are these New 
Giants? Where are they to be 
found?” my response will be: “You 
are one of the new giants.” Do not 
look to the right or to the left. Do not 
surreptitiously assess your neighbor. 
He is not the new giant. Look about 
the whole room! A magnificent au- 
dience of select, master surgeons; 
willing to share, to give, to learn, and 
to hold fast to the principle that the 
whole patient is their business. I tell 
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you we are, all of us, the new giants. 
The great surgical societies are the 
new giants, of which we, the Western 
Surgical Association, are among the 
tallest. 

Yes, the Western Surgical Associa- 
tion is one of the rising new giants. 
Now it is ours through this fellowship 
to inspire, influence, and direct the 
course of surgery. It is our opportu- 
nity to stand tall, strong, and pur- 
poseful; to stand not as a collection of 
hyphenated surgeons, not a loosely 
knit society of surgical adepts, but as 
an orchestrated whole. Together we 
rise as a far more persuasive and 
powerful figure than any of the old 
giants. We grow with the integrity of 
our membership, with the quality and 
breadth of our programs and inter- 
ests. We thrive with our cooperative 
attitudes toward the other new gi- 
ants. We bear a stamp of approval. 

Surgery has suffered at times, in 
the recent past, for lack of a giant, 
a spokesman. We all look with nos- 
talgia to the time when a Coller, a 
Cushing, or a Mayo could speak for 
surgery and be heard. These men lent 
an enchantment to all they touched or 
did. Now, it must be the new giants 
who speak for surgery. 

Surgery must not tolerate a surgi- 
cal adept who is not a surgeon. Sur- 
gery must not award an apprentice- 
ship to a suppliant who is uncertain 
whether the spleen lies to the right or 
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to the left. Surgery must not be daz- 
zled by technical virtuosity, while 
blinded to basic needs and concepts. 
Surgeons must first be physicians, 
physicians who minister to humanity, 
not to a disease or to an organ. Sur- 
gery must remain an art and a pro- 
fession, not a trade union or a techni- 
cal guild. 

Surgery must recognize the “team 
approach” for what it is: a valuable 
sharing of talents. But every team 
needs a captain. Surgery is not a 
democratic process. In my operating 
room we do not vote! Poll taking is a 
teaching device. 

The great surgical societies, . the 
new giants, must rally and unite all 
surgery once again into a dynamic 
whole. Only such new giants can 
withstand the centrifugal forces that 
disrupt surgery from within, and al- 
ways in the name of progress. In 
brief, surgery must be done by sur- 
geons, and the new giants must as- 
sure a continuation of that dogma. 
The era of the surgical adept is here; 
the new giants must encourage it. 
But the new giants must be vigilant 
and properly demand that all surgical 
adepts first be surgeons. Sometime, 
somewhere, someone must draw a 
straight line. I say the time is now, 
this is the place, and the new giants 
are the very ones to draw such a line. 
Surgery is more than a technical 
exercise; it is a discipline, to be lived. 
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Let me say it again: surgery must be 
done by surgeons. There must be a 
dedication larger than self; no matter 
how glittering a display the surgical 
adept may spread before us, the first 
goal should be humanitarian service. 

The Western Surgical Association 
must not play a role; we must live a 
role: responsibly, diligently, and with 
assurance that through us, a better 
and unified surgery will continue and 
develop. 

As the great new giants arise to 
their full heights, perhaps we owe a 
requiem to those great men on whose 
shoulders we and all surgery rest. I 
must confess a feeling of love and 
half-forgotten reverence for those old 
giants. They enabled you and me to 
share, for a time, a certain sort of 
Camelot. But, as in Camelot, the 
round table was finally shattered and 
the last dragon slain. The knights had 
ridden off or had fallen in unselfish 
service. King Arthur, himself griev- 
ously wounded and his sword Excali- 
bur no longer at his hand, lay on a 
bedecked barge. This great old giant 
was destined to float on downstream 
to that magical land of Avalon, where 
it was said he would be made whole 
again. But Arthur had no illusions. 
Time moved inexorably. As the barge 
was unmoored, his last words came 
slowly: “The old order changeth, 
yielding place to the new; and God 
fulfills himself in many ways.” 
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Thyroid Suppression 


Lucius D. Hill, MD; Hugh &. Beebe, MD; 


Eobert Hippo, MD; Hagh W. Jones, MD, Seattle 


Routine thyroid suppression with adminis- 
tration of exogenous thyroid hermone has 
altered masagement of thyroid nodules. 
During 22 years the mean number of thyroid 
operations per year in our haspital declined 
from 68.3 te 18:5, while the proportion of 
cancer casesin those cperated on rose from 
4% to 36.5%. The operative mortality in 
1,009 thyroidectemies was zero. In the last 
ten years, 54 patients have had surgical re- 
moval of thyroid cancer. Only two of these 
have died of tumor. That a decrease in size 
ef malignant thyroid nodules was recorded 
in feur patiests an suppression is evidence 
that this tecinique does not prevent pro- 
gression of thyroid cancer. Thyroid suppres- 
sion is beneficial in selection of patients for 
operation. lf this approach is te be used rou- 
tinely however, strict adherenee to absolute 
and relative cziteria fer surgery must be em- 
ployed by both internist and surgeon. 


anagement of nodules of the thy- 
roid gland remains controver- 
sial to the point that there is wide di- 
vergence of opinion about manage- 
ment of this condition from physician 
to physiciar and from center to cen- 
ter. In some institctions nearly all 
thyreid nodules are removed, while at 
others almost ne thyroid nodules are 
removed. In some certers it would ap- 
pear that the management is entirely 
fortuitous in that the patient is 
treated med-cally if first seen by an 
internist, or operated on if initially 
evaluated by a surgeon. There is defi- 
nite need fer a more orderly approach 
to the patiert who harbors a thyroid 
nodule. In this center there has been 
an effort to develop a unified ap- 
proach to these patients. 
A previous study from this institu- 
tion reported the use of selective thy- 
roid suppression by exogenous hor- 


mone and ar associated increase in 


Accepted for pablication Dec 27, 1973. — 

From the Desartment of Surgery, Mason 
Clinic and Virginia Mason Medical Center, 
Seattk. | 

Read before the 81st annual meeting of the 
Western Surgical Association, Houston, Nov 15, 
1978. 

Reprint requeses to Department of Surgery, 
Virginia Masor Medica) Center, Seattle 98101 
(Dr. Hilh. 


Arch Sarg/Vol 108, April 1974 


selectivity of patients who proved to 
have cancer at operation.' As a conse- 
quence of that experience, routine 
thyroid suppression has been em- 
ployed during the past ten years as 
an adjunct in selecting patients for 
surgery. Joint evaluation of patients 
by surgeons and endocrinologists has 
also resulted in specific eriteria for 
operation. The effect of this approach 
on the spectrum of surgical disease is 
the subject of this article. 


Clinical Data 


This study is based on 1,009 thyroi- 
dectomies done for thyroid nodules 
during the years 1950 to 1972. These 
patients were divided into three 
groups. From 1950 to 1960 (group 1), 
most patients with thyroid nodules 
were treated surgically. Suppressive 
therapy was not employed during this 
time. Six hundred eighty-three pa- 
tients were operated on. The average 
was 68.3 operations per year, but 
there was only a 4% yield of cancer of 
the thyroid. ; 

Group 2 included the years 1960 to 
1963, during which time suppressive 
therapy with either desiccated thy- 
roid or levothyroxine sodium (0.3 mg 
per day) was started on a selective 
basis for some patients. Among the 
159 patients in group 2, there were 39.9 
operations per year with a yield of 
12.6% carcinomas. In 1964, preopera- 
tive thyroid suppression with exoge- 
nous hormone was started as a rou- 
tine and used on nearly all patients 
(group 3). Exceptions to routine pre- 
operative suppression were patients 
having absolute indications for oper- 
ation outlined in “Methods of Patient 
Selection.” Otherwise, nearly all pa- 
tients were placed on a regimen of 0.3 
mg levothyroxine sodium daily. Dur- 
ing this period the number of oper- 
ations declined to 18.5 per year, and 
the yield for carcinomas rose dramat- 
ically to 36.5%, or 61 carcinomas 
treated in 167 operations. Of the total 
series of patients, 173 had malignant 





tumors: these are summarized by type 
in Table 1. 

There was no operative mortality 
in the 1,009 patients, even though the 
study includes all patients operated 
on during the past 22 years. During 
this time, 23 patients died of carci- 
nomas of the thyroid. Twelve patients 
who died of papillary (seven) or fol- 
licular (four) or both (one) types of 
tumors had been treated by resection 
of the primary lesion and neck dis- 
section where appropriate. In six of 
ten patients dying of undifferen- 
tiated lesions or sarcoma (one), the 
only operation was biopsy. The five 
remaining patients who died of un- 
differentiated neoplasms had been 
treated by thyroid resection. During 
the past decade, 12 of 61 patients 
treated for cancer have died; but 
in four, death was from unrelated 
causes, and three of these were clini- 
cally free of tumor. Of the 54 patients 
whose lesions were resected, two have 
died of thyroid cancer. It is note- 
worthy that both patients had long- 
standing goiters, one for 30 years and 
the other for 45 years. Four patients 
are currently alive with recurrence; 
two have follicular carcinoma, one un- 
differentiated cancer, and one medul- 
lary carcinoma. Seven patients with 
undifferentiated neoplasms were 
managed surgically by biopsy and 
tracheal decompression only. All but 
one have already died of their disease. 


Methods of Patient Selection 


The great majority of thyroid operations 
are done for diagnosis and treatment of 
malignant neoplasms. Aside from the rare 
patient with truly great compression 
symptoms and those who desire operation 
for cosmetic indications only, the ability to 
distinguish benign from malignant thyroid 
tumors permits selective reduction in the 
number of- thyroid resections while in- 
creasing the percentage yield of cancers. 
Among the various tests that have been 
proposed to aid in this differential diag- 
nosis are radioactive iodine (I) scanning,’ 
alone or in combination with the selenome- 
thionine SE 75 uptake scanning, as sug- 
gested by Thomas and his colleagues,’ ul- 
trasonic scanning,' thyroid angiography,’ 
and other radiologic types of examination. 
The diagnostic accuracy of these tech- 
niques has often not exceeded clinical eval- 
uation alone. 

Most “cold” nodules do not ultimately 
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prove to be cancerous, despite the fact that 
many cancers are cold on conventional ra- 
dioactive iodine scanning. Ultrasonic 
scanning is useful to distinguish only be- 
tween solid and cystic nodules, not be- 
tween types of solid nodules, and arteriog- 
raphy has not yet proved to be reliable. 

The use of preoperative routine thyroid 
suppression should be viewed as a method 
of improving the accuracy of clinical eval- 
uation when strict criteria for absolute and 
relative indications for surgery are ob- 
served. Absolute indications for surgery of 
thyroid neoplasm are age, below 16 years 
or over 65 years with new nodule; previ- 
ous cervical radiation; increase in size on 
suppression; marked pressure symptoms; 
metastatic disease. Relative indications 
for surgery of thyroid neoplasm are cold 
on scan; recent rapid scan; male; family 
history of thyroid cancer; failure to sup- 
press in three months; unable to observe; 
older patient; “feels like cancer.” No single 
criterion in the relative indications for sur- 
gery is sufficient to justify operation in the 
usual case. More often, two or more rela- 
tive criteria are required before operation 
is advised. Patients in whom there are no 
obvious indications of malignancy are 
placed on a regimen of levothyroxine so- 
dium (0.3 mg daily) and observed carefully 
at monthly intervals. 

It is also of fundamental importance to 
accurate clinical evaluation that all pa- 
tients having relative indications for sur- 
gery are jointly evaluated by both surgeon 
and endocrinologist. Patients in our insti- 
tution who have no indications for oper- 
ation are routinely evaluated by two endo- 
crinologists at each visit when their only 
contemplated treatment is medical. Pa- 
tients who have complete regression of 
their nodule on suppression and do not un- 
dergo operation are maintained on a regi- 
men of thyroid suppression medication in- 
definitely. 


Patients With Cancer on 
Thyroid Suppression 


During the entire study, 31 pa- 
tients were given preoperative sup- 
pression therapy and ultimately 
proved to have carcinoma of the thy- 
roid gland. The majority of these nod- 
ules appeared unchanged or increased 
in size during observation. Often the 
nodule became more apparent by a 
relative decrease in size of the sur- 
rounding normal thyroid tissue. 

It is of special interest that four pa- 
tients showed decrease in the size of a 
thyroid mass that ultimately proved 
to be a carcinoma. Failure to regress 
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Papillary 110 63.6 
Follicular 33 19.1 
Mixed papillary- 


follicular 5.8 
Undifferentiated 8.1 
Sarcoma 1 
Medullary LZ 
Mixed papillary- 

anaplastic 0.5 
Total 


totally or increasingly firm consist- 
ency of the nodule ultimately led to 
operation in these four patients. An 
example of this phenomenon is shown 
in the following report. 

Report of a Case.—A 30-year-old woman 
was seen on March 31, 1970, for evaluation 
of a thyroid nodule noted a week previ- 
ously. Her past history included a partial 
thyroidectomy for a right lobe colloid ade- 
noma at age 19 and another thyroid oper- 
ation at age 23 at which time a limited re- 
section was done for a benign adenoma in 
the left lobe of the gland. In October 1960 
she was treated by neck radiation for a ke- 
loid sear following her thyroid surgery; 900 
roentgens were delivered at 100 kv in three 
divided doses. She was evidently free of 
disease and well clinically until the time 
she was seen at the Mason Clinic. She was 
clinically euthyroid and taking no medica- 
tion. 

On examination, blood pressure was 
130/80 mm Hg and pulse, 84 beats per min- 
ute. There was a 1.5-cm moderately firm 
immobile nodule in the left midportion of 
the thyroid gland. There was no lymphade- 
nopathy in the neck. The results of the re- 
mainder of her physical examination were 
unremarkable. The serum cholesterol level 
was 135 mg/100 ml. A liothyronine uptake 
test showed 23.4% activity (normal, 26% to 
36%). A radioactive iodine uptake scan 
showed uptake of 8.9% and evidence of 
normal-appearing function in the region of 
the clinical nodule. 

The clinical impression was that this 
was a benign thyroid nodule and she was 
placed on a regimen of liothyronine sodium 
(25 mg per day) that was gradually in- 
creased to three times per day over the 
course of five weeks. On May 28, 1970, the 
thyroid nodule measured less than 1 em in 
size and was thought to be softer. Thyroid 
therapy was continued. On Aug 3, 1970, 
when examined again, the nodule was sim- 
ilar to its appearance three months previ- 
ously. Thyroid medication was continued 





Table 2.—Cancer Patients 
Receiving Suppressive Therapy 


Change in Nodule Size 
ES 
In- No De- 
Cancer Type crease Change crease 
Papillary 3 poy 2 
Follicular 2 2 2 
Mixed 3 me! 
Undifferen- 
tiated 
Medullary 
Sarcoma 
Total 


without change and administration of 
diethylstilbestrol was instituted as part of 
a treatment regimen for acne. On Dec 5, 
1970, the thyroid nodule was completely 
undetectable clinically to examination by 
three observers. On Feb 9, 1971, the thy- 
roid nodule had reappeared and enlarged 
markedly. It was now 1.5 cm in diameter 
and firm. On March 5, 1971, it was still 
more firm and measured 2 cm in diameter. 
On March 29, a total thyroidectomy and 
modified neck dissection was carried out. 
Pathologic examination showed papillary 
carcinoma with metastasis to right jugular 
lymph nodes. 

On Oct 20, 1973, she remained clinically 
free of disease on a regimen of levothy- 
roxine sodium alone. Her serum calcium 
level is normal. 

This represents the only patient in 
our experience who has had total re- 
gression of a thyroid nodule that ulti- 
mately proved to be malignant. The 
other three patients had documented 
decrease in size of the nodule during a 
trial period of thyroid hormone sup- 
pression of less than six months. Our 
policy of having patients with thyroid 
nodules examined by multiple observ- 
ers at each visit lends credence to this 
clinical observation of decrease in 
size. 

In patients who had been on sup- 
pressive therapy, 35.7% had metas- 
tases to cervical lymph nodes at the 
time of operation. There were metas- 
tases in the neck in 42% of patients 
not on suppressive therapy prior to 
operation. There was no apparent cor- 
relation between type of cancer and 
behavior while on preoperative sup- 
pression as illustrated in Table 2. 


Comment 


In years past, the difficulty of accu- 
rate clinical diagnosis led to frequent 
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Table 3.—Petients Receiving Thyroid Hormone Who Were Observed 
for Excessive Periods 


Duration Duration 
of of 
Nodule, Stppres- 
yr sion, yr Operation 
50 Lodectomy 


Total 


Total 
Nede dissection 


Total 


Lobectomy 
Node dissection 


Lopectomy 
Node dissection 


Total 
Nade dissection 


Biepsy 


Lobectomy 
Subtotal 


Subtotal 
Node dissection 


operations. and a low yield of carci- 
nomas. Reaction to this led to widely 
advocated extreme positions by some 
who recemmended that virtually no 
patients be operated on for thyroid 
cancer. Astwood and his associates’ 
suggested that exogenous thyroid 
hormone administration was suffi- 
cient treatment. Further, they sug- 
gested that the mortality of thyroid 
surgery exceeded that of thyroid can- 
cer. The data from the present series 
include 23 patients who died of thy- 
roid caneer and none who died as a re- 
sult of surgical therapy. 

A tendency to observe patients 
with thyroid nodules for very long pe- 
riods of time while maintaining them 
on a regimen of thyroid suppression 
has beem noted in our study and by 
others.’ Whether this indifferent atti- 
tude by some physicians toward thy- 
reid nodules has been fostered by the 
advent of suppressive therapy and 
the knowledge that many metastases 
are responsive to suppression‘ is 
only speculative. Table 3 shows exam- 
ples of patients observed for exces- 
sive periods of t:me with nodules 
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Pathology Status 


Undifferentiated Died 
carcinoma 


Follicular carcinoma 
& nodes 


Mixed carcinoma 
& nodes 


Medullary carcinoma 
Papillary carcinoma 


Alive with disease 


Alive and well 


Alive with disease 
Alive and well 


Papillary carcinoma Alive and well 


Papillary carcinoma Alive and well 


& nodes 


Undifferentiated Died 
carcinoma 


Papillary carcinoma 
Papillary carcinoma 
Mixed carcinoma 


Alive and well 
Alive and well 
Alive and well 





treated with thyroid suppression 
medication. One patient in this group 
developed a nodule while on thyroid 
suppression. These 11 patients are 
considered improperly managed be- 
cause of misuse of thyroid suppres- 
sion. Nearly all were not seen at this 
center until the time of operation. In 
none had there been prior joint eval- 
uation by surgeon and internist, the 
importance of which is one of the 
messages of this article. 

In four patients who ultimately 


_ proved to have carcinoma of the thy- 


roid, shrinkage of the nodule while on 
preoperative suppressive medication 
was documented. To our knowledge, 
this has not previously been reported, 
but it is evidence that a nodule can 
shrink while on suppressive therapy 
even though it is malignant. 

The question remains to be an- 
swered whether a cancer yield in ex- 
cess of one out of every three patients 
operated on for thyroid nodule is ex- 
cessively high. Recent reports indi- 
cate a much lower percentage yield of 
cancer, ranging from 15% in another 
private clinic’ to 19% in a private 


hospital setting’! and 28% in a medi- 
cal school hospital. It is our impres- 
sion that none of our patients has 
been neglected when observed closely 
without lapse in continuity and when 
the indications for operation have 
been strictly adhered to. Conversely, 
those patients described in Table 3 


- show that the proportion of cancer 


cases in a series could be excessively 
high if surgical indications are ig- 
nored and undue dependence is placed 
on hormone suppression as the only 
treatment. 


Nonproprietary Name and 
Trademark of Drug 


Selenomethionine SE 75.—Sethotope. 
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Lederle Laboratories presents 
EXPLORATIONS IN ANTIMICROBIAL THERAPY 


DISCOVER 


microbial specificity in a wide range of 
hospital infections due to susceptible 
pathogens* 









MINOCYCLINE HCI 
INTRAVENOUS 100 mg/vial 


Meets bacterial 
challenges 
in the hospital 










importance, such é 
susceptible Bacteroides sr 
Clostridium sp. and Mim. 
Herellea sp., implicate 
in postsurgical G.I. ar 

G.U. infections; ar 
against populations: 
recognized importanc 
such as E. coli ar 
Klebsiella sp. (Se 

Table | 


MINOCIN Minocycline HCI 
Intravenous administered 
in dosages identical to 
the usual oral regimen of 
MINOCIN, 200 mg 
initially, 100 mg q. 12 h. 
provides prompt 
antimicrobial serum 
levels to control in- 
fections caused by 
susceptible patho- 
gens in the hospital 
MINOCIN I.V. use 


MINOCIN can be as recommende 
effective in the rarely results 
treatment of pneu- thrombophlebiti 
monia, skin and If MINOCIN I.V. 
soft tissue infec- given over pr 
tions, bacteremia longed period 
and septicemia. In however, thror 
hospital infections, bophlebitis mi 


occur. In all app 
cable cases, or 
MINOCIN should t 
instituted as soon i 
possibl 


it can be useful 
against populations 
of pathogens 
assuming increasing 


*When bacteriologic testing indicates appropriate 
susceptibility to MINOCIN Minocycline HCI. 


MINOCIN minocycline HCI 
penetration levels after oral administration: 
respiratory, G.1., G.U. and other tissues/fluids 


TABLE | 
AVERAGE CON- 
TISSUE OR N@MBER OF CENTRATION TISSUE OR NUMBER OF 
BODY FLUID SPECIMENS mcg/gm OR ml BODY FLUID SPECIMENS 
PROSTATE 


SP 
Ẹ 
SALIVA- n a r ed 


#4 2 LDR 
BREASTS 
TT Ma 
SINUS (MUCOUS 
MEMBRANE) 
STOMACH 












AVERAGE CON- 
CENTRATION 















FALLOPIAN TUBE 






THYROID ES APRA OEY 8 
TONSIL ED ART 





; UTERUS 
3 | VEIN WALL 


The majer part ofthe data in humans was derived from the pharmacologic trial in patients scheduled for various types of surgery. 
They were given the MINOCIN loading dese of 200 mg initially followed by 100 mg at 12-hour intervals for four days. At the time of 
surgery, a blood sample was drawn and atwo-gram specimen of excised tissue was reserved for analysis. 





‘TABLE II 


PENETRATES SITES OF INFECTION TO IN VITRO ACTIVITY+ OF MINOCIN Minocycline HCI : 
OVERCOME SUSCEPTIBLE HOSPITAL PATHOGENS* AGAINST 421 STRAINS OF VARIOUS BACTERIA, | 
INCLUDING PATHOGENS AND NONPATHOGENS?++ f 
NUMBER OF j 
i b SITES OF SURGERY/INFECTION STRAINS MINOCYCLINE 
PATHOGEN (NOT INCLUSIVE) ORGANISM TESTED ACTIVITY 
Baeteroides sp. Gallbladder 
Lower G.I. Tract 
Female G.U. Tract Staphylococcus aureus 56 55 
Diplococcus pneumoniae 35 31 s 
Clostridium sp. Gallbladder Streptococcus, group A 63 57 
Streptococcus, group B 12 6 
E. coli Apei Streptococcus, group C 3 3 
G U. Tract Streptococcus, group G 3 3 
Streptococcus viridans 31 30 ; 
Klebsiella sp: Respiratory Tract Enterococcus 36 6 : 
G.U. Tract ‘ i z 
Neisseria gonorrhoeae 25 21 
‘eae Hemophilus influenzae 15 1 
D. pneumoniae pie baad De Escherichia coli 48 32 i 
Proteus sp.+++ 34 3 4 
Enterebacter GJ. Tract p i 
(Aerobacter) G.U. Tract Klebsiella 17 9 
Enterobacter aerogenes 3 3 J 
H. influenzae Respiratory Tract Enterobacter cloacae 7 3 | 
Serratia 4 J } 
Enterococcus Lower Bowel Herellea 7 7 l 
G.I. Tract y 
Mima polymorpha 1 1 ( 
Pseudomonas aeruginosa + 15 6 , 
Mima-Herelleasp. Urethra y i 
Vaginal Tract l 
Staphylococcus aureus*** Skin and Soft Tissue j 
*When bacteriologic testing indicates appropriate susceptibility to + No direct correlation should be inferred between in vitro and | 
MINOCIN Minocyctine HCI. in vivo activity. 
**MINOCIN not active against Proteus sp. or Pseudomonas. ++ No approved clinical indication for MINOCIN therapy in infections i 
**Tetracyclines are nat the drugof choice in tre treatment of any type of due to Proteus sp., Pseudomonas. 
staphylecoccal infections. MINOCIN is indicated for treatment of +++ Includes two strains of P. morganii and P rettgeri and 32 of 
Staphyiocoecus aureus in skin and soft tissue infections only when P. mirabilis. : 


bacteriolagic tests indicate appropriate susceptibility to the drug. 


Before prescribing MINOCIN, please refer to the prescribing information for full description 
of adverse effects and precautions, a copy of which is on the last page of this advertisement. 
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MINOCYCLINE HCI 


semisynthetic tetracycline 
for office and hospital 


MINOCIN provides 
effective therapy with 
relatively few problems 


® Penetrates tissues of respiratory, G.I. and. 
G.U. tracts, skin and muscle. 


® No photosensitivity to date. 


@ Well absorbed even with food, dairy 
oroducts or colas. 


@ Enamel hypoplasia/tooth staining can 
occur in children under eight. 


@ If renal impairment exists, lower than 
usual doses are indicated. (See WARNING 
in Package Insert.) 


@ Lightheadedness that may occur Is tran- 
sient, disappearing during therapy or always 
after therapy is completed. 


® Dosage form flexibility: supplied as 50 mg 
and 100 mg capsules, 50 mg/5 cc syrup, and 
100 mg/vial intravenous. 


Lederle Laboratories 
ederle A Division of American Cyanamid Company 
Pearl River, N.Y. 10965 


NEW 
50 mg 
CAPSULE 


...1f more 
frequent doses 
are preferred 







MINOCIN’ Minocycline Hydrochloride 


Oral and Intravenous 


DESCRIPTION: MINOCIN minocycline hydrochlo- 
ride is a semi-synthetic derivative of tetracycline. 
7-dimethylamino-6-deoxy-6-demethyltetracycline 
hydrochloride. 


Intravenous: Each vial, dried by cryodesiccation, 
containssterile Minocycline Hydrochloride equiva- 
lent to 100 mg. Minocycline. When reconstituted 
with 5 cc. of Sterile Water For Injection the pH 
ranges from 2.0to28 


ACTIONS: Microbiology. The tetracyclines are pri- 
marily bacteriostatic and are thought to exert their 
antimicrobial effect by the inhibition of protein syn- 
thesis. Minocycline HCI is a tetracycline with anti- 
bacterial activity comparable to other tetracyclines 
with activity against a wide range of gram-negative 
and gram-positive organisms 

Tube dilution testing: Microorganisms may be 
considered susceptible (likely to respond to mino- 
cycline therapy) if the minimum inhibitory concen- 
tration(M.1.C.) is not more than 4.0 mcg./ml. Micro- 
organisms may be considered intermediate 
(harboring partial resistance) if the MLC. is 40 to 
12.5 mcg./ml. and resistant (not likely to respond to 
minocycline therapy) if the M.I.C. is greater than 
12.5 mcg./ml 

Susceptibility plate testing: If the Kirby-Bauer 
method of susceptibility testing (using a 30 mcg 
tetracycline disc) gives‘a zone of 18 mm. or greater. 
the bacterial strain is considered to be susceptible 
to any tetracycline. Minocycline shows moderate 
in vitro activity against certain strains of 
staphylococci which have been found resistant to 
other tetracyclines. For such strains minocycline 
susceptibility powder may be used for additional 
susceptibility testing 


INDICATIONS. MINOCIN minocycline HCI is indi- 
cated in infections caused by the following micro- 
organisms 

Rickettsiae: (Rocky Mountain spotted fever, ty- 

phus fever and the typhus group. Q fever, rickett- 

sialpox, tick fevers.) 

Mycoplasma pneumoniae (PPLO, Eaton agent) 

Agents of psittacosis and ornithosis. Agents of 

lymphogranuloma venereum and granuloma in- 

guinale. The spirochetal agent of relapsing fever 

(Borrelia recurrentis). The following gram-nega- 

tive micro-organisms: Hemophilus ducrey! 

(chancroid), Pasteurella pestis and Pasteurella 

tularensis. Bartonella bacilliformis, Bacteroides 

species, Vibrio comma and Vibrio fetus. Brucella 
species (in conjunction with streptomycin). 

Because many strains of the following groups of 
micro-organisms have been shown to be resistant 
to tetracyclines, culture and susceptibility testing 
are recommended. 

MINOCIN minocycline HCI is indicated for treat- 
ment of infections caused by the following gram- 
negative micro-organisms, when bacteriologic test- 
ing indicates appropriate susceptibility to the drug: 

Escherichia coli, Enterobacter aerogenes (for- 

merly Aerobacter aerogenes), Shigella species, 

Mima species and Herellea species, Haemo- 

philus influenzae (respiratory infections), Kleb- 

siella species (respiratory and urinary infections) 

MINOCIN is indicated for treatment of infections 
caused by the following gram-positive micro-or- 
ganisms when bacteriologic testing indicates ap- 
propriate susceptibility to the drug: 
Streptococcus species: Up to 44 percent of strains 
of Streptococcus pyogenes and 74 percent of 
Streptococcus faecalis have been found to be re- 
sistant to tetracycline drugs. Therefore, tetracy- 
clines should not be used for streptococcal disease 
unless the organism has been demonstrated to be 
sensitive. 

For upper-respiratory infections due to group A 
beta-hemolytic streptococci, penicillin is the usual 
drug of choice, including prophylaxis of rheumatic 
fever 
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PEDIATRIC DOSAGE 
~ (GENERAL) 


ADULT DOSAGE 
(GENERAL) 






HOW SUPPLIED 









| MINOCIN IV. 
| 10 mg/Vial 
















1 Vial 100 mg 


4 mg/kg initially, 
9/kg Box of 100 Vials 


200 mg initially, 2 mg/kg q. 12h 


100 mg q. 12h. 
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MINOCIN Capsules 
100 mg 












Bottles of 50's and 1000's; 


20O mg any, Unit dose 10 x 10's 


4 mg/kg initially, 
100 mg q. 12 h. 


2 mg/kgq. 12h. 











| MINOCIN Capsules 100 mg or 200 mg 












50m initi 50r 4 mg/kg initially, of 100: 
| g le mg 2 mg/kg q. 12 h. Bottles s 















‘MINOCIN Syrup 
50 mg/5 cc 











2 teaspoonfuls 
(100 mg) initially, 
1 teaspoonful 
(50 mg) q.i.d. 


4 mg/kg initially. 
2 mg/kg q. 12h. 







2-fluidounce Bottles 








Diplecoccus pneumoniae, 

Staphwococcus aureus, skin and soft tissue infec- 
tions. Tetracyc!lines are not the drug of choice in the 
treatment of amyttype of staphylococcal infection. 

When penicillin is contraindicated, tetracyclines 
are alternativedrugs in the treatment of infections 
due to 

Neisseria gonerrhoeae. Treponema pellidum and 

Treponema pertenue (syphilis and yaws), Listeria 

menocytogenes, Clostridium species, Bacillus 

anthracis, Fusobacterium fusiforme (Vincents 
infection), Actinomyces species. 

In acute intestinal amebiasis. the tetracyclines 
maybe a useful adjunct to amebicides. 

MINOCIN isandicated in the treatment of tracho- 
ma, alfhough the infectious agent is not always 
eliminated, as judged by immunofluorescence. In- 
clusion conjunetrvitis may betreated with oral tetra- 
cyclines or with a combination of oral and topical 
agents 


Orabkonly: Imsevere acne, the tetracyclines may 
be useful adjunetive therapy. Minocycline is indi- 
cated in the treatment of asymptomatic carriers of 
N meningitidis to eliminate meningococci from the 
nasopmarynx. 

inorder to preserve the usefulness of MINOCIN 
mmocycline HC! in the treatment of asymptomatic 
menimgococca! carriers, diagnostic labcratory pro- 
cedures, including serotyping and susceptibility 
testing, shouldbe performedto establish the carrier 
state and the cerrect treatment. It is recommended 
that the drug be reserved forsituations im which the 
risk of meningecoccal meningitis is hig). 

Minecyclineis not indicated for the treatment of 
meniungococca! infection. 


C@NTRAINDICATIONS. This drug is contraindi- 
cated in personswho have shown hypersensitivity 
tozany of the tetracyclines. 


WARNINGS. In the presence of renal dysfunction, 
particularly in pregnancy. intravenous tetracycline 
therapy in daily doses exceeding 2 grams has been 
associated with deaths through liver falure. 

When the neec for intensive treatment outweighs 

itapetential dangers (mostly during pregnancy or in 
indivicuals with known or suspected renal or liver 
impairment), its advisable toperformreralandliver 
functien tests before and during therapy Also tetra- 
cycline serum concentrations should be followed. 
if renal imparrment exists, even usual oral or par- 
enteral doses may lead to excessive systemic accu- 
mulation of the drug and possible liver toxicity. 
Undersuch conditions. lower than usualtotal doses 
are indicated, amd if therapy is prolonged, serum 
leye! ceterminations of the drug may be advisable. 
This hazard is of particular importance inthe paren- 
tera! administration of tetracyclines to pregnant or 
pest-partum patients with pyelonephritis. When 
used ender these circumstances. the blood level 
should not exceed 15 micrograms/ml and liver 
_ functien tests should be made at frequert intervals. 
Other potentially hepatotoxic drugs should not be 
prescribed comcomitantly. 
= The use of tetracyclines during toota develop- 
mer Cast half of pregnaney, infancy. anc childhood 
to the age of 8 years) may cause permanent dis- 
coloration of the teeth (yellow-gray-brown). This ad- 
verse reaction is more common during long-term 
use ofthe drugs but has Deen observed following 
repeated short-term courses. Enamel nypoplasia 
has also beem reported. Tetracyclines, therefore. 
shoulc not be used in this age group unless other 
drugs are not likely to be effective or are contra- 
indicated. 

Photosensitivity manifested by an exaggerated 
sunburn reaction has been observed in some indi- 
viduals taking tetracyclines. Patients art to be ex- 
pesedito direct sunlight or ultraviolet light should 
be advised that this reaction can occur with tetra- 
cycle drugs, and treatment should be discontin- 
ued at the first evidence of skin erythema. Studies 
todateindicatethat photosensitivity does not occur 
with MiNOCIN minocycline HCI. 
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The antianabolic action of the tetracyclines may 
cause an increase in BUN. While this is not a prob- 
lem in those with normal renal function, in patients 
with significantly impaired function, higher serum 
levels of tetracycline may lead to azotemia, hyper- 
phosphatemia, and acidosis. 

CNS side effects including lightheadedness, diz- 
ziness or vertigo have been reported. Patients who 
experience these symptoms should be cautioned 
about driving vehicles or using hazardous machin- 
ery while on minocycline therapy. These symptoms 
may disappear during therapy and always dis- 
appear rapidly when the drug is discontinued. 


Usage in Pregnancy. (See above Warnings about 
use during tooth development.) 

Results of animal studies indicate that tetracy- 
clines cross the placenta, are found in fetal tissues 
and can have toxic effects on the developing fetus 
(often related to retardation of skeletal develop- 
ment). Evidence of embryotoxicity has also been 
noted in animals treated early in pregnancy. 


Usage in newborns, infants, and children. (See 
Si “Warnings about use during tooth develop- 
ment. 

Alltetracyclines forma stable calcium complex in 
any bone forming tissue. A decrease in the fibula 
growthrate has been observed in prematures given 
oral tetracycline in doses of 25 mg./kg. every 6 
hours. This reaction was shown to be reversible 
when the drug was discontinued. 

Tetracyclines are present in the milk of lactating 
women who are taking a drug in this class. 


PRECAUTIONS. As with other antibiotics prepara- 
tions, use of this drug may result in overgrowth of 
nonsusceptible organisms, including fungi. If super- 
infection occurs, the antibiotic should be discon- 
tinued and appropriate therapy should be instituted. 

In venereal diseases when coexistent syphilis is 
suspected. darkfield examination should be done 
before treatment is started and the blood serology 
repeated monthly for at least 4 months. 

Because tetracyclines have been shown to de- 
press plasma prothrombin activity, patients who are 
on anticoagulant therapy may require downward 
adjustment of their anticoagulant dosage. 

In long-term therapy. periodic laboratory evalua- 
tion of organ systems, including hematopoietic. 
renal and hepatic studies should be performed. 

All infections due to Group A beta-hemolytic 
streptococci should be treated for at least 10 days. 

Since bacteriostatic drugs may interfere with the 
bactericidal action of penicillin, it is advisable to 
a giving tetracycline in conjunction with peni- 
cillin. 


ADVERSE REACTIONS. Gastrointestinal: Ano- 
rexia, nausea. vomiting, diarrhea, glossitis, dys- 
phagia, enterocolitis. and inflammatory lesions 
(with monilial overgrowth) in the anogenital region. 

These reactions have been caused by both the 
oral and parenteral administration of tetracyclines. 
Skin: Maculopapular and erythematous rashes. 
Exfoliative dermatitis has been reported but is un- 
common. Photosensitivity is discussed above. (See 
“Warnings. ) Renal toxicity: Rise in BUN has been 
reported and is apparently dose related. (See 
“Warnings. ) Hypersensitivity reactions: Urticaria. 
angioneurotic edema, anaphylaxis, anaphylactoid 
purpura, pericarditis and exacerbation of systemic 
lupus erythematosus. Bulging fontanels have been 
reported in young infants following full therapeutic 
dosage. This sign disappeared rapidly when the 
drug was discontinued. Blood: Hemolytic anemia. 
thrombocytopenia, neutropenia and eosinophilia 
have been reported. CNS: (See Warnings. ) When 
given over prolonged periods, tetracyclines have 
been reportedto produce brown-black microscopic 
discoloration of thyroid glands. No abnormalities 
of thyroid function studies are known to occur. 


DOSAGE ANDADMINISTRATION: ORAL. Therapy 
should be continued for at least 24-48 hours after 


symptoms and fever have subsided 

Concomitant therapy: Antacids containing 
aluminum. calcium. or magnesium impair absorp- 
tion and should not be given to patients taking oral 
tetracycline 

Studies todate have indicated that the absorption 
of MINOCIN is not notably influenced by foods and 
dairy products. 

In patients with renal impairment: (See “Warn- 
ings.) Total dosage should be decreased by reduc- 
tion of recommended individual doses and/or by 
extending time intervals between doses. 

In the treatment of streptococcal infections. a 
therapeutic dose of tetracycline should be adminis- 
tered for at least 10 days. 

ADULTS: The usual dosage of MINOCIN minocy- 
cline HCI is 200 mg. initially followed by 100 mg. 
every 12 hours. Alternatively. if more frequent doses 
are preferred. two or four 50 mg. capsules may be 
given initially followed by one 50 mg. capsule four 
times daily. 

CHILDREN: The usual dosage of MINOCIN mino- 
cycline HCI is 4 mg_/Kg. initially followed by 2 mg_/ 
Kg. every 12 hours. 

Fortreatment of syphilis. the usual dosage of 
MINOCIN should be administered over a period of 
10-15 days. Close followup. including laboratory 
tests. is recommended 

Gonorrhea patients sensitive to penicillin may be 
treated with MINOCIN. administered as 200 mg. 
initially followed by 100 ma. every twelve hours for 
a minimum of 4 days. with post-therapy cultures 
within 2-3 days. 

In the treatment of meningococcal carrier state 
recommended dose is 100 mg. every 12 hours for 
five days. 


DOSAGE AND ADMINISTRATION: INTRAVE- 
NOUS. Note: Rapid administration is to be avoided. 
Parenteral therapy is indicated only when oral 
therapy is not adequate or tolerated Oral therapy 
should be instituted as soon as possible. If intrave- 
nous therapy is given over prolonged periods of 
time. thrombophlebitis may result. 

ADULTS: Usual adult dose: 200 mg. followed by 
100 mg. every 12 hours and should not exceed 
400 mg. in 24 hours The drug should be initially dis- 
solved andthen further diluted to 500-1,000 cc.with 
either Sodium Chloride Injection USP, Dextrose 
Injection USP. Dextrose and Sodium Chloride In- 
jection USP, Ringers Injection USP, or Lactated 
Ringers Injection USP but not in other solution 
containing calcium (a precipitate may form). 

The reconstituted solutions are stable at room 
temperature for 24 hours without significant loss of 
potency. Any unused portions must be discarded 
afterthat period The final dilution for administration 
should be administered immediately. 

CHILDREN: Usual pediatric dose: 4 mg_/kg. fol- 
lowed by 2 mg./kg. every 12 hours. 

In ee with renal impairment: (See “Warn- 
ings. 

Total dosage should be decreased by reduction of 
recommended individual doses and/or by extend- 
ing time intervals between doses 


HOW SUPPLIED. Capsules— Minocycline Hydro- 
chloride equivalent to 100 mg. Minocycline. Hard- 
shell purple and orange. Bottles of 50 and 100; Unit 
Dose 10 x 10's. Product No. 5301. 

Minocycline Hydrochloride equivalent to 50 mg. 
Minocycline. Hardshell orange. Bottles of 100 and 
Unit Dose 10 x 10's. Product No. 5300. 

Syrup— Minocycline Hydrochloride equivalent 
to 50 mg. Minocycline per teaspoonful (5 cc.). Pre- 
served with propylparaben 0.10% and butylparaben 
0.06% with Alcohol USP 5% v/v. Custard-flavored in 
bottles of 2 fl. oz. Product No. 5313 

Intravenous—100 mg. vials of sterile cryodesic- 


cated powder. Product No. 5305. (Combined 5/73) — 


MILITARY FSN 6505-149-0574 100 mg I.V. 


MILITARY FSN 6505-003-5112 } 100 mg capsules (50s) 


VA FSN 6505-003-5112A 
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Treatment of Distant Metastases 


Jay K. Harness, MD; Norman W. Thompson, MD; James C. Sisson, MD; 
William H. Beierwaltes, MD, Ann Arbor, Mich 


During the 26-year period from 1947 to 
1973, 333 patients with differentiated thy- 
roid carcinomas were treated with sodium 
iodide | 131 post-operatively. Thirty-six of 
these (10.6%) had metastases to lung or 
bone or both. The mean age at the time of 
diagnosis was 36.1 years (range, 6 to 69 
years). Mortality from thyroid carcinomas 
was 27.8%. Average follow-up interval from 
diagnosis was 19.8 years for those with 
papillary carcinomas and lung metastases 
and 23.0 years for those with follicular 
carcinomas and lung metastases. Although 
seven of ten patients with bone metastases 
died, the five-year survival was 100% in this 
group. The average dose of sodium iodide | 
131 was 383.2 millicuries for papillary dis- 
tant metastases and 571.2 millicuries for fol- 
licular metastases. Total thyroidectomy prior 
to treatment of distant metastases with so- 
dium iodide | 131 is important for successful 
management. 


poeri treated for differenti- 
ated thyroid carcinomas charac- 
teristically have long-term survivals. 
Following surgical therapy, approxi- 
mately 90% of patients with papillary 
carcinomas and 80% with follicular 
carcinomas will live ten or more years 
without clinically significant recur- 
rence. Although choice of specific op- 
erative treatment remains controver- 
sial, it is nevertheless true that most 
patients do well. A small percentage 
however, will eventually die either 
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from uncontrolled local disease or, 
more frequently, from distant metas- 
tases.' Death from distant metastatic 
spread often occurs many years after 
the diagnosis and treatment of the 
primary thyroid neoplasm. Further- 
more, some patients may survive with 
obvious but asymptomatic metastases 
for several years before progression 
results in morbidity and eventual 
death. 

An assessment of any therapy for 
distant metastases therefore requires 
a long period of observation before 
valid conclusions may be reached. De- 
spite the fact that radioactive iodine 
has been widely used during the past 
30 years, very few reports have ap- 
peared evaluating the long-term re- 
sults of this therapy in patients with 
distant metastases from differenti- 
ated thyroid carcinomas.'* 

Patients with distant metastases 
represent only a small percentage of 
all patients with well-differentiated 
thyroid carcinomas. This group is of 
particular clinical significance, how- 
ever, because the majority of deaths 
from papillary and follicular carci- 
nomas occur within it. It is estimated 
that 4% to 20% of patients with papil- 
lary carcinomas develop distant me- 
tastases during the course of their 
disease.” The highest incidence (20%) 
of distant metastases has been re- 
ported in children with this neo- 
plasm.'® The incidence of distant 
metastatic spread from angioinvasive 
follicular carcinomas ranges from 
10% to 50%, with the highest inci- 
dence occurring in older patients. 
From published reports, it is esti- 
mated that more than 75% of patients 
with distant metastases died from 
this disease within five years of diag- 
nosis.2-7""! 


Differentiated Thyroid Carcinomas 


During the 26-year period from 
1947 to 1973, 333 patients with differ- 
entiated thyroid carcinomas were 
treated with sodium iodide I 131 post- 
operatively at the University of Mich- 
igan Medical Center. Thirty-six of 
these patients (10.6%) had metastases 
to the lungs or bone or both. Eval- 
uations were completed on all living 
patients during 1973, a 100% follow- 
up. This article analyzes results from 
radioactive iodine therapy in 36 pa- 
tients with metastatic papillary or 
follicular carcinomas during a 26-year 
period. 


Methods 


Selection of Patients.—During the 26- 
year period from 1947 to 1973, 333 patients 
with either papillary or follicular carci- 
nomas were treated with therapeutic doses 
of sodium iodide I 131. The histopathologic 
material from all patients given therapeu- 
tic doses of sodium iodide I 131 during this 
period was reviewed by the Department of 
Pathology at the University of Michigan. 
All patients with anaplastic, medullary, 
and Hiirthle cell carcinomas were ex- 
cluded. The remaining 333 patients were 
treated for either papillary or follicular 
carcinomas. 

Since the introduction of treatment with 
sodium iodide I 131 at the University Hos- 
pital in 1947, all patients with thyroid car- 
cinomas evaluated in the Nuclear Medicine 
Unit have been treated in an identical 
fashion.” 

Initial studies have included a complete 
medical history and physical examination. 
Routinely performed at each visit were 
roentgenograms of the chest, blood cell 
count, serum protein-bound iodine concen- 
tration, 24-hour thyroid sodium iodide I 
131 uptake determination, and scintiscans 
of the neck and other sites as indicated. 
One hundred to 300 microcuries of sodium 
iodide I 131 were used for scintiscans in 
those with proved carcinomas or suspected 
metastatic spread. A 13x 5-em sodium io- 
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dide crystal has been used in recent years 
fer scintiscan studies. 

During this 26-year period. most pa- 
tients considered for sodium iodide I 131 
therapy were first treated surgically by to- 
tal thyroidectomy and excision of all pal- 
pable cervical lympk nodes. During the 
earlier part of this period, most patients 
with cervical metastases had formal radi- 
cal neck dissections performed. Modified 
neck dissections or regional excisions of 
lymph nodes have been more commonly 
used in recent years. Following operation, 
all thyroid- and iodime-containing medi- 
cations were withheld for a period of six 
weeks. Only after postoperative scinti- 
Scams revealed significant concentrations 
of sodium iodide I 131 in the neck or other 
sites was a therapeutic dose of sodium io- 
dide I 131 administer2d. 

Follow-up studies using sodium iodide I 
181 scintiscans were initially performed 
from three months te one year following 
the first treatment dose of sodium iodide I 
181. These were done only after thyroid 
medications had been discontinued for six 
weeks. Therapeutic dcses of socium iodide 
I 181 were given until che patient was com- 
pletely myxedemateus and all evidence of 
sodium iodide I 131 uptake by scintiscan 
had disappeared or, until the total accrued 
dose of radiation suzgested radioresist- 
ance or appeared excessively dangerous. In 
patients under 30 years of age, the limiting 
total dose was usually 500 millicuries and 
for those over that age, 800 millicuries. All 
patients were placed on full replacement 
doses of desiccated thyroid (192 mg/day) 
orsynthetic equivalen= after completion of 
sodium iodide I 131 therapy. At yearly in- 
tervals for five years and at five-year in- 
tervals thereafter, thyroid medications 
were discontinued for six weeks and the 
patients were reevaluated. 

Thirty-six patients from the total group 
of 383 studied and treated were found to 
have metastatic carcinomas remote from 
the neck or mediastinel regions. These pa- 
tients all demonstrated some zoncentra- 
tion of sodium iodide I 131 within their me- 
tastases as determinec by scintiscans. The 
presence of remote metastases was ini- 
tially suspected on the basis of clinical 
symptoms, roentgenograms, or biopsy. In 
most cases, scintiscan evidence of remote 
metastases was confirmed by either roent- 
genogram or biopsy. In a few patients 
with scintiscan evidence of pulmonary me- 
tastases, reentgenogrems showed no sig- 
nificant changes. Confirmation of the diag- 
nosis was based on significant response to 
sodium iodide I 131 therapy. In more re- 
centcases, a needle bicpsy of the lung has 
been used to confirm the presence of pul- 
monary metastasis suspected to originate 
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from primary thyroid neoplasms prior to 
radioactive iodine therapy. These 36 pa- 
tients, observed until death or the present 
time, are the basis for this article. Survival 
times have been calculated from the dates 
at which a carcinoma of the thyroid was 
first established, the first known presence 
of distant metastases, and the onset of ra- 
dioactive iodine therapy. 


Results 


Histology.—In 28 (78%) patients, the 
neoplasms were classified as papil- 
lary. This diagnosis was made if the 
initial specimen contained any papil- 
lary elements. Included were some 
carcinomas that were predominantly 
follicular in architecture. Eight carci- 
nomas were classified as follicular 
and contained no papillary changes. 
Although Hiirthle cell changes were 
present in some tumors, none were 
clearly considered Hiirthle cell tu- 
mors. None of the 36 carcinomas 
showed evidence of anaplastic degen- 
eration at the time of original diag- 
nosis or when sodium iodide I 131 
therapy was initiated. 

Age and Sex.—The average age of 
the 28 patients with papillary carci- 
nomas was 32.5 years (range, 6 to 69 
years) at the time of diagnosis. Sev- 
enteen female patients with an aver- 
age age of 31.9 years and 11 male pa- 
tients with an average age of 32.7 
years comprise this series. Papillary 
carcinoma patients were less than 40 
years of age in 68% of this series. 
Only two patients (25%) of eight with 
follicular carcinomas were less than 
40 years of age at the time of diag- 
nosis. The average age of patients 
with follicular carcinomas was 49.8 
years (range, 33 to 61 years). This 
group included five women and three 
men. The average age for the entire 
group with differentiated tumors was 
36.0 years. Only 14 of 36 patients 
(39%) were more than 40 years of age. 

Location of Metastases.—All 36 pa- 
tients had pulmonary metastases 
proved by chest roentgenogram, so- 
dium iodide I 131 scintiscan, biopsy, 
or autopsy study. In addition to pul- 
monary metastases, 6 of 28 (21%) pa- 
tients with papillary carcinomas also 
had metastases to bone. One half of 
those with follicular carcinomas had 
demonstrated concomitant lung and 
bone metastases at the time of initial 


sodium iodide I 131 therapy. None of 
these patients had evidence of other 
soft tissue metastases remote from 
the neck at the time of treatment. 
The majority of patients (21 of 36) 
had evidence of cervical metastases 
proved at operation or by scintiscan 
prior to their first therapeutic dose of 
sodium iodide I 131. 

Follow-Up.—The average follow-up 
from the diagnosis of thyroid carci- 
noma was 14.9 years, with a range 
from 1 to 40 years. The follow-up pe- 
riod from the first therapeutic dose of 
sodium iodide I 131 averaged 11.4 
years. The average follow-up from 
initial soidum iodide I 131 therapy 
was 15 years for survivors. 

Twenty of 28 patients with papil- 
lary carcinomas have been observed 
for at least ten years, and half of 
these have reached or passed the 20 
year follow-up mark. One patient in 
this group, a 17-year-old girl, under- 
went a near-total thyroidectomy in 
1933. She developed pulmonary me- 
tastases 22 years later and was first 
treated with sodium iodide I 131 in 
1956. She has been clinically free of 
thyroid neoplasms for the past 15 
years and is currently in good health 
at age 57 years. Four of eight pa- 
tients with follicular carcinomas have 
been observed for at least 15 years. 
Three of these have survived for more 
than 20 years. This small group of pa- 
tients currently averages 68 years of 
age. 

Surgical Therapy.—Twenty-eight pa- 
tients (78%) underwent total thyroid- 
ectomy before their first treatment 
with sodium iodide I 131. Nineteen 
were done as a one-stage procedure. 
A total thyroidectomy was completed 
as a second operation from one week 
to 15 years following a subtotal thy- 
roidectomy in nine patients. Seven 
extensive subtotal thyroidectomies 
were done in patients where the local 
extent of the tumor prevented a total 
removal of the gland. In one patient, 
a 59-year-old man, only a biopsy was 
done in 1944. This patient had an ex- 
tensive papillary carcinoma with pul- 
monary and cervical vertebral metas- 
tases. He was treated with both 
external radiation and 240 millicuries 
of sodium iodide I 131 from 1947 to 
1949, but died six years after diag- 
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nosis in 1950. In addition to thyroid- 
ectomy, 20 patients had either radical 
neck or regional node dissections per- 
formed for cervical metastases. Bilat- 
eral neck procedures were done in 
seven patients. It has been our policy 
during the past 20 years to perform 
total thyroidectomies in all patients 
with differentiated thyroid neoplasms 
in one stage when the diagnosis has 
been confirmed on frozen section 
study. When patients have been re- 
ferred for possible sodium iodide I 131 
therapy after a subtotal resection, we 
have done total thyroidectomies be- 
fore scintiscan evaluations. Early in 
this study period, most patients with 
cervical metastases had standard 
radical neck dissections performed. 
During the past decade, the majority 
have had either modified radical neck 
dissections or regional excision of 
metastatic lymph nodes including 
any superior mediastinal spread. 

Radioactive Iodine Therapy.— 
Twenty-eight patients with distant 
metastases from papillary carcinomas 
received 383.2 millicuries sodium io- 
dide I 181 as an average total dose. 
Only one patient received more than 
800 millicuries, which has been deter- 
mined to be a safe total dose in an 
adult. The patient was 62 years of age 
when she underwent a total thyroid- 
ectomy in 1949 for papillary carci- 
noma. Metastases were evident in 
both lung and dorsal spine on roent- 
genograms. From 1949 to 1956, she 
received a total of 1142.7 millicuries 
of sodium iodide I 131. She died in 
1957, eight years after initial treat- 
ment from further progression of her 
carcinoma. 

The average total dose of sodium 
iodide I 131 given to eight patients 
with follicular carcinomas was 571.2 
millicuries. Two patients in this 
group received more than 800 milli- 
curies of sodium iodide I 131, and 
both died of their disease. One pa- 
tient, a 57-year-old woman, had a 
subtotal thyroidectomy in 1947 for 
follicular carcinoma. In 1956, after 
pulmonary metastases were found on 
chest roentgenograms, a total thy- 
roidectomy was done. She was given a 
total of 1,140 millicuries of sodium io- 
dide I 131 from 1956 through 1961. 
This patient died from follicular car- 
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cinoma in 1964, 17 years after diag- 
nosis. The other patient was 52 years 
of age in 1957 when a total thyroidec- 
tomy was performed for follicular 
carcinoma with metastases to lungs, 
and cervical and dorsal spine. A total 
dose of 1016.5 millicuries was given 
during the five-year period from 1958 
through 1963. Although the chest 
roentgenogram reverted to normal, 
progressive bone disease caused her 
death in 1964; seven years after the 
initial diagnosis. 

Single doses of 150 to 199 milli- 
curies were most commonly given for 
proven metastatic disease. No patient 
was given a single dose exceeding 200 
millicuries. Interval doses as often as 
every three months were given until 
an abnormal chest roentgenogram re- 
verted to normal or until demon- 
strable sodium iodide I 131 concentra- 
tion in the neoplasm had disappeared. 
In the past decade we have seldom re- 
peated treatment doses in less than 
one year in order to allow adequate 
bone marrow recovery. More than a 
500-millicurie total dose was only 
given to patients under 30 years of 
age after careful consideration. Usu- 
ally subsequent treatment doses were 
not repeated until after age 30 years. 

There were no patients who devel- 
oped leukemia during their course of 
therapy or in the follow-up period. 
One patient who had chronic lympho- 
eytic leukemia when thyroid carci- 
noma was found was treated with so- 
dium iodide I 131 because of bone and 
lung metastases five years ago. He is 
alive with his leukemia in a stable 
state. No patients have developed 
aplastic anemia. Two patients with 
advanced pulmonary metastases and 
significant pulmonary dysfunction 
have been treated with sodium iodide 
I 131. One of these patients had se- 
vere bronchiectasis. He is currently 
alive, but has evidence of pulmonary 
hypertension. The other patient had 
extensive pulmonary metastases 
from papillary carcinoma causing 
dyspnea and cyanosis. This patient 
recently died from her metastatic dis- 
ease following several therapeutic 
doses of sodium iodide I 131. Her 
death was attributed to the advanced 
stage of disease rather than radiation 
pneumonitis or fibrosis. One patient 


developed hepatocellular carcinoma 
nine years after an apparent “cure” 
of his thyroid carcinoma. The rela- 
tionship of this neoplasm to sodium 
iodide I 131 is conjectural, since mul- 
tiple carcinomas, including cholangio- 
carcinomas, have occurred in patients 
with thyroid carcinomas not receiving 
sodium iodide I 131 therapy.'*-'* There 
have been no reported cases of hep- 
atocellular carcinomas occurring in 
patients treated with sodium iodide I 
181. 

Mortality.—Metastatic thyroid car- 
cinomas were the cause of death in 
ten of the 36 patients (27.8%) treated 
with sodium iodide I 131. The average 
survival, from diagnosis until death, 
was eight years (range, 3 to 17 years). 
Six of the ten patients had both lung 
and bone metastases. The primary 
neoplasm was papillary in six pa- 
tients and follicular in four. The aver- 
age age at diagnosis was 55.3 years 
(range, 22 to 69 years). An additional 
three patients died from other dis- 
eases. The causes of death in these 
patients were (1) peritonitis second- 
ary to infarcted bowel 15 years after 
sodium iodide I 131 therapy for lung 
and bone metastastes, (2) hepato- 
cellular carcinoma nine years after 
sodium iodide I 131 therapy for pul- 
monary metastases, (3) myocardial 
infarction two years after ablation of 
pulmonary metastases with sodium 
iodide I 131. The average survival 
time for the remaining 23 patients 
was 15 years. For patients under 40 
years of age with papillary carci- 
nomas, the survival was 17 of 19 
(86.3%). For those patients over 40 
years of age, only three of nine sur- 
vived (33%). One of two patients un- 
der 40 years of age with follicular car- 
cinomas survived. Three of six over 40 
years of age survived. 

Bone Metastases.—-There were 
seven deaths in the group of ten pa- 
tients initially treated with sodium 
iodide I 131 for bone metastases. All 
of these patients were 39 years of age 
or older. Although none died during 
the first five years after treatment, 
all but one died during the ensuing 
five-year period. One patient died 15 
years after therapy from peritonitis. 
The three survivors with metastastic 
bone disease have been observed for 
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Fig |.—Largeosteolytic lesion of right ileum prior to total thyroid- Fig 2.—Preoperative sodium iodide | 131 thyroid scan demon- 
ectomy and sodium iodice | 131 therapy. strating left lower thyroid lobe ‘‘cold’’ area. 


Fig 3.—Sodium iodide | 131 scintiscan of pelvis demonstrating 
uptakedn distart metastases of right ileum prior to total thyroidec- Fig 4.—Sclerosis of iliac distant metastases two years after total 
tomy. thyroidectomy and sodium iodide | 131 therapy. 
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15 years, 25 years, and 6 years. 
Whether these patients have been 
“cured” of their disease is unknown. 
They certainly have received sig- 
nificant palliation. The following 
case summary illustrates manage- 
ment principles in this group of pa- 
tients. 

Report of a Case.—This 56-year-old male 
patient was referred to the University 
Hospital in 1967 after an open bone biopsy 
of the right ileum. This was done because 
of roentgenographic evidence of a large os- 
teolytic lesion (Fig 1). This was diagnosed 
as metastatic follicular carcinoma of the 
thyroid. On physical examination, a nodule 
measuring 2X3 cm was palpated within 
the lower pole of the left thyroid lobe. 
From laboratory studies it was found that 
the patient had chronic lymphocytic leuke- 
mia. Sodium iodide I 131 scintiscan demon- 
strated a cold area in the left thyroid lobe 
and significant uptake in the right ileum 
and both lungs (Fig 2 and 3). A total thy- 
roidectomy was performed, and the pres- 
ence of a primary follicular carcinoma was 
confirmed. During the next two years a to- 
tal dose of 347 millicuries of sodium iodide 
I 131 was administered. Shortly after the 
first dose the patient’s bone pain dis- 
appeared and has not recurred. Roentgen- 
ograms of the right hip have shown no fur- 
ther progression, and there is marked 
sclerosis in the region of the neoplasm (Fig 
4). The patient has been working during 
the past five years. He was recently read- 
mitted to the hospital for an elective her- 
niorrhaphy from which he recovered with- 
out significant problems. 

This patient’s bone metastases 
showed concentration of radioactive 
iodine despite the fact that the thy- 
roid gland had not been excised. The 
primary thyroid tumor, on the other 
hand, was “cold.” Concentration of 
sodium iodide I 131 does occur au- 
tonomously in a small percentage of 
patients with metastatic follicular 
carcinomas.” Marked enhancement 
of uptake occurred after thyroidec- 
tomy. Because complete regression of 
bone sodium iodide I 131 concentra- 
tion rarely if ever occurs after ther- 
apy, it is unlikely that all of the neo- 
plasm has been completely destroyed 
in such patients. It is speculated that 
in those patients who have long-term 
arrest of metastatic activity in bone, 
radioactive iodine therapy has de- 
stoyed the more sensitive ability of 
tumor cells to replicate. Even though 
the more radioresistant ability of tu- 


414 Arch Surg/Vol 108, April 1974 


mor cells to concentrate iodine per- 
sists, these tumors may, for practical 
considerations, be considered con- 
trolled. 

_ Lung Metastases.—In the group of 
26 patients with pulmonary metas- 
tases only, there were six deaths, four 
of which were caused by thyroid car- 
cinomas. One patient died at age 23, 
ten years after a total thyroidectomy 
for papillary carcinoma. During the 
three-year period after operation, he 
received a total dose of 607 millicuries 
for pulmonary metastases and be- 
came clinically free of thyroid carci- 
nomas for seven years. Following a 
declining course of one year’s dura- 
tion, this patient died from hepato- 
cellular carcinoma. The second death 
not associated with thyroid cancer re- 
sulted from a well-documented myo- 
cardial infarction in a 68-year-old 
woman, two years after sodium iodide 
I 131 therapy. Three of the four carci- 
noma fatalities occurred in patients 
aged 72, 69, and 74 years who had 
been treated three years, eight years, 
and 17 years, respectively, before 
death. Only one death from thyroid 
carcinoma occurred in a patient under 
40 years of age. Because this patient’s 
course is so exceptional, a more de- 
tailed summary follows. 


Report of a Case.—This 22-year-old white 
woman was noted to have a neck mass dur- 
ing the third trimester of her first preg- 
nancy in 1962. Six weeks postpartum, a to- 
tal thyroidectomy and left neck dissection 
were done for papillary carcinoma. She 
was placed on 180 mg thyroid daily and re- 
ceived cobalt radiation to the neck. Nine 
months later a right radical neck dis- 
section was done for clinically apparent 
metastases. One year later, chest roent- 
genograms demonstrated fine granular in- 
filtrates bilaterally. A sodium iodide I 131 
scintiscan was abnormal. During the next 
two months these densities enlarged, and 
she was given 84 millicuries sodium iodide 
I 131. For the next year there was no evi- 
dence of sodium iodide I 131 concentration 
in either neck or lungs. She was taking up 
to 300 mg of desiccated thyroid daily dur- 
ing this period. Two years later, multiple 
densities were again seen on chest roent- 
genograms. In 1968, after another year on 
large doses of thyroid, marked uptake of 
sodium iodide I 131 was noted in both 
lungs. She was given 100 millicuries of so- 
dium iodide I 131. Three years later her 
chest roentgenograms continued to show 





Fig 5.—Continued pulmonary metastases 
despite total thyroidectomy and sodium io- 
dide | 131 and desiccated thyroid therapy. 





Fig 6.—Sodium iodide | 131 scintiscan of 
lung and neck demonstrating concentration 
in lungs despite continuing therapy. 


Fig 7.—Concentration of sodium iodide | 
131 in lungs present, but decreased. 
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Fig 8.—Secum iodide | 131 scintiscan of 
neck and lunes six weeks after total thyroid- 
ectomy and left cervical regional lymph 
node disseetmn. 
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Fig 9.—Secend scan of neck and lungs 
three months. after therapy with 150 milli- 
curies of sodiam iodide | 131. 


Fig 10.—Nermal chest roentgenogram 
three months after therapy with sodium io- 
dide | 131. 
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nodular densities and pleural thickening 
(Fig 5). Her daily thyroid dose was de- 
creased from 300 mg to 150 mg per day be- 
cause of progressive weight loss from 54 
kg (120 lb) to 36 kg (80 lb). At her first visit 
to the University Hospital in December 
1972, she complained of dyspnea. Blood gas 
levels were abnormal; oxygen pressure 
(Po,) then was 64 mm Hg. Pulmonary 
function studies demonstrated a decreased 
vital capacity. Scintiscan showed marked 
sodium iodide I 131 concentration in both 
lungs (Fig 6). Following hospitalization in 
January 1973, 150 millicuries of sodium io- 
dide I 131 were administered and tolerated 
well. Readmission to the hospital occurred 
in May 1973 because of increasing dysp- 
nea. Although her chest roentgenogram 
appeared slightly improved, sodium iodide 
I 131 scintiscan showed continued pulmo- 
nary concentration of iodine (Fig 7). A sec- 
ond 150-millicurie dose of sodium iodide I 
131 was given and thyroid therapy re 
sumed. Three months later a spontaneous 
pneumothorax occurred, necessitating tho- 
ractomy tube drainage. Her Po, showed 
further decrease to 50 mm Hg. During the 
following month she did fairly well. In Oc- 
tober 1973, right ventricular failure devel- 
oped, requiring hospital treatment. With 
improvement, she returned home on inter- 
mittent oxygen therapy. Death occurred 
suddenly on Nov 5, 1973. Autopsy con- 
firmed the presence of pulmonary metas- 
tases nearly replacing both lungs. His- 
tologic study of the lungs showed a 
well-differentiated papillary carcinoma 
with no evidence of anaplastic changes. 
Furthermore, there was no evidence of ra- 
diation pneumonitis or fibrosis. This pa- 
tient had a very aggressive papillary carci- 
noma that was not influenced by thyroid 
suppressive therapy. No evaluation by so- 
dium iodide I 131 scintiscan was made for 
pulmonary metastases until they were ob- 
vious on chest roentgenogram two years 
after thyroidectomy. Her initial therapeu- 
tic dose of 84 millicuries is considered 
inadequate for pulmonary metastases. Ex- 
perience has shown that between 150 and 
200 millicuries is more likely to be effec- 
tive. This patient may be an example of 
the rare individual under age 40 years with 
a differentiated tumor, demonstrating ra- 
dioresistance despite ability to concentrate 
sodium iodide I 131. It would appear more 
likely, however, that she received inade- 
quate treatment until her metastases had 
progressed to the point that pulmonary in- 
sufficiency and right ventricular heart fail- 
ure resulted in her death. The possible 
dangers of radiation pneumonitis or pul- 
monary fibrosis must also be considered in 
patients with extensive involvement of 
both lungs. The earliest possible diagnosis 


and adequate treatment of pulmonary me 
tastases is critical in some cases. 


Twenty patients with pulmonary 
metastases are currently alive. The 
average age at diagnosis for 18 
patients (6 male, 12 female) with pap- 
illary cancer was 22.4 years. Their 
follow-up period since diagnosis aver- 
ages 19.8 years. The average follow- 
up since radioactive iodine therapy 
for pulmonary metastases is 14 years. 
There are two female survivors with 
follicular carcinoma whose diagnoses 
were made 17 and 24 years ago. They 
have been observed for 15 and 19 
years, respectively, since sodium io- 
dide I 131 therapy. The following case 
summary of a recent patient is repre- 
sentative. 

Report of a Case.—A 22-year-old white 
female secretary sought medical advice for 
a mass in her left neck which she felt had 
been present for at least six years. She was 
admitted to the University Hospital in 
July 1972 with a clinical diagnosis of 
thyroid carcinoma with left cervical node 
metastases. Chest roentgenograms were 
normal. At operation, an obvious primary 
neoplasm in the left lobe of the thyroid 
was found. A total thyroidectomy and ex- 
tensive left regional lymphatic dissection 
was done after frozen section biopsy of a 
lymph node showed papillary carcinoma. 
Following an uneventful postoperative 
course, she returned to the hospital six 
weeks later for follow-up sodium iodide I 
131 scintiscan studies of the neck and 
lungs. A second chest roentgenogram at 
that time showed small nodular densities 
in both lungs, not apparent seven weeks 
earlier. Sodium iodide I 181 scintiscan 
demonstrated concentration in these areas 
(Fig 8). The patient was given 150 milli- 
curies of sodium iodide I 131 in September 
1972 that she tolerated well. On her return 
in December 1972, after discontinuing re- 
placement thyroid therapy, another scan 
(Fig 9) showed no areas of pulmonary con- 
centration and a chest roentgenegram was 
entirely normal (Fig 10). She has been on 
thyroid replacement since, and all follow- 
up studies done in September 1973 were 
normal. 

This patient showed evidence of 
pulmonary metastases in the six-week 
interval following total thyroidec- 
tomy. It is presumed that endoge- 
nous production of thyroid stimulat- 
ing hormone (TSH) enhaneed their 
growth as well as ability to concen- 
trate sodium iodide I 131. Thus early 
treatment with a therapeutic dose of 
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sodium iodide I 131 was given, result- 
ing in a return of her chest roentgen- 
ogram to normal. From similar expe- 
riences, it is anticipated that she will 
continue to do well. 

The five-year survival rate in the 26 
patients with pulmonary metastases 
was 92%. Unlike that at 10 years, for 
patients with bone involvement, the 
survival rate remained high, 87%. 
Even when deaths unrelated to thy- 
roid carcinomas are included, the sur- 
vival rate at 20 years after diagnosis 
is 67%. The 15-year survival after 
therapy with sodium iodide I 131 is 
71%. 


Comment 


The primary treatment of differ- 
entiated thyroid carcinomas and ac- 
cessible cervical mestastases is com- 
plete surgical excision followed by 
thyroid replacement therapy. The ma- 
jority of patients so treated can be 
expected to enjoy normal life expec- 
tancy. 

A small percentage of patients, 
however, will already have remote 
metastatic spread at the time of ini- 
tial surgical treatment. Other pa- 
tients, because of inadequate primary 
treatment, will subsequently develop 
distant metastases. Ultimately, most 
of these patients have, in the past, 
died from their neoplasms. 

With the introduction of sodium io- 
dide I 131 three decades ago, it was 
hoped that many of these patients 
could be effectively treated. The in- 
consistency of results reported since 
attests to the fact that treatment 
with sodium iodide I 131 is neither 
simple nor a “cure-all.” Various fac- 
tors including tumor structure, loca- 
tion, radiosensitivity, age of patient, 
presence or absence of normal thy- 
roid, timing of administration, and 
individual and total dose have all 
been identified as influencing the out- 
come of therapy.**'*" 

Few long-term results following 
treatment of distant metastatic thy- 
roid carcinomas have been reported. 
Many questions remain unanswered. 
This investigation has been an at- 
tempt to answer some of them. 

Obviously the population of thyroid 
cancer patients studied in this article 
represents a highly selected group. 
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During the 26-year period considered, 
384 thyroidectomies were done for 
differentiated thyroid carcinomas at 
the University Hospital. Approxi- 
mately 5% of these patients initially 
had or developed remote metastases. 
During the same time period, 333 pa- 
tients received sodium iodide I 131. 
Approximately half of these patients 
were referred following thyroidec- 
tomy done at another hospital. Typi- 
cally, the majority of patients with 
differentiated carcinomas are under 
40 years of age at diagnosis. In our 
384 patients, 71% of those with papil- 
lary and 57% of those with follicular 
carcinomas were diagnosed prior to 
age 40 years. We have no way of 
knowing with certainty the number 
of patients with distant metastases 
from papillary and follicular carci- 
nomas that were not candidates for 
radioactive iodine therapy and hence 
were not treated. We have seen no 
patient under age 40, however, with 
differentiated distant metastases 
that failed to concentrate sodium 
iodide I 131 following total thyroidec- 
tomy or radioactive iodine ablation of 
all normal thyroid tissue. Concentra- 
tion of iodine often does not occur for 
four to six weeks following such 
treatment. In patients with papillary 
neoplasms who are over age 60 years, 
failure to concentrate radioactive io- 
dine is not rare and patients in this 
age group may not always be candi- 
dates for therapy. 

Pochin has estimated that 80% of 
all patients with differentiated tu- 
mors are candidates for radioactive 
iodine therapy when inoperable 
spread of thyroid cancer has oc- 
curred.’ In his experience, at least 
50% can be expected to have an excel- 
lent response and another 25% may 
have good palliation.” 

It is apparent that radioactive io- 
dine greatly prolonged the life in the 
majority of patients in our selected 
group treated. These patients repre- 
sented failure of surgical therapy and 
often showed progressive disease 
while on suppressive doses of desic- 
cated thyroid. The overall mortality 
of 27.8%, with an average follow-up of 
15 years, is compared to reported fig- 
ures of approximately 75% at five 
years for patients with remote metas- 


tases from follicular and_ papillary 
carcinomas.'* The age factor is again 
shown to be important in this group 
of patients. Nearly all patients under 
40 years of age have been palliated 
greatly or “cured” of their neoplasm. 
It is also apparent, however, that 
some older patients with either papil- 
lary or follicular carcinomas may be 
similarly categorized. The prognosis 
of patients with bone metastases has 
been shown to be less favorable than 
those with only pulmonary metas- 
tases.” Although our results are 
similar, we are encouraged by the pal- 
liation given to most patients and the 
“cure” achieved in several others with 
bone lesions. 

There were no apparent serious 
complications resulting from radio- 
active iodine therapy in this series of 
patients. Pochin, in his large series of 
inoperable thyroid carcinomas, has 
reported a 9% incidence of bone mar- 
row complications including aplastic 
anemia and leukemia.’ Additional 
complications occurring from radio- 
active iodine therapy are acute radia- 
tion pneumonitis, pulmonary fibrosis, 
and the development of anaplastic 
carcinomas.”* In most cases where 
anaplastic changes have occurred, to- 
tal thyroidectomy has not preceded 
radioactive iodine therapy. 

How do the results of this study in- 
fluence the initial surgical therapy for 
differentiated thyroid carcinomas? It 
has been our philosophy for the past 
two decades that, if radioactive iodine 
is to be effective in both diagnosis and 
therapy of metastatic disease, a total 
thyroidectomy should be done as a 
primary operation, providing it could 
be accomplished with minimal mor- 
bidity. Perhaps it may justifiably be 
stated that this may represent “over- 
kill” for many patients with localized 
differentiated tumors. Unfortunately, 
at the present time there are no histo- 
logical means for identifying those 
well-differentiated thyroid carcino- 
mas that may eventually cause the 
patient’s death and treating them 
differently from the majority that 
may be cured by thyroid lobectomy. It 
is in order to further reduce the mor- 
tality from differentiated neoplasms 
that we continue to embrace this phi- 
losophy. 
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During the past 16 years, 252 pa- 
tients have had total thyroidectomies 


| fer differentiated earcinomas at the 


' 
- 


_ 


University Hospital. The incidence of 
permanent hypoparathy-oidism and 


_ recurrent aryngeal nerve injury has 


been under 4%." The mertality from 


papillary carcinomas was-2.4% and for 


follicular carcinomas 3.15. 
It is our impression that total thy- 


- roidectomy, appropriate l>mphatic ex- 


cisions, amd radioactive iodine ther- 
apy when ndicated have lowered the 
mortality trom differentiated thyroid 
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Car P. ScHuicke, MD, Spokane, Wash: 
Our experiences have in maay ways been 
similar to taose of Dr. Hill and his col- 
leagues. In the past ten years there has 
been a striking reduction in he number of 
thyroidectormies performed st cur institu- 
tion. However, many cf these patients had 
not been on thyroid suppressive therapy, 
so-obviously there are numerous other fac- 
tors involved besides the administration 
ef exogenous thyroid hormame. Since the 
number of patients operatec or for carci- 
nomas has remained surprisiagly constant, 
and since the greatest falloff in <hyroid op- 
erations has been on patients with nodular 
gaiter and sclitary nodules, we too have ex- 
perienced a relative increase in the inci- 
dence of glands found by our pathologists 
to contain carcinomas. I do not feel that 
the data suggest an explosiv epidemic of 
thyroid cancer. 
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carcinomas. Radioactive iodine ther- 
apy is the most effective therapy 
available for remote metastases from 
differentiated thyroid neoplasms. It is 
highly successful in patients under 40 
years of age with papillary carci- 
nomas and in some patients in all age 
groups with follicular carcinomas. Pa- 
tients over 60 years of age with papil- 
lary carcinomas are least likely to re- 
spond, but may do so if radioactive 
iodine concentration can be demon- 
strated. Pulmonary metastases ap- 
pear to be significantly more radio- 
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Discussion 


The use of suppressive therapy is cer- 
tainly not the panacea some would make it 
out to be, but if it helps focus the attention 
of internists on the nodules that do not 
regress or that become relatively more 
prominent as the remainder of the gland 
shrinks, it may at least lead to earlier diag- 
nosis and appropriate treatment of thyroid 
malignancy. This is suggested by the au- 
thors’ observation that the incidence of 
cervical metastasis was significantly less 
in a group of patients subjected to routine 
suppressive treatment. Also, it is impor- 
tant to note, as Dr. Hill has pointed out 
here as well as in a previous article, that 
the fact that a given nodule decreases in 
size with suppressive therapy does not af- 
ford unequivocal assurance of benignancy. 

What do we accomplish by administer- 
ing exogenous thyroid? Hopefully, we re- 
move the stimulus to thyroid hyperplasia by 


i 


dicated, however, as long-term pallia- 
tion and perhaps cure may result in 
some cases. 
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inhibition of TSH, an action independent 
of the cause of the goiter undergoing 
treatment. Others have not been as uni- 
formly successful as Astwood in obtaining 
the desired therapeutic response that has 
led him to conclude that nodular goiter is a 
benign process since he has not seen carci- 
nomas develop among his treated patients 
over a period of 20 years. Selenkow and 
Robin observe that, despite many years of 
surgical therapy for goiter and thyroid 


nodules, there is little to show for any © 


change in statistical benefits from surgical 
excision as opposed to either no therapy or 
thryoid suppression. Others speak of 
“traumatic augmentation of malignancy” 
and contend that the high incidence of 
death from cancer in surgical reports com- 
pared to autopsy figures indicates that op- 
eration may do more harm than good. 
How is one to account for the extremes 
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of opinion regarding the incidence and 
hormone dependence of thyroid neo- 
plasms? (1) Selectivity: Patients in whom 
there is high suspicion or unequivocal evi- 
dence of malignancy find their way to the 
surgeon, not the internist. (2) Variability 
of neoplastic behavior: Conclusions such as 
Astwood’s regarding the natural course of 
thyroid cancer based on clinical findings 
without biopsy are at best presumptive. 
Even conclusions based on biopsy may be 
misleading, since in certain instances 
biopsy itself may be curative. (3) Long- 
term course of well-differentiated thyroid 
neoplasms: Ten years of observation would 
appear to be the absolute mimimum for 
evaluating the malignant potential of a 
given nodule. (4) The lack of any reliable 
laboratory aid in differentiating benign 
from malignant thyroid disease: Hoffman 
et al found scintiscans normal in 22% of 
patients with carcinomas and some uptake 
in 40%, whereas 60% of patients with be- 
nign nodules showed nonfunction. Auto- 
immune studies in general are of no value, 
and it is only in the rare medullary carci- 
noma that a radioimmune assay for thyro- 
calcitonin may be helpful. (5) Total lack of 
uniformity of most studies dealing with 
this subject. 

RicHARD H. Jesse, MD, Houston: Dr. 
Hill has brought up an interesting discus- 
sion showing that, because his internist 
group is depending on suppression of thy- 
roid nodules by thyroid extract, the ones 
that finally come to operation show a high 
incidence of cancer. This certainly brings 
up the validity of the supposition that thy- 


roid extract is suppressive in every patient 


with well-differentiated (papillary and fol- 
licular) carcinoma of the thyroid. There is 
no evidence that this is a valid statement 
for every patient. We have three pieces of 
evidence which help show this. 

In the M.D. Anderson experience, where 


everyone with thyroid cancer gets a total 


thyroidectomy, thyroid replacement of at 
least 3 grains a day is given to bring the 
patient to a euthyroid state. Of 700 pa- 
tients so treated, 34% have had the appear- 
ance of new disease or progression of the 
size of the metastasis. 

I would like to steal a little thunder from 
a respected member of this society, Dr. 
George Block, whose editorial in 1971 in 
Surgery, Gynecology and Obstetrics 
showed the following: 38% of 130 patients 
who received suppressive therapy after a 
surgical procedure for papillary carcinoma 
of the thyroid developed recurrence or me- 
tastasis, while 17% not receiving suppres- 
sive therapy developed recurrence. In the 
follicular group, 50% of those receiving 
suppressive hormone therapy developed 
recurrence, whereas 19% of those not re- 
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ceiving suppressive therapy developed re- 
currence. Dr. Block’s own comment states 
that this is not a controlled series, and per- 
haps the reason that some patients did not 
receive suppressive therapy was because 
the surgeon did not think it was necessary 
since the disease was either smaller to be- 
gin with or was more adequately resected. 
However, the figures are very similar to 
the M.D. Anderson figures. 

In a personal communication, Dr. Sutow 
of the Pediatric Department at M.D. An- 
derson, describes an atomic bomb test in 
the Bikini Islands where there was a radio- 
active fallout to which the natives who 
were on land at the time were exposed. 
There was a control group who were out in 
fishing boats at the time and were not ex- 
posed to the fallout. Subsequent periodic 
examinations of both groups revealed thy- 
roid nodules in a higher incidence in the 
group exposed to the fallout. In an effort to 
protect the exposed group from developing 
further nodules, they were given thyroid 
extract to suppress TSH. The incidence of 
thyroid nodules, both benign and malig- 
nant, continued to increase while on the 
suppressive therapy. 

Since Dr. Hill has shown that thyroidec- 
tomy in his hands carried no mortality, 
this should get rid of the internist’s major 
argument against operation. The second 
argument, that no one dies of differ- 
entiated thyroid cancer, is untrue. There 
were 13% of thyroid deaths in Dr. Hill’s 
series at five years. In our series, 8% die of 
differentiated thyroid carcinomas. I think, 
therefore, that the internist should exam- 
ine the policy of routinely suppressing pa- 
tients with thyroid extract and be more 
selective. Until we have definite means of 
diagnosing all nodules with precision as we 
do the medullary cancers with serum cal- 
citonin levels, the internist should be more 
eager to refer those patients whose nod- 
ules do not go away with thyroid extract 
for early surgery. 

R. LEE CLARK, MD, Houston: I believe 
the point that exogenous thyroid hormone 
does not suppress cancer is a very impor- 
tant one. We have not seen any more accu- 
rate proof of its real role. 

In our own practice we have observed 
that thyroid hormone did not suppress any 
type of thyroid carcinoma, and we have 
not used as a routine the discriminatory 
practice of giving this in advance of the 
biopsy. 

Generally we have made the diagnosis 
by physical examination. Often the patient 
who is referred to us is already suspected 
of having cancer and very frequently has a 
fairly well-advanced malignancy that is 
not too difficult to discern. This is partic- 
ularly true if it is a fast-growing tumor, or 


if the history brings out the fact that there 
has been a sudden acceleration of growth 
of an old, longstanding nodule or nodules. 
So the emphasis here on a joint evaluation 
by internist and surgeon is one we heart- 
ily recommend. We have a thyroid study 
group in our institution, and the internist 
insists that the surgeon assess the physical 
characteristics of the patient before a final 
decision is determined on what procedure 
to follow. Often the internist is the one 
who urges that we determine the nature of 
the lesion rather than prolong the eval- 
uation over a period of months. But cer- 
tainly for most of these lesions, you can 
diagnose the rapidly growing, undifferen- 
tiated carcinoma pretty readily by the his- 
tory and the physical examination. In the 
equivocal cases, one need not feel any loss 
of valuable time occurs by allowing a few 
weeks or, at the most, three months, for 
the patient to be receiving the exogenous 
hormone. If you do find suppression of the 
growth of the nodule, you can be rather 
confident that it is not a malignancy, par- 
ticularly if it picks up radioactive iodine. 

The solitary nodule often is the in- 
triguing one and the one which you believe 
you can do the best by. We notice, how- 
ever, that in our medullary (solid) carci- 
nomas this is untrue because the cancer in 
the gland is almost universally bilateral, 
and the nodules may be bilateral, but the 
density of them does help you to determine 
the nature of the carcinoma. Now we have 
the radioimmune assay to determine the 
presence and increased level of the serum 
calcitonin that gives us an almost absolute 
diagnosis preoperatively in these cases, so 
we do not have to debate them. 

I noticed that there were three sarcomas 
in this group of 173 cases and 14 undiffer- 
entiated and two medullary carcinomas. I 
would like to suggest, as we do with our 
pathologist, periodic review of these cases 
in the light of our current thinking. You 
might find some shifts in perspective 
there. 

We have never had a sarcoma in more 
than 845 cancers of the thyroid, unless 
they were either a lymphomatous type 
(and they are not included in this group) or 
a metastasis from a muscle sarcoma in pa- 
tients who had been radiated in childhood, 
or something of this kind. I would suspect 
that; with review, you should find more 
medullary carcinomas in this series. 

Another thing that we began in 1950 was 
total thyroidectomies to cause the TSH of 
the pituitary to act directly on the metas- 
tases and force them to mature to the 
point to where they, hopefully, would pick 
up radioactive iodine. 

Initially, 76% of our patients had bilat- 
eral cancer and this included follicular or 
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papillary carzinemas, or a mixture of the 


two types (the most common). We have 


done more than 200 whole organ studies of 
thyroid glands by slicing them into very 


thimsections. We have found thet the pure 
papillary or pure follicular thyroid carci- 
noma is very rare. Usually when you have 
metastasis te bone anc lung, these thyroid 


_ glands contzin a combination of the two 


We also fanunc that most of the patients 
that had spindle and giant cell, or the so- 
called undifferertiated carcinoma, also had 
an area of follicular or papillary carcinoma 


or both in that gland, as a probable pre- 


cursor to the mere aggressive cancer that 
has, in our series, been almost universally 
fatal within ess than a year. We have had 
47 patients with spindle and giant cell car- 
cinoma and œnly five of them have survived 
five years. 

In the total thyroidectomy, we make the 
patients myzedematous, and only then do 
we ascertain for sure those that do not re- 
spond with radiactive iodine uptake. We 
do find a cerzaim percent whose glands will 
pick it up a‘ter they have been myxede- 
matous for < period o? about six weeks. 

We follow these procedures for practi- 
eally all of eur thyroid patients. One pa- 
tient in the past monta had had both TSH 
and thyroid releasing hormone and had not 
picked up any radioactive iodine The lungs 
were very full of tumor, and after a period 
ef time (aboat sx weeks) without any hor- 
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mone, the patient became quite myxede- 


matous, and the radioactive iodine uptake 


in the lungs was very dramatic. 

In our original group, about 22% did pick 
up radioactive iodine before surgery. I be- 
lieve it is even a little bit lower now in the 
larger series. After total thyroidectomy we 
have had more than double the number of 
patients who did pick up radioactive io- 
dine. 

During the presentation by Dr. Harness, 
I did not hear what percent of their 333 pa- 
tients did pick up radioactive iodine, but I 
presume that the total group was compiled 
from those with metastases who picked up 
radioactive iodine. 

Dr. HL: It would appear that all three 
of these distinguished discussants agree 
with the data that Dr. Beebe just pre- 
sented. 

In the first place, thyroid suppression 
does indeed allow us to increase the yield 
from surgery on the thyroid gland in terms 
of the numbers of cancers derived per op- 
eration. Obviously, in Dr. Schlicke’s series, 
the number of operations, as in our group, 
has decreased remarkably, while the yield 
of cancer has increased remarkably. We 
cannot say at this point how many cancers 
we are watching. 

I think it is important that Dr. Jesse and 
Dr. Clark have both brought out the point 
that thyroid suppression does not indeed 
suppress cancer of the thyroid. 

Of the 31 patients that Dr. Beebe de 


ay OZ 


scribed, there were 11 who had been ob- 

served elsewhere from 1 to 15 years on thy- _ 
roid suppression, all of whom had cancer of 
the thryoid and who ultimately came to op- 
eration, two with undifferentiated carci- 
nomas with tracheal invasion. So suppres- 
sion is a two-edged sword. It can lull the 
internist into a sense of false security. He 


_ is reinforced in this by statements by men 


like Astwood who say there is no indication 
for surgery on the thyroid gland, indicat- 
ing that thyroid surgery causes more 
deaths than thyroid cancer. 

The data that Carl Schlicke presented, 
as well as our own, indicate that thyroid 
surgery can be done with an exceedingly 
low mortality. I did not believe this figure 
of no deaths in 1,000 thyroidectomies, so 
we ran this through the record room three 
times before we would accept it. But it 
does show that it can be done with low 
mortality, and during this same period a 
number of patients did die of cancer of the 
thyroid. 

It is unfortunate that the decision for or 
against surgery in these patients is often 
made, not by the surgeon, but by the endo- 
crinologist and the internist. Therefore, it 
is important that we get this kind of data 
from the men that you have just heard, be- 
fore the internist and the endocrinologist, 
if we are going to influence the manage- 
ment of thyroid cancer. 
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Minimal Pulmonary Resection 


In Treatment of Carcinoma of the Lung 


In over 3,000 resections for bronchial car- 
cinoma done by the members of the Veter- 
ans Administration Surgical Adjuvant Group, 
40 minimal pulmonary resections have been 
done. Eleven were palliative (identifiable tu- 
mor left in the hemithorax) and 29 were con- 
sidered to be potentially curative. Fifteen 
of these latter procedures were segmental 
resections and 14 were wedge resections. 
Twenty-one were done as compromise pro- 
cedures and 11 were done on an elective 
basis. In the 29 patients, there were two 
postoperative deaths, 18 patients have died 
prior to five years (nine due to active tumor 
and nine without clinical evidence of re- 
current disease), one patient is alive four 
months postoperative, and eight patients 
have survived five years or longer. It is sug- 
gested that minimal resections may be se- 
lectively used in the treatment of bronchial 
carcinoma in patients with small peripheral 
tumors without lymph node involvement. 


he standard operative procedures 

in patients with resectable bron- 
chial carcinoma are pneumonectomy 
and lobectomy. Because of a better 
understanding of the local and meta- 
static spread of the disease, a greater 
appreciation of the physiologic alter- 
ations resulting from each of the 
procedures, and the results obtained, 
lobeetomy has become the preferred 
procedure. However, at times because 
of markedly reduced pulmonary func- 





Accepted for publication Dec 4, 1973. 

From the Northwestern University Medical 
School and the Veterans Administration Re- 
search Hospital, Chicago (Dr. Shields) and 
Georgetown University and the Veterans Ad- 
ministration Hospital, Washington, DC (Dr. 
Higgins). 

Read before the 81st annual meeting of the 
Western Surgical Association, Houston, Nov 15, 
1973. 

Reprint requests to Surgical Service, VA Re- 


-search Hospital, 333 E Huron St, Chicago 60611 


(Dr. Shields). 


Thomas W. Shields, MD, Chicago, 


George A. Higgins, Jr., MD, Washington, DC 


tion, lessened cardiac reserve, or pre- 
vious contralateral resection, even a 
lobectomy cannot be carried out with- 
out prohibitive morbidity and mortal- 
ity. In such situations, lesser resec- 
tions (segmental or wedge resections) 
have been carried out as compromise 
procedures in an attempt for cure 
and, less frequently, purely as pal- 
liative maneuvers. 

During the past ten years, a few 
reports of a small number of these 
minimal resections in the manage- 
ment of patients with bronchial carci- 
noma have been published by Steele 
and his associates, Le Roux,’ and 
Bonfils-Roberts and Clagett.’ More 
recently, Jensik et alt reported 123 
such resections with excellent long- 
term survival in their definitive 
group. 

As a result of the interest in the 
possible role of these lesser proce- 
dures, their use in the large number 
of patients who have undergone re- 
section of a bronchial carcinoma in 
the various lung studies of the Veter- 
ans Administration Surgical Adju- 
vant Group has been reviewed. 


Material 


In over 3,000 patients in the various lung 
trials conducted by the group, only 40 
minimal resections have been done. All pa- 
tients were men, and ranging in age from 
40 to 75 years. Eleven of the procedures 
were palliative (identifiable tumor left in 
the hemithorax) and 29 were considered to 
be potentially curative. Two patients in the 
curative group died within the first 30 
postoperative days for an overall mortality 
of 5%. The morbidity experienced was not 
dissimilar to that seen after these lesser — 
procedures in any other disease population 
group. The distribution of cell type of the 
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tumors was squamous cell carcinoma in 26 
patients, adenocarcinoma in six, undiffer- 
-= entiated cell carcinoma in six, and mixed 
(adenosquamous) carcinoma in two. 

In the curative group, 15 segmental and 
14 wedge resections were done. All lesions 
were peripheral in location and varied 
from 1 to 6 cm in size. The indications for 


-= the minima! resections rather than a more 


extensive procedure in 21 of the 29 pa- 
tients were reduced palmonary function in 
12, presence of moderately severe cardiac 
disease in two, develcpment of pulmonary 
edema during a proposed mor2 extensive 
procedure in two, presence of a contralat- 
eral pneumonectomy in twa, and associa- 
tion with a definitive chest wall resection 
in three patients. In the eight remaining 
patients, the lesser procedure was done on 
an elective basis. 

In the palliative group, resicual disease 
was left behind in the parietal pleura or 
chest wall in seven patients and in the me- 
diastinal ‘ymph nodes in four. 


Results 


All of the patients who underwent 
a palliative resecticn are now dead. In 
nine patients, the tumor was clini- 
cally active and the survival times 
varied from one month to 2⁄2 years. 
In the two remaining patients, the 
clinical activity of the tumor was 
undetermined but length of survival 
was only three and four months, re- 
spectively. 

In the curative zroup, 28 patients 
are eligible for five-year survival (op- 
eration performed >rior to September 
1968 or the patient has died) and one 
patient is only four months postoper- 
ative. In the eligible group, two pa- 
tients died within the 30-day postop- 
erative period and an additional 18 
prior to the sixth year. Of these 18 pa- 
tients, nine died of recurrent or meta- 
static disease and nine died without 
clinical activity of the tumor. Survival 
times varied from 3 to 49 months. 
Hight patients (285%) survived five 
years or more. Three of these patients 
had undergone a segmental and five a 


wedge resection of their tumor. In the | 


survivors, the cell type ef the tumor 
was squamous cell carcinoma in four, 
adenocarcinoma in two, and undiffe- 
rentiated cell carcinoma in the other 
_ two patients. The size of the lesion 
was under 3.5 em in all long-term sur- 
vivors. 

Five of the long-zerm survivors are 
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still alive, the duration of survival 
being 5 years, 9⁄4 years, 11 years, 
11% years, and 12 years, respec- 
tively. Of the three long-term survi- 
vors who have died, one had no tumor 
at autopsy 6% years postoperatively 
and one had recurrent tumor at reop- 
eration eight years postoperatively. 
The remaining patient died with a 
“third new primary” or recurrent dis- 
ease 6% years after a wedge resection 
of a second primary lung carcinoma 
occurring 62 years after a contralat- 
eral pneumonectomy for the initial 
lung tumor. 


Comment 


It is apparent that long-term sur- 
vival may occur after a minimal re- 
section of a bronchial carcinoma. The 
28.5% five-year survival in this series 
is comparable to that of the 29% re- 
ported by Le Roux,’ but is only half 
the survival rate of 56.4% reported by 
Jensik and his colleagues.‘ Patient 
selection undoubtedly explains the 
difference. Nonetheless, even the 
long-term survival rates noted in the 
smaller series are acceptable and give 
support to the concept that minimal 
resections have a place in the treat- 
ment of carcinoma of the lung. 

The important consideration is to 
define their role. Certainly one would 
not argue against the use of a seg- 
mental or even a wedge resection as a 
compromise procedure for removal of 
a small, peripherally located lesion in 
the very elderly or in the patient with 
markedly compromised pulmonary or 
cardiac reserves. The use of one of 
these lesser resections as an elective 
procedure, however, is not as easily 
defended. Recently, it has become ap- 
parent from the reports of Razzuk 
and his associates’ and Beattie, as 
well as the review by one of us,’ of the 
long-term survivors in the Veterans 
Administration Surgical Adjuvant 
Group’s cancer chemotherapy lung 
studies that the development of a me- 
tachronous second lung primary is a 
distinct possibility in a significant 
number of patients who have under- 
gone a successful resection of an ini- 
tial lung tumor. As a consequence, 
preservation of as much lung tissue 
as consonant with adequate removal 
of the initial primary should be ac- 
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complished in all patients. 

Either one of the two lesser resec- 
tions does conserve as much pulmo- 
nary parenchyma as possible but, as 
noted by Jensik et al, tumor re- 
currence in the same lobe occurred in 
as many as 10% of the patients who 
had undergone a segmental resection. 
However, even in some of these pa- 
tients, long-term survival occurred 
and, in others, a second resection (a 
completion lobectomy) could be suc- 
cessfully carried out. Le Roux’ noted 
that the pattern of metastatic tumor 
or recurrence of the tumor in the lung 
or mediastinum was not noticeably 
different in the patients managed by 
segmental resection from that seen in 
patients with resections of greater 
magnitude. 

Lately, satisfactory long-term sur- 
vival rates have been obtained as evi- 
denced by the data presented in the 
reported series essentially composed 
of poorer risk patients whose long- 
term survival is potentially jeopar- 
dized. by their medical complications. 
It would appear that there should be 
no reason not to expect similar or 
even better long-term survival rates 
in the good-risk patients with appro- 
priate lesions. Of course, indiscrimi- 
nate use of either of these lesser re- 
sections must be avoided. 

Guidelines as to the type of bron- 
chial carcinoma that might be elec- 
tively resected by a segmental resec- 
tion, or at times a wedge resection, 
may be tentatively listed as (1) pe- 
ripherally located, (2) 3 em or less in 
size, (3) margins readily encompassed 
by the resection, (4) no gross lymph 
node involvement present, and (5) 
ideally adjacent to a complete ana- 
tomic fissure, as suggested by Le 
Roux.’ In the recent classification for 
staging carcinoma of lung suggested 
by the American Joint Committee for 
Cancer Staging and End Results Re- 
porting,® such lesions would be classi- 


fied as stage 1, peripheral T, N, M, tu- | | 


mors. ~*~ 

The merits of selecting a segmental 
rather than a wedge resection are 
at present unanswerable. However, 
most surgeons would prefer the seg- 
mental resection since it is a more an- 
atomic and theoretically a more com- 
plete procedure. Also, it may easily be 


\ ' 


de 

* pin t PN 
va hte 

-5 


sien a 


a 








, 


ty R, 


fy dey 


py: ERNS ENESA 4 hy 


Ey, owe 


1 Tradl vg 


A ? Ve = 
Dieter ies alten ade 


d* ` à 
EA EGTE 


i 








i 


FT 


-T aredi 
: Ae 
Ds 
- 


A ETEN 


“IP SIGS ae ey eee 


RETT. TORD TE eet <j 


mi. Th 


> I 


F na eh de 
= Tre i} 


eek aa a ye Pr pad as a 


"A J 3 


ie A, ih a ot r 
Sx tO, re a a nd aE 
we K 
is è < = »* a? . 
i 


expanded in many situations, such as 
in the upper division of the left upper 
lobe, into a multiple segmental resec- 
tion for a wider resection of the pul- 
monary lesion. However, as the data 
in this series have shown, as well as 
the experience of many in the resec- 
tion of metastatic disease in the lung, 
a wedge resection can at times ade- 
quately remove a malignant process. 
Yet it would appear that this proce- 
dure would best be reserved for those 
situations in which certain postopera- 
tive complications more commonly as- 
sociated with a segmental resection 
must be stringently avoided. An ex- 
ample would be a persistent pleural 
air space or persistent air leak in 
the patients with a previous contra- 
lateral pneumonectomy or one with 
markedly reduced functional re- 
serves. 

It is suggested that minimal pul- 
monary resections (segmental and, on 
occasion, wedge resections) may be 
considered as acceptable procedures 
in the treatment of bronchial carci- 
noma rigidly selected by the enumer- 
ated criteria in the functionally 


compromised patient. The same is 


probably true for the good-risk pa- 
tient, but additional data should be 
obtained before this may be recom- 
mended without reservation. 


This investigation is based in part on data col- 


‘lected by the VA Surgical Adjuvant Group, com- 


posed of VA hospitals in Boston; Bronx, NY; 
Brooklyn, NY; Chicago; Cincinnati; Cleveland; 
Dallas; East Orange, NJ; Hines, Ill; Houston; 
Iowa City; Jackson, Miss; Kansas City, Mo; Long 
Beach, Calif; Martinez, Calif; Memphis; Minne- 
apolis; Philadelphia; Pittsburgh, Providence, RI; 
San Juan, Puerto Rico; St. Louis; Syracuse, NY; 


-~ and Washington, DC. 
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Discussion 


A.-P. Narr, MD, Yverdon, Switzerland: I 
would like to underline another aspect of 
this philosophy of lung preservation in the 
surgery of bronchogenic carcinoma. 

Mortality and late respiratory crippling 
is a serious problem after right pneu- 
monectomy in the elderly and emphyse- 
matous cigarette-smoking patient. We, 
therefore, try to replace right pneu- 
monectomy by function-sparing bronchial 
sleeve resection whenever possible. 

In our latest series of 304 cancer pa- 
tients, the resectability rate was 94.6%. We 
performed 31 (10.2%) segmental resections 
and 23 (7.5%) bronchial sleeve resections. 

Technically, three types of right sleeve 
resections were performed: nine right up- 
per lobectomies with main stem sleeve re- 
sections, nine upper and middle sleeve 
lobectomies, and three right lower and 
middle lobectomies with sleeve resection of 
the upper lobe bronchus reimplanted 
directly to the main stem bronchus. 

A comparison of the results of 21 sleeve 
resections and 30 right pneumonectomies 
is absolutely striking in favor of the value 
of the operation. Mortality is 4.7% for 
resection compared to 13.38% for pneu- 
monectomy, and as to quality of life, only 
a third of the pneumonectomy patients had 
a worthwhile survival, whereas 15 of the 
21 “sleeve lobectomy” patients have gone 
back to a normally active professional and 
family life. 

Dr. SHIELDS: First, before answering the 
questions, I would like to emphasize the 
concept that Dr. Naef presented; that is, 
conservation of lung tissue. Certainly the 
major aspect of a bronchoplastic procedure 
is the conservation of as much parenchy- 
mal tissue as is consonant with an ade- 
quate resection. It must be remembered 
that such a procedure is a local excision 
and even as such has certainly proved to be 
a very valuable addition to our surgical 
armamentarium in the treatment of pa- 
tients with lung cancer. The results in 
selected patients are as good or better 
as those in patients whose tumor is re- 
sected either with a lobectomy or pneu- 
monectomy. 

The conservation of lung tissue is of fun- 
damental importance, not only because of 


the type of patients that we see nowadays 
(they are older and have more associated 
disease of both the cardiac and respiratory 
systems), but also because it has come to 
our attention as we have reviewed many 
studies—Dr. Paulson’s study recently from 
Dallas and the review of the five-year 
survivals in the Veterans Administration 
group—that there is a marked potential of 
the development of a second primary lung 
tumor in the patients who do survive five 
years. The incidence in the VA group was 
7.6%; Dr. Abby Smith in England had an 
incidence of 19%; and Dr. Beattie at Memo- 
rial had an incidence approximately equal 
to that of the VA in patients who survived 
ten years. Thus there is the possibility that 
a second tumor may have to be treated in 
the survivors of the initial resection. 

Therefore, I believe that if it is feasi- 
ble to conserve lung tissue, one certainly 
should do so. 

As far as the question of doing a pallia- 
tive procedure, I personally do not do pal- 
liative surgery knowingly. As I said, this 
present study is from a review of results of ` 
a large number of surgeons in the group. 
Palliative surgery in lung cancer has a 
very marginal place, if any at all, which I 
hope to be able to answer partially in sev- 
eral months from a review of all the pallia- 
tive procedures that have been ‘done in the 
VA group. I believe that in this present 
series the surgeon most often explored the 
patient in hopes of doing a definitive re- 
section, and all that could be done was to 
remove the tumor for biopsy, leaving non- 
removable tumor behind. 

As to selecting patients electively, I be- 
lieve that in the one who has a small pe- 
ripheral lesion that is ideally situated and 
in which no nodal involvement is evident, 
elective resection may be accomplished. 
Dr. Jensik reported a 56% five-year sur- 
vival in his definitive group that also in- 
cluded the patients in whom the procedure 
was done electively. This is much better 
than our 29%, but again, selection of pa- 
tients influences results of series so greatly 
that no true comparison may be made. I be- 
lieve that, if one rigidly adheres to the cri- 
teria that I have outlined, which may be 
changed as time goes on (maybe the le- 
sions should be smaller than 3 cm), elective 
resection may be done even in the good- 
risk patients as well as in the patient with 
compromised lung function. 

I did not separate the patients into those 
who received or did not receive chemother- 
apeutic agents, since in evaluating all of 
our series of adjuvant studies the drugs 
have not influenced the results one iota, 
and I do not believe that drug therapy 
played a role as to whether or not the pa- 
tient survived. 
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What’s in store for 
medicine in the future? 
Read the April PRISM. 
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Stuart H. Altman, Ph.D. @ BIG BROTHER AND 
THE PRIVATE PRACTITIONER 


Is a nationalized health service inevitable? Will the 
solo practitioner survive competition with large 
prepayment clinics? Can he retain his independence? 
In this PRISM interview, the Deputy Secretary for 
Health Planning and Evaluation, HEW, answers 

these and other pointed questions. 








HMO’S: CAN THEY REALLY SUCCEED? 


Milton |. Roemer, M.D. ® A VOTE OF CONFIDENCE 


Citing comparative analyses, the author contends 
that Prepaid Group Practice Plans (PGP) have 
demonstrated that overall costs of physician and 
hospital care could be significantly reduced under 
the PGP system, as compared to traditional 
open-market medical care. 
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John H. Budd, M.D. ® A NOTE OF CAUTION 


Challenging enthusiasts’ belief that HMOs are a 
panacea for all our medical problems, the author, 
a member of the AMA Board of Trustees, offers 
evidence that PGPs have not convincingly demon- 
strated their ability to solve the problems of 
quality, quantity and cost. 


Alex Gerber, M.D. ® IT'S TIME TO UPGRADE 
OUR OUTMODED LICENSURE LAWS 


Why does the author maintain that surgical care 
in Britain is Superior to ours? And that patients 
will receive higher quality care only when a 
review of physicians’ qualifications before the 
fact takes priority over monitoring services 

after the fact? 


Rene DuEos, Ph.D.® THE HIDDEN MENACE OF POLLUTION 


Why does this Pulitzer Prize winner believe that 
while modern man is able to achieve some kind 
of biological adjustment to almost any set of 
conditions, it spells danger for his future welfare 
and perhaps even for the survival of his species? 
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Nissen Fundoplication 
Without Crural Repair 


A Cure for Reflux Esophagitis 


Siroos Safaie-Shirazi, MD; Wilbur L. Zike, MD; Sinn Anuras, MD: 
Robert E. Condon, MD; Lawrence DenBesten, MD, Iowa City 


Since 1966, a total of 61 patients with re- 
flux esophagitis with and without hiatal her- 
nia have undergone fundoplication. Studies 
before operation revealed that 55 patients 
had roentgenographic evidence of reflux, 44 

k had endoscopic evidence of esophagitis, and 
10 of 10 had low esophageal sphincter pres- 
sure. 

Good results were obtained in 90%, as evi- 
denced by absence of dysphagia or pha- 
godynia, esophagitis, and reflux. Thirty 
patients had crural repair added to fundopli- 
cation; 31 did not. The rate of recurrence of 
symptoms and the presence of reflux were 
equally divided between the two groups 
(three in each), and the cure rate was identi- 
cal, suggesting that the principal reason for 
success of this repair is not creation of an in- 
tra-abdominal segment of the esophagus but 
is rather the valve mechanism fashioned at 
the esophagogastric junction. 


he frequent failure of crural su- 
tures as the sole means for re- 
pair of hiatal hernia to prevent gas- 
troesophageal reflux and esophagitis, 
originally reported from our institu- 
tion, has been corroborated in many 
other centers. In recognition of the 
frequent failure of crural repair to 
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cure symptomatic gastroesophageal 
reflux, new operations were designed 
to create a valvular mechanism at the 
gastroesophageal junction. Three 
methods of repair presently in wide 
use are from Nissen in Europe,’ Bel- 
sey in Britain,’ and Hill in the United 
States.‘ In 1965, we adopted the Nis- 
sen fundoplication as the usual oper- 
ation for the surgical treatment of 
gastroesophageal reflux. To assure 
success of this operation, some sur- 
geons have emphasized the impor- 
tance of reduction and fixation of the 
esophagogastric junction below the 
diaphragm.’ The importance of this 
aspect of the operation has been dis- 
puted by others.’ The present study 
was performed in our institution to 
evaluate the importance of suture clo- 
sure of the crura after fundoplication. 


Material and Method 


Sixty-one patients, 39 males and 22 fe 
males with an age range of 10 months to 80 
years, underwent Nissen fundoplication 
for treatment of reflux esophagitis or its 
complications. Symptoms in these patients 
in order of frequency were substernal 
pain, 50 patients; regurgitation, 41; epigas- 
tric distress, 30; difficulty in swallowing, 
16; and belching, 14. Fifteen patients had a 
history of peptic ulcer disease and five pa- 
tients had a history of gallbladder disease. 

Roentgenographic examination of the 
upper gastrointestinal tract revealed hia- 
tal hernia in 50 patients, presence of reflux 
in 55 patients, and stricture in 16 patients. 
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Typical open-tip esophageal manometric study in one patient illustrates lower esophageal sphincter pressure before operation and high 


pressure zone after Nissen fundoplication. 


Examinatior of the distal part of the 
esophagus br rigid or iberoptie endoscopy 
confirmed the presenee of peptic esdph- 
agitis in 44 ef 54 patients, and in eight of 
ten patients the diagnosis of esophagitis 
was made ky a biopsy specimen of the 
esophageal mucosa. Esophageal manome- 
try was pertormed in ten patients before 
eperation. A typical lcw lower esophageal 
sphincter (LES) pressure (<20 mm Hg) and 
eccasional menor motor defects in the body 
əf the esophagus were noted in all patients 
studied (Figure). A Bernstein test’ was per- 
formed in tea patients, and was positive in 
eight. 

An abdonena! approach for Nissen fun- 
doplication was preferred in patients with 
reflux esophagitis. Fifty-six patients had 
fundoplicatien done through the abdomen 
and five patents through a left thoracot- 
emy incisier. Fundop ication was usually 
earried out as fellows: After encircling the 
esophagus, € to 8 cm of distal part of the 
esophagus aad upper part of the stomach 
are freed by division and ligation of blood 
vessels along the lesser curvature of the 
stomach. At this time, a No. 40 Hurst mer- 
eury dilator -s introduced into the stomach 
by the anestmesiologis:. The fundoplication 
is performed with interrupted 2-0 silk or 
other nonabsorbable suture, taking bites of 
stomach, esephagus, and stomach. By this 
technique, tae fundic part of the stomach 
is wrapped around the distal 4 cm of the 
esophagus. Thirty patients had crural re- 
pair added ta fundoplization because of the 
surgeon’s preference, and 31 patients had 
fundoplication as the only mode of ther- 
apy. In 16 patients with stricture, dilation 
of the esophagus to a size 40 Hurst dilator 
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was performed prior to fundoplication and 
in five patients during operation. Vagot- 
omy and pyloroplasty were added to fun- 
doplication as part of the therapy for 
esophagitis in three patients with no his- 
tory of duodenal ulcer in the early part of 
the study. Twelve patients had vagotomy 
and pyloroplasty or antrectomy for treat- 
ment of duodenal ulcer associated with re- 
flux esophagitis. Eleven patients had pre- 
operative stricture dilatation, and five had 
intraoperative stricture dilatation. Major 
complications were postoperative bleeding 
in one patient, disruption of fundoplication 
in two patients, empyema in one patient, 
pneumonia in two patients, and wound in- 
fection in two patients. 


Follow-up Studies 


Forty-five of these 61 patients were 
followed up in the clinic and the re- 
mainder were contacted by telephone 
or letter because of their reluctance 
to be seen in the clinic due to lack of 
symptoms, financial problems, or dis- 
tance. Follow-up time was nine 
months to 8 years after fundoplica- 
tion and averaged 3% years. Three 
patients died four months, 2% years, 
and 3% years after operation, respec- 
tively, one due to hepatoma, one due 
to carcinoma of the lung, and one due 
to brain death. None had any problem 
related to their operation. Each pa- 
tient was interviewed by one of us 
(S.8.S.), and roentgenographic exami- 
nation of the esophagus was per- 
formed in 45 patients with emphasis 


Follow-Up Data on 58 Patients 
After Fundoplication 


No. of 
Finding Patients 


Retrosternal pain 2 
Dysphagia 


0 
Symptoms of regurgitation 2 
2 


Symptoms of postprandial 
distress 


4 
0 
Inability to vomit 
Dumping 4t 
Recurrence of reflux 
without symptoms 4 
Recurrence of reflux 
with symptoms 2t 

* Bothersome in two patients. 

t Fifteen patients had vagotomy with an- 
trectomy or pyloroplasty in addition to fundo- 
plication. 

ł After repeat fundoplication, one patient 


continues to be symptomatic with no x-ray 
evidence of gastroesophageal reflux. 


Inability to belch 10* 





on the presence of reflux. Of the 45 
patients, five had roentgenographic 
evidence of minimal reflux and one 
showed evidence of free reflux. Pa- 


tients were asked regarding the pres- 


ence of dysphagia, retrosternal pain, 
regurgitation, postprandial distress, 
ability to belch, and ability to vomit. 
Of the total 58 patients followed up 
(Table), two had retrosternal pain 
and regurgitation. These two pa- 
tients also had reflux evidenced by 
x-ray examination and manometric 
studies. On reoperation disruption of 
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Nissen fundoplication was noted. Af- 
ter repair, one became asymptomatic 
but one still has mild retrosternal 
burning without evidence of gastro- 
esophageal reflux or esophagitis. Ten 
of the total group were unable to 
belch, but this was annoying to only 


two patients. Two patients were con- | 


cerned because of inability to vomit. 
Four patients had epigastric distress 
and dumping syndrome as a result of 
vagotomy and pyloroplasty. 


Comment 


In the past 20 years there has been 
a great surge in the study of the 
physiology of the esophagus, of the 
gastroesophageal junction, and of 
gastroesophageal reflux. Only re- 
cently, however, has knowledge 
gained through physiologic studies 
and more detailed and precise diag- 
nostic techniques been applied to 
esophageal diseases in a routine fash- 
ion in order to make a more intelli- 
gent decision regarding the choice of 
operative therapy. 

In the past ten years the trend of 
therapy for gastroesophageal reflux 
has shifted from a hiatal hernia re- 
pair to a more physiologic operation, 
namely, creating or restoring the 
LES. To assure success of the oper- 
ation, some surgeons have empha- 
sized the importance of reduction and 
fixation of the esophagogastric junc- 
tion below the diaphragm.’ Recent 
clinical and experimental data in hu- 
mans reported by Cohen and Harris’ 
dispute the thesis that a mechanical 
factor or position of the gastro- 
esophageal junction below the dia- 
phragm is important in the pre- 
vention of gastroesophageal reflux. 
Rather, they suggest that a mecha- 
nism intrinsic to the gastroesopha- 
geal junction (presumably LES) is 
responsible for the maintenance of 
gastroesophageal competence. Fur- 
ther evidence for this thesis was also 
furnished by the same authors when 
they compared the changes in lower 
esophageal pressure of patients with 
hiatus hernia to the change in the 
surrounding intrathoracic pressure. 
The LES response to the changes in 
the gastric pressure was found to be 
the same whether intrathoracic pres- 
sure was increased (Valsalva maneu- 
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ver), remained unchanged (lifting the 
leg from the horizontal position while 
supine) or decreased by a Mueller ma- 
neuver (forced inspiration against a 
closed glottis). Thus, the LES re- 
sponse to an increase in gastric pres- 
sure would seem (1) to be unaffected 
by the location of the gastroesopha- 
geal junction above or below the dia- 
phragm and (2) to be unaffected by 
surrounding pressure. 

Butterfield, in an autopsy study, 
showed that fundoplication prevents 
reflux on a mechanical basis by a 
mechanism similar to a one-way flut- 
ter valve. Therefore, the benefits are 
the same, irrespective of whether 
fundoplication is above or below the 
diaphragm. This principle seems to be 
true on the basis of our clinical expe- 
rience in these 61 patients. Recur- 
rence of reflux was noted in three pa- 
tients in the group with crural repair 
(30 patients) and also three patients 
in the group without crural repair (31 


patients). As mentioned previously, 


the only procedure done in the latter 
group of patients was fundoplication 
(no attempt was made to close the 
crura). These patients were cured of 
their esophagitis as evidenced by the 
absence of esophagitis (endoscopy), 
reflux (roentgenogram) and dyspha- 
gia (history). On the basis of these ob- 
servations, it was believed that the 
6% to 10% postoperative reflux rate 
which has been seen by us and also re- 
ported by others” is usually the result 
of faulty construction of the fundopli- 
cation. This technical error can be 
recognized and corrected at the oper- 
ating table by the following test, de- 
vised to establish the adequacy of 
fundoplication at the operating table: 
After finishing the fundoplication, 
the anesthetist withdraws the Hurst 
dilator and introduces a nasogastric 
tube, through which a 250-mm volume 
of saline solution is instilled into the 
stomach. The anesthetist then with- 
draws the nasogastric tube to a po- 
sition just above the level of the 
plication. The surgeon at this point 
occludes the pylorus with his fingers 
and squeezes the stomach in an at- 
tempt to produce reflux into the 
esophagus. If the plication is ade- 
quate and the valve that has been 
created by plication is competent, sa- 


line will not regurgitate into the 
esophagus. On the other hand, if re- 
flux is present, the surgeon has a 
chance to revise the fundoplication 
without the necessity of another op- 
eration. In ten patients recently 
operated on, and not included in this 
account, who underwent Nissen fun- 
doplication, the result of this intra- 
operative test was compared to postop- 
erative roentgenograms of the upper 
gastrointestinal tract, acid reflux 
tests, and esophageal manometry. All 
patients who were shown to have a 
competent valve at operation were 
free of reflux by roentgenographic 
and acid reflux studies, and had LES 
pressures greater than 20 mm Hg. 
Vagotomy and pyloroplasty were 
added to fundoplication in three pa- 
tients early in this series as a part of 
operative therapy. We conclude that 
vagotomy is unnecessary, and was re- 
sponsible for dumping and diarrhea 
in four of 15 patients in our series. 
Our studies strongly suggest that 
the creation of some type of artificial 
valve (preferably Nissen fundoplica- 
tion) is the only procedure that is 
necessary in treating patients with 
peptic esophagitis secondary to gas- 
troesophageal reflux. Adding vagot- 
omy with pyloroplasty or antrectomy 
is only indicated when duodenal ulcer 
is associated with peptic esophagitis. 
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Discussion 


ROBERT J. FREEARE, MD, Maywood, Ill: 
Dr. Shirazi is a former resident of ours and 
was kind enough to invite my comments. 
Since I have never claimed any special 
knowledge or extensive series in this par- 
ticular entity, I suspect it was an effort 
to enlighten me as to how much he has 
learned since he left our fold. Indeed, he 
has learned a great deal. 

In training with us, he was exposed to 
the “balanced operation” in which vagot- 
omy and pyloroplasty was a routine part of 
the treatment of this problem. We, too, 
have abandoned that Dractice and, until re- 
cently, emphasized a meticulous crural re- 
pair as an importart component of the 
treatment of this entity. 

My reading and my more recent experi- 
ence would suggest tiat this too is unnec- 
essary, and that an adequate fundoplica- 
tion is all that is appropriate. I think there 
is a consensus of that viewpoint as I read 
the literature and view the results of series 
similar to those reported today. 

I had the unfortunate experience about 
a year ago of doing Dr. Shirazi’s intra- 
operative test in the cutopsy room. We lost 
a patient about three days after hiatal her- 
nia repair, with a massive pulmonary em- 
bolus. So, at the autopsy table we were able 
to introduce into the ~emoved stomach and 
esophagus a large amount of fluid and to 
check the competency of a fundoplication. 
I was most impressed and really amazed at 
the competency of the valve mechanism 
that is constructed waen the techniques as 
outlined are employed. 

Therefere, I can only support the find- 
ings that have been presented, endorse the 
idea of an intraoperative test which would 
seem to be a way of reassuring one’s self 
that he has indeed effected a proper valve 
mechanism, and would close with a ques- 
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tion that I reviewed with Dr. Shirzai this 
morning at breakfast. It basically is this: 
Given the patient with gallstones and 
hiatus hernia frequently referred to us 
for—at least in the eyes of the internist— 
the symptoms of gallbladder disease, but 
troubled with the possibility that some of 
those symptoms may be related to what 
was considered an incidental hiatus hernia, 
has fundoplication—the ease of it, the mor- 
bidity afterward—reached the point where 
we might consider doing an incidental fun- 
doplication at the time of cholecystectomy? 
I think Dr. Shirazi’s response would be ap- 
propriate information for all of you. 

A.-P. NAEF,Y verdon, Switzerland: I con- 
firm the results of this excellent paper. Our 
experience with about 600 Nissen oper- 
ations has convinced us that it is an excel- 
lent procedure. The analysis of our last 240 
cases shows no mortality and only about a 
2% to 3% recurrence rate. However, we feel 
that in the absence of short esophagus it is 
preferable to suture the hiatal crura in a 
loose manner to keep the stomach in a sub- 
diaphragmatic position. 

However, as we have reported in a paper 
titled “Conservative Operations for Peptic 
Esophagitis” (Ann Thorac Surg 18:6, 
1972), when dealing with a short esophagus 
the fundoplication should not be “forced” 


below the diaphragm and can be left in the © 


chest. We have demonstrated excellent re- 
sults with complete healing of the peptic 
esophageal lesions a few days after the op- 
eration. 

I have seen an example of a definitely 
short, retracted esophagus with a peptic 
stricture. Another example was the peptic 
stricture and its disappearance after an in- 
trathoracic fundoplication. 

It is very important that the hiatus 
should not be closed too tightly around the 
stomach, if you have to leave the fundopli- 
cation in the chest, because some authors 
have reported ulceration and perforation 
probably due to strangulation or chronic 
retention in these supradiaphragmatic 
gastric pouches. I also would like to draw 
your attention to the risk of strangulation 
and therefore ulceration and perforation 
of the fundoplication pouch if it is sliding 
above the diaphragm in a “forced” abdom- 
inal Nissen operation in the presence of a 
somewhat short esophagus. 

If you will permit me to answer the 
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question of incidental fundoplication dur- 
ing a cholecystectomy in the presence of a 
radiologically and endoscopically diag- 
nosed hiatal hernia, this has been our pol- 
icy for many years. We have in fact ob- 
served a number of cases in which patients 
come back with “hiatal” symptoms after a 
cholecystectomy performed elsewhere. We 
therefore advise a simultaneous operation 
whenever necessary and possible. 

Dr. DEeNBESTEN: I thank Drs. Freeark 
and Naef for their comments. 

Dr. Freeark asks if we recommend Nis- 
sen fundoplication when hiatus hernia is 
encountered during laparotomy for cho- 
lecystitis. We are generally opposed to “in- 
cidental” Nissen fundoplication. In those 
patients in whom the diagnosis is unclear, 
we have elected rather to carry out careful 


evaluation of the distal esophagus preoper- — 


atively, including, of course, x-ray studies, 
manometry, acid reflux studies, and a 
Bernstein test. 

If, indeed, there is evidence of an acid- 
sensitive esophagus or esophagitis, then 
the operation would be planned to include 
a Nissen fundoplication. 

I thank Dr. Naef for sharing his large 
series of patients with us. His concurrence 
that the esophageal hiatus should be left 
wide open if there is any problem of get- 
ting the repair below the diaphragm cer- 
tainly agrees with our data. 

Certainly the operative management of 
reflux esophagitis refractory to medical 
management has undergone rather rapid 
change during the last several years. We 
have gradually, I think, realized the impor- 
tance of a natural or surgieally created 
valve in those patients who have reflux 
esophagitis. 

Surgeons have long been accustomed to 
repairing the crura, and this procedure is 
retained by many as part of the repair of 
reflux esophagitis. 

The observations from our study, con- 
firmed by the discussants, allow us to con- 
clude that in those patients who require 
operation for reflux esophagitis, the place- 
ment of the repair above or below the dia- 
phragm is inconsequential to the final out- 
come of operative management. Certainly 
in those patients with short esophagus, ef- 
forts at placing the fundoplication below 
the diaphragm may be meddlesome and in 
some cases harmful. 
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Recurrent Duodenal Ulcer Disease 


Waheed Ahmad, MD, Phil J. Harbrecht, MD, Louisville 
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Fifty-two patients had secondary oper- 
ations for recurrent peptic ulcer that oc- 
curred after usually acceptable definitive 
operations. One group of patients with re- 
currences in the early months and years 
showed high residual acidity that was fre- 
quently attributable to apparently technical 
faults (28), the most frequent being incom- 
plete vagotomy (19). In two patients, viru- 
lent ulcer diathesis, not Zollinger-Ellison 
syndrome, eventually demanded total gas- 
trectomy. Eight patients, however, appar- 
ently had had technically complete initial op- 
erations that were inadequate for the degree 
of ulcer diathesis. Another group of recur- 
rences developed late (after two years), and 
were frequently associated with low or nor- 
mal acidity. Eleven patients whose disease 
was usually associated with recurrent mild 
bleeding, alcoholism, and equivocal roent- 
genographic and operative findings remain 
symptomatic to varying degrees, despite 
secondary operations of generally approved 
types. 


poe peptic ulceration after 
operation for duodenal ulcer im- 
plies either a technical fault in the 
operation or an inappropriate or in- 
adequate operation. In the latter, a 
controversy ensues as to the merits of 
the various operations and whether 
all, or at least most, duodenal ulcers 
should be treated by the operation as- 
sociated with the lowest recurrence 
rate. Factors of operative mortality 
and of postoperative morbidity are a 
part of the decision. With today’s 
techniques, there is an irreducible 
minimum of candidates for operation 





Accepted for publication Dec 4, 1973. A 

From the departments of surgery, University 
of Louisville School of Medicine, Health Sciences 
Center (Dr. Ahmad) and the Veterans Adminis- 
tration Hospital, Louisville (Dr. Harbrecht). 

Read before the 8lst annual meeting of the 
Western Surgical Association, Houston, Nov 15, 
1973. 

Reprint requests to the Department of Sur- 
gery, University of Louisville School of Madicine 
Health Sciences Center, Louisville 40201 (Dr. 
Ahmad). 


for duodenal ulcer who will not do 
well, regardless of the operation per- 
formed, although the reasons may be 
diverse. The willingness of important 
centers of study to cooperate in eval- 
uating new procedures, such as parie- 
tal cell vagotomy without an empty- 
ing procedure, attests that we have, 
as yet, no perfect operation. 

The contentious statements found 
in the literature, the varying patterns 
of recurrence that we observed, and 
the vigorous efforts required to con- 
trol recurrent disease in a few pa- 
tients stimulated us to conduct a ret- 
rospective clinical study of patients 
who had been operated on for appar- 
ent recurrent ulcer disease at the 
Louisville Veterans and General Hos- 
pitals over a ten-year period. It was 
hoped that a review of the patterns 
of recurrence and of discernible mis- 
takes at the initial or subsequent op- 
erations could help us to improve local 
handling of such problems and that 
possibly a few observations would be 
of interst to other surgeons. 


Clinical Population 


Fifty-two patients were treated for re- 
current peptic disease at the two hospitals 


Table 1.— Initial Definitive Surgery 
in 52 Patients With Recurrence 


No. of 


Operation Patients 


Subtotal gastrectomy 
Billroth | 
Billroth II 

Total 


Vagotomy & drainage 


Vagotomy & pyloroplasty 
Heineke-Mikulicz 
Finney 
Jaboulay 
Vagotomy & gastro- 
jejunostomy 
Total 


Vagotomy & antrectomy 
Billroth | 
Billroth ll 

Total 
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Table 2.—Indications for Initial Operations 







| No. of 
Initial Operetion Patients Intractability Hemorrhage Perforation 
Subtota gastrectomy 25 8 16 1 
Vagotory & pyloroplasty 20 10 9 1 
Vagotorry & gastro ejunostomy TA 2 1 2 
‘Vagotory & antrectomy 2 SE 1 0 


Total 21 (40%) 27 (52%) 4 (8%) 





Table 3.—Indications in Same Groups for Secondary Operations 


No. of 
In tial Operation Patients Intractability Hemorrhage Perforation 


Subtotal gastrectorry 10 13 2 
Vagotom~ & pyloroplasty 10 10 
Vagotomy & gastrojejunostomy 2 3 
Vagotomy & antrectomy 1 1 
Total 23 (44%) 27 (52%) 





2 (4%) 


Table «.—Change of Indication Between Initial and Secondary Operations 
Initial Operation Secondary Operation 
Intractability 14 
Hemorrhage 5 
Perforation 2 
Intractability 16 
Hemorrhage 21 
Intractability 
Hemorrhage 


Net Change 


Intractability 7 of 21 (33%) 


Hemorrhage 6 of 27 (22%) 


Perforatior 
Totals 


4 of 4 (100%) 
17 of 52 (33%) 





Table 5.—Twelve-Hour Free Acidity Between Initial and Secondary Operation 





No. of 
Patients 


Normal >20 


or Low mEq/Liter No Test 










Initial Operation 





Subtotal gastrectomy 25 11 7 7 
Vagotomy & pyloroplasty 20 9 11 
Vagotomy & 

Zastrojej snostomy 5 2 2 1 
Vagotomy & antrectorry 2 1 1 


Total 23 (44%) 21* (41%) 8(15%) 





* Most patieats in this group had early recurrence. 


| Tatle 6.—Tine Intervals Before Recurrence 


No. of 
InitiaBOperation Patients 6Mo 6-12Mo 1-2Yr 2-3Yr >3Yr 


Subtotal gaserectomy 3 We 
Vagotomy & pyloroplaszy 1 5 
Vagotomy & gastrojejunostomy 1 
Vagotomy & antrectomy 

Total 


* All patients in this group had high free basal acidity. 
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during a ten-year period ending in the 
spring of 1971. Only those patients who un- 
derwent secondary operations after gener- 
ally acceptable initial definitive surgical 
procedures were included in this study. 
Thus, any patients with recurrence after 
simple gastrojejunostomy' would be ex- 
cluded. A patient with suspected recur- 
rence who did not have an operation would 
also be excluded. However, those patients 
who had had their initial operations at 
other hospitals were included. No case of 
recurrent peptic ulceration following de- 
finitive surgery for gastric ulcer** was en- 
countered. 

There were 48 men and four women in 
the series. The 34 patients operated on at 
the VA Hospital weighted this ratio, but 
even at Louisville General Hospital, men 
outnumbered women 14:4. Ages* of the pa- 
tients ranged from 20 to 70 years, with an 
average of 45 years. Not all patients had 
blood group® typing but of 37 who did, 22 
(60%) were group O. Many patients had as- 
sociated diseases of some severity: liver, 
13; heart, 12; pancreatic, three; and pulmo- 
nary, nine. It was of some surprise to the 
investigators that only 10% of the patients 
had a documented family history of duode- 
nal ulcer. Thirty-eight percent of patients 
with recurrent ulcerations required emer- 
gency admission, due to hemorrhage in 18 
patients, 13 of massive type, and perfora- 
tion in 2. ; 

The initial operations for duodenal ulcer 
in the 52 patients are summarized in Table 
1. Vagotomy and antrectomy is a fairly 
common operation at the two hospitals and 
in the area, and the fact that only two pa- 
tients had recurrence following that oper- 
ation would seem to confirm its efficacy.” 
The relatively few recurrences after va- 
gotomy and gastrojejunostomy probably 
relate to some extent to the infrequent 
preference for it in the Louisville vicinity. 
In no category, however, can the figures be 


other than suggestive of the incidence of — 


occurrence after a given operation, since 


the total of initial operations from which 


these recurrences developed is unknown. 
A careful review of the records showed 
that intractability was the indication for 


initial surgery in only 40% of patients. 


Also, no patient in the recurrent group had 
an initial operation for obstruction. The 
types of initial operations and the indica- 
tions for them are detailed in Table 2. The 
high incidence (60%) of urgent operations 
at the initial surgical procedure suggests 
an increased possibility of technical error 
or of the choice of a compromise operation. 
For example, a distinct majority of the 
operations for hemorrhage were subtotal 
gastrectomies. In the two reporting hospi- 
tals, at least, the choice for elective 
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operation generally is between vagotomy 
and antrectomy and vagotomy and pyloro- 
plasty with other operations being used 
only for exceptional cases. 

Table 3 groups the patients according to 
the nature of the primary operation but 
correlates with the indications for oper- 
ations at the time of recurrence: hemor- 
rhage remained at 52%, perforation dropped 
from 8% to 4%, the extra 4% falling under 
“intractability.” In this group, the bleed- 
ing was sometimes of lesser severity and 
of recurrent nature; only 38% of the sec- 
ondary operations represented true emer- 
gencies. 

Table 4 depicts the change in indication 
for surgical treatment between the initial 
and the secondary operations. Intractabil- 
ity remained the indication in two of every 
three patients in which it was the original 
indication. Hemorrhage was the important 
factor in 27 patients at the initial oper- 
ation and remained so in 21 of those pa- 
tients at time of recurrence. No reperfora- 
tions were found in this ten-year study, 
although they have been noted in previous 
decades. 

Acid level studies are notoriously unre- 
liable, but are sometimes quite useful. 
Since the initial operations were emer- 
gencies in 60% and were performed in dif- 
ferent hospitals, the preoperative acid lev- 
els obtained were few and worthless for 
study. However, the 12-hour free acidity 
between the initial operation and before 
the secondary operation, although ham- 
pered by lack of studies in some emer- 
gencies, had some degree of correlation 
with the recurrence pattern (Table 5). Of 
the 21 patients who had acid levels above 
20 mEq/liter, almost all had early recur- 


_rences with generally successful secondary 


operations. The 23 patients with acid levels 
below that range included a group that 
tended to have recurrent symptoms later, 
and, in some instances, the recurrence 


- eventually proved poorly documented. 


Statements in the literature reporting 
that most recurrences occur in the first two 
years correlated well with results in our 
patients who had high acid levels after 
their initial operation (Table 6). All pa- 


tients with recurrence in the first six - 


months showed high values of free acid. 
Those patients with recurrences develop- 
ing later (and some did much later, as occa- 
sionally reported by others) in our group 
generally had lower acid levels, less defi- 
nite findings, and tended to do relatively 
poorly again after the secondary oper- 
ation. ; 

Correlation of roentgenographic and op- 
erative findings of the patients operated 
on through the abdomen (Table 7) may be 
important. Since ten patients had equivo- 


\ 
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* Clinical results were unsatisfactory. 


Table 7.—X-Ray Film and Operative Findings in 41 Patients With Abdominal 
Operations for Presumed Recurrent Ulcer 


No. of 
Initial Operation Patients 

Subtotal gastrectomy 17 
Vagotomy & pyloroplasty 17 
Vagotomy & 

gastrojejunostomy 5 
Vagotomy & antrectomy 2 
Total 41 





Abnormal Normal Equivocal 
X-Ray Film X-Ray Film X-Ray Film 






Foundat but Present & Operative 
Operation at Operation Findings 
8 3 6 
7 6 4 
5 
2 
22 (54%) 9 (22%) 10* (24%) 





Table 8.—Results for 11 Patients With Transthoracic Vagotomy as 
Secondary Operation 


No. of 
Patients Vagotomy 


Original Operation 


Subtotal gastrectomy 25 
Vagotomy & pyloroplasty 
Vagotomy & 
gastrojejunostomy 
Vagotomy & antrectomy 
Total 


cal findings, we suspect these were not 
true instances of recurrent ulceration. All 
of these patients were followed up for long 
periods, were medical treatment failures, 
and were operated on for intractability or 
recurrence of minor hemorrhages together 
with ulcer symptoms. Did the ulcer heal 
during prolonged preoperative stay in the 
hospital? Were the surgeons unobservant? 
Was the true disease gastritis, duodenitis, 
or gastrojejunitis, or were the signs and 
symptoms psychosomatic? The lack of gas- 
troscopic investigation in these patients is 
regrettable, but even in recent months we 


have found it to be fallible in several in- - 


stances in the diagnosis of recurrent ulcer. 
We believe some of the ten patients to be 
in each of the categories mentioned. 

The 11 patients not explored abdomi- 
nally had transthoracic vagotomies (Table 
8). Three who had had previous abdominal 
vagotomy continue to have ulcer symp- 
toms, while the six who had had previous 
gastrectomy seem well, 

Table 9 lists the final physical status of 
the 52 patients after one or more oper- 
ations for apparent recurrent ulceration. 
Most (39 patients) eventually had a combi- 
nation of vagotomy and resection, the one 
being added after failure of the other. Five 
patients had a 75% to 80% gastrectomy and 
six had vagotomy and pyloroplasty. No- 
table are two instances in which total 
gastrectomy was iperformed because of 
virulent ulcer diathesis approximating Zol- 


Trans- 
thoracic Alive 


Died & Well 
8 2 6 


Residual 
Symptoms 





linger-Ellison syndrome levels but without 
confirmation of such an endocrine course. 

Table 10 summarizes the end results of 
the treatment for recurrent ulceration as 
of recent follow-up. Thirty-one of the 52 
patients were alive and asymptomatic. 
Two patients died: one following emer- 
gency total gastrectomy, the fourth oper- 
ation for ulcer disease; and another after 
three operations complicated by the soli- 
tary gastrojejunocolic fistula in the series 
and uncontrollable bleeding. Five died of 
other diseases, while apparently success- 
fully treated for ulcer disease, and 14 still 
have recurrent ulcer-like symptoms of 
varying severity. 

The remaining 11 patients have the fol- 
lowing common characteristics: equivocal 
x-ray film and pathological findings, 10 pa- 
tients; low or normal free basal acidity, 11; 
minor hemorrhages, 11; history of alcohol- 
ism, 11; and apparently adequate primary 
surgery, 11. It may be that some of these 
patients should not be included in the 
series of recurrent ulcerations but rather 
represent other postsurgical dysfunctions 
with real, or imagined, ulcer-like pain. 


Comment 


In certain patients there had been 
a technical fault in the initial oper- 
ation, although the exact number is 
hard to define. For example, in most 
series of vagotomies with whatever 
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No. of 
Patients 


Original Operations 
Subtotal gastrectorry 25 
Vagotom™ & pyloroplasty 
Vagotomr & 

gastro ejunostomy 
Vagotom™ & antrectomy 
Total 


Table 9.—Physical Status After Operations ! 

S EEEE 
Resection 
Vagotomy 

& Antrectomy 


Vagotomy 
Two-Thirds 
Gastrectomy 


or Additional 
Antrectomy 


23 















Table 10.—Statts of Patients at Time of Recent Follow-Up 


p 


Death Recurrent 
Post- From Ulcer- Alive & 
operative Other like Asympto- 

Original Overation Death Disease Symptoms matic 
Subtotal gastrectomy 25 2 2 6 15 
Vagotomy & pyloroplasty 20 3 7 10 
Vagotomy & 

gastroejurostomy 5 5 
Vagotomy & entrectomy 2 1 1 
Total 2* (4%) 5 (10%) 14 (26%) 31 (60%) 






* One after tetal gastrectomy the fourth attempt to cure diathesis; another after the 
third operaticn was corr plicated by bleeding and gastrojejunocolic fistula. 


combination, an incomplete vagot- 
omy is genera ly considered the most 
common caase of failure. This is also 
true in our series. Of the 27 patients 
who had hed this as an initial oper- 
ation, we believe we documented 19 
as incomplete vagozomies. However, 
we have some reservations as to the 
reliability snd definitiveness of the 
Hollander test’ that we used as the 
criterion. Moreover, the three intra- 
thoracic vagosomies for recurrent 
symptoms after vagotomy and py- 
loroplasty cid not seem to improve 
the patients’ conditions, although 


intrathorace vagotomy after an 
unsuccessfu. z2astrectomy seemed 
efficacious. Repeated vagotomies 


through the abdomen were generally 
combined with added resection, con- 
fusing their possible benefiz. These 
latter considerations render us less 
certain as tothe overall statistical im- 
portance ef incomplete vagotomy in 
the series. 

In six patients, subtotal gastrec- 
tomy with 3illroth I reconstruction 
seemed to heve been relatively inade- 
quate by our standards, which regard 
a two-thirds reseetion as standard 
and minimal if vagotomy isnot added. 
Again, we recognize difficulty in mea- 
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suring exactly the relative amount of 
stomach resected, even under the best 
circumstances. As mentioned previ- 
ously, no ulceration secondary to a 
grossly inadequate resection (or any 
obsolete operation) was included in 
the series. 

An abnormally long afferent loop 
was noted in one patient. Other tech- 
nical errors may have been present 
but were unrecognized during the 
second surgical procedure. There were 
no apparent retained antrums after 
Billroth II operations, or antral sag- 
ging and subsequent stasis after va- 
gotomy and pyloroplasty, or other 
errors of technique, which have occa- 
sionally been reported by others. 

It has been originally noted that 
60% of the initial operations were 
conducted under emergency condi- 
tions, probably contributing to an in- 
crease in technical errors beyond 
those expected. That this probably 
contributed ocassionally to a compro- 
mise in the operation also seems 
likely. 

The identification of those patients 
in whom the initial operation was 
technically proper but inadequate be- 
cause of the virulence of ulcer di- 
athesis is possible to a limited extent. 
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Two-Thirds 
Gastrectomy 


Resection 


80% Total Vagotomy 
Gastrectomy Gastrectomy & Pyloroplasty 


1 


To our knowledge, there were no 
patients with Zollinger-Ellison syn- 
drome, or ulcers related to parathy- 
roid tumor, or other hormonal en- 
tities. However, two patients had 
virulent ulcer diathesis,’ approximat- 
ing those of hormonal entities, in 
whom total gastrectomies eventually 
were performed. In one patient, two 
lesser procedures were attempted for 
recurrent disease before the emer- 
gency total gastrectomy; that patient 
was one of the two postoperative 
deaths, dying of cardiorespiratory 


failure. The other patient who finally 


underwent total gastrectomy is doing 
well. 

If we include the 26 technical errors 
with those two patients, we are left 
with 24 patients in whom the cause of 
recurrent ulcer symptoms is less ap- 
parent. Eight of these patients had 
high free bowel acidity and 16 had 
low-to-normal acidity before the sec- 
ondary operation. It seems probable 
that the initial operation was inade- 
quate in the first eight and that va- 
gotomy and antrectomy as the initial 
procedure would have prevented 
these recurrences. Few recurrences 
after vagotomy and antrectomy have 
been seen in this area, and many re- 
ports in the literature attest to the ef- 
ficacy of this procedure.*’ 

It is more difficult to be reasonably 
sure that an initial vagotomy and an- 
trectomy would have solved the prob- 
lems of the 16 patients who had low- 
to-normal free basal acidity before 
the secondary operation. Indeed, one 
of the 16 had had initial vagotomy 
and antrectomy. This group includes 
most of the patients with persistent 
symptoms after the secondary oper- 
ation. 

Several additional, largely unre- 
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lated, but pertinent observations 
might be remphasized. Gastrojejunal 
fistula“ was found in only one pa- 
tient, contrary to previous reports, 
and confirmed the clinical impression 
of more effective overall surgical 
treatment for duodenal ulcer. The ab- 
sence of pyloric obstruction, as an 


indication in either the initial or sec- 


ondary operation, may be a coinci- 
dence or may indicate that it usually 


represents final stages of ulcer di- 
_athesis. The time interval for recur- 


rent ulceration may be highly vari- 
able, but late recurrences, especially 
if associated with low acid levels, 
should be regarded with more suspi- 
cion of other possible causes of symp- 
toms, including mitotic ones. 

In most instances, the treatment of 
patients with these recurrences fol- 
lowed, we believe, rather standard 
practices. In general, failure of vagot- 
omy was treated by resection with or 
without repeated vagotomy, and fail- 
ures of resection were treated by va- 
gotomy with or without added resec- 
tion. In 75% of the patients, the result 
was a combination of these modalities. 

Two main types of recurrence were 
seen. One was noted by early recur- 
rence, high acidity, and numerous ini- 
tial technical errors. Patients with 
this type of recurrence usually re- 
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JOHN L. SAwYERS, MD, Nashville, Tenn: 
Drs. Ahmad and Harbrecht have demon- 


strated to us the fulminating, emergency 


course that patients may have from recur- 
rent duodenal ulcers. Their report clearly 
demonstrates the need for primary ulcer 
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sponded well to conventional oper- 
ative treatment,” with the exception 
of two with extremely virulent di- 
athesis. The other variety usually re- 
curred later. These patients had low- 
to-normal acid levels, often had 
equivocable roentgenographic find- 
ings, frequently had repeated minor 
bleeding episodes, and had a history 
of alcoholism. Some of these patients 
may not have had recurrent ulcera- 
tion but gastritis, duodenitis, or jeju- 
nitis. Routine gastroscopy might have 
been of diagnostic aid but, in a lim- 
ited experience, we have not found it 
completely reliable in identifying or 
excluding recurrent ulceration. In 
any event, patients living with ulcer- 
like symptoms of varying severity af- 
ter secondary operations came almost 
completely from this group, support- 
ing Waddell’s suggestion of conserva- 
tive treatment." 

Hospital mortality in two patients 
does not seem unreasonable in this 
group of patients who frequently had 
severe associated diseases, and were 
emergency cases in 38% of admis- 
sions. The two who died had more 
than two operations necessitated by 
complications of bleeding and postop- 
erative fistulas. 

This clinical study leads to the fol- 
lowing suggestions for management 
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Discussion 


operation to provide protection against re- 
current duodenal ulcer. 

Last year at the annual meeting, Dr. 
Lynwood Herrington presented our expe- 
rience with vagotomy and antrectomy in 
the treatment of some 3,500 patients. The 
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of duodenal ulcers: 

1. Technically correct and adequate 
initial surgery. At this time, this 
probably means vagotomy and antrec- 
tomy for patients deemed to have a 
high risk of recurrence. 

2. Prolonged follow-up beyond the 
first few months or year but with 
complete diagnostic studies before 
any secondary operation, particularly 
if the recurrence is late or associated 
with low acid levels or other factors. 

3. Recognition that a rare instance 
of a patient with virulent diathesis, 
even though not Zollinger-Ellison 
syndrome, will require a very exten- 
sive operation, possibly total gastrec- 
tomy. ss 

4. Transthoracic vagotomy is use- 
ful for failure of subtotal gastrec- 
tomy but repeated or revisions of va- 
gotomy without added resection is 
not likely to improve the condition 
of patients with previous vagotomy, 
barring gross error in the initial 
technique. 

5. Most patients with recurrence 
will need a combination of vagotomy 
and resection in some form. This sup- 
ports the concept of initial vagotomy 
and antrectomy for patients with 
virulent ulcer disease, assuming that 
it is recognized and that technical cir- 
cumstances permit the procedure. 
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ulcer recurrence rate following vagotomy 
and antrectomy was 0.6%. 

Reports by other groups who used vagot- 
omy and antrectomy for duodenal ulcer 
have also shown a low ulcer recurrence 
rate, usually under 1%. 
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This report, whieh emphasizes the mor- 
bidity of reeurrent ulcer disease, should in- 
fluence the proponents of truncal vagot- 
omy and pyloroplasty to reevaluate their 
results. 

As Dr. Ahmad’s study shows, truncal va- 
gotomy and pyloroplasty frequently pro- 
vides inadequate protection against the ul- 
cer diathesis and results ir an ulcer 
‘recurrence rateranging from 4.5% to 16%. 

Recurrent ulcer disease has usually been 
due to an incomplete vagal denervation of 
the stomach. We have found in a compara- 
tive, randomized series of patients that the 
technique ef selective gastric vagotomy 
seemed to be better than truncal vagotomy 
in achieving complete parasympathetic de- 
nervation cf the stomach, and we would 

-advocate selective gastric vagotomy if py- 
leroplasty is to be performed. 

‘This report also demonstrates the neces- 
sity of careful patient evaluation before 
‘reoperation for recurrent ulcer, 

If acid secretory studies, including re- 
sults of the insulin Hollander test, and 
these of serum gastrin studies are not 
compatible with the ciagnosis of recurrent 
ulcer, the diagnosis is highly suspect. 

l would fully agree with the authors that 
careful x-ray studies and endoscopy are in- 
dicated in all patients suspected of having 
recurrent ulcer before elective reoperation. 
E a recurrent ulcer is not found in those 
individuals with low acid secretions, then 
regperation should be deferred, as the 
diagnosis of recurrent uleer disease is 
prebably not correct. 

PAUL H. JORDAN, JR., MD, Houston: I 
agree with the comments abou: the superi- 
ority of endoseopy over radiologic exami- 
nation in the diagnosis of recurrent ulcer, 
as well as Dr. Sawyers’ remarks that this 
procedure ought to be performed in almost 
every patient before reoperation for recur- 
rent ulcer. 

Second, | believe patients who have re- 
current ulcer ought to have their serum 
gastrin level determined. We have had two 
patients with recurrent ulcers after a Bill- 
roth II anastomosis who had retained an- 
trum in the dudodenal stump. This diag- 
nosis was made preoperatively by noting 
the elevated serum gastrin level. 

Third, one of the causes for recurrent ul- 
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cer that Drs. Oberhelman and Dragstedt 
have reported some time ago, and that we 
have reported recently, is the presence of 
small endocrine tumors of the carcinoid- 
islet cell type in the duodenal stump. These 
tumors can produce the Zollinger-Ellison 
syndrome and will cause an elevation of 
the serum gastrin level. We have had eight 


such patients. These lesions are usually 


very small, can be easily overlooked, and 
frequently are not found until the duode- 
nal stump is resected. 

Srroos S. SHIRAZI, MD, Iowa City: I be- 
lieve that a technetium scan should be 
added to the list of preoperative diagnostic 
tests for a patient with recurrent ulcer 
suspected of having a retained antrum as 
the cause of recurrence. This technique, 
which I reported previously (Surgery 
73:278-283, 1973), is a simple method, and if 
there is a retained antrum after gastro- 
jejunostomy, it can be detected. 

Dr. HARBRECHT: Gastrin level tests as 
routine procedures have only been avail- 
able at our institution for the past six 
months to a year. 

We certainly believe that competent and 
reliable endoscopic examination might 
have eliminated the necessity for some of 
the operations in the 11 patients who had 
relative failures. We have used endoscopy 
intermittently, as available, but we have 
found it to be fallible. We are improving 
our techniques, particularly with the newer 
fiberscopes. 

I would like to emphasize that every pa- 
tient with ulcer-like symptoms after oper- 
ation for duodenal ulcer did not have a 
secondary operation. The nonemergent pa- 
tients who had secondary operations al- 
most always had adequate medical follow- 
up, sometimes quite prolonged, especially 
in those patients with equivocal findings. 

We, too, have found that x-ray film re- 
ports are unreliable. We have had false 
negative and false positive results. Unfor- 
tunately, in our institution, we have also 
had false negative and false positive re- 
ports with gastroscopy. 

There were exceptions, of course, but the 
patients with high acid levels after their 
initial operation tended to have early re- 
currences, well documented ulcers, and 
often obvious technical faults at the initial 


’ t 
operation, the most frequent being in- — 


complete vagotomy, as reported in many 
series. Most of these patients with high 
acid levels did well after the usual types of 
secondary operation. 

The notable exceptions were the two 
with very virulent ulcer diatheses who 
eventually had total gastreetomies and 
died, and one after a complieated course 
marked by fistula formation and uncon- 
trollable bleeding. == 

These three patients had had emergency 
operations. We did have gastrin level re- 


sults from one of the patients who had total . i 


ef 


gastrectomy, and they were high, but not 


Y 
in the Zollinger-Ellison range. In each of 


those three instances, I was not personally 


there, but the surgeons assured us that an- 


tral retention was not a factor. 

The patients with low to normal acidity 
after the initial operation tended to have 
later recurrence of ulcer-like symptoms. 
Sometimes an ulcer was well documented. 
In other patients, the findings were 
equivocal and the results of the secondary 
operations were naturally rather unsatis- 
factory. We suspect that many of these pa- 
tients had gastritis, duodenitis, jejunitis, 
or psychosomatic complaints as a major 
factor, and that reliable endescopy might 
have been of help. 

However, with the tools that we had, 
coupled with prolonged medical follow-up 
without relief of symptoms in the elective 
situations, we felt justified in proceeding 
with surgery. 

There was a high percentage of emer- 
gency operations, both initially and among 
the secondary operations, and bleeding 
was a prominent factor in about 52%. It 
was rather interesting that of the 27 pa- 
tients in whom bleeding was the initial in- 
dication, 21 had the same indication at the 
secondary operation. : 


Three fourths of the patients had vagot- 


omy and some degree of resection after 
the secondary operation. In our area, va- 
gotomy and antrectomy is quite a popular 
operation, and there were only two recur- 
rences following it. We conclude that, re- 
gardless of the usual preference of the 
surgeon, vagotomy and antrectomy has 
considerable rationale for the patient who 
has a high potential for recurrence. 
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Parietal Cell Vagotomy Without Drainage 


Early Evaluation of Results 


in the Treatment of Duodenal Ulcer 


Paul H. Jordan, Jr., MD, Houston 


Parietal cell vagotomy (PCV) without 
drainage was performed on 35 patients with 
no mortality and no serious morbidity. 
Thirty-two patients were followed up for two 
months, 30 for six months, and 14 for one 
year. There have been no recurrent duodenal 
ulcers. Mild dumping symptoms occurred in 
three patients and diarrhea in one. None had 
problems with gastric emptying or pro- 
nounced gastric symptoms, persistent dys- 
phagia, developed evidence of hiatus hernia, 
or had substantial weight loss. The clinical 
results were considered excellent or good by 
all patients. At six months, basal acid output 
was reduced 74.3%, maximal acid output 
61.7%, and insulin acid output 88.8% com- 
pared with preoperative values. Our results 
confirmed early, good reports of others; 
however, the ultimate value of PCV without 
drainage for treatment of duodenal ulcer is 
not yet predictable. 


A bpi objective of three-quarters 
subtotal gastric resection, once 
widely used for the treatment of 
duodenal ulcer, was the removal of 
sufficient parietal cell mass so that 
acid production would be inadequate 
to cause a recurrent ulcer. Significant 
postgastrectomy complications were 
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associated with these extensive resec- 
tions but they have become less trou- 
blesome as operations have become 
more conservative. Truncal vagotomy 
combined with a drainage procedure, 
the least radical operation, is widely 
employed because of its low mortal- 
ity. Nevertheless, it is less than an 
ideal operation because it is associ- 
ated with a high recurrence rate and 
a substantial incidence of the same 
gastrointestinal complaints that ac- 
company all operative procedures 
used for the treatment of duodenal 
ulcer. 

The advantages provided by the 
simplicity of truncal vagotomy and 
pyloroplasty, as well as its dis- 
advantages created by recurrent ul- 
cer, persistent gastric complaints, 
and vagal diarrhea, were reported by 
Griffith and Harkins.‘ Consequently, 
they studied in dogs the possibility of 
performing only vagotomy of the 
parietal cell mass and sparing the 
innervation of the antrum so that 
an accompanying drainage procedure 
need not be performed. They reported 
that gastric secretion was greatly re- 
duced by this type of vagotomy and 
that a drainage procedure was unnec- 
essary to permit satisfactory empty- 
ing. Nevertheless, they did not use 
the operation clinically, because it 
was only partially successful in elimi- 
nating the secretory response to insu- 
lin. 

Amdrup and Griffith? restudied the 


procedure, hoping to devise an oper- 
ation that would control the duodenal 
ulcer diathesis, prevent the dumping 
syndrome by preservation of the py- 
loroantral pump, and prevent vagot- 
omy diarrhea by avoiding total ab- 
dominal vagotomy. Holle’ utilized 
parietal cell vagotomy (PCV) with 
drainage and reported a low rate of 
recurrent ulcer. Of course, some of the 
anticipated advantages of PCV were 
lost, because drainage procedures 
were done. Subsequently, Johnston 
and Wilkinson‘ reported early, good 
results in 15 patients undergoing 
PCV without drainage. Since then, 
numerous investigators have re- 
ported early, good results in limited 
numbers of patients, while Johnston 
et al have published results from an 
enlarging series of 280 patients with 
follow-up studies being as long as 
four years. 

This report records the results of 
PCV without drainage performed on 
35 patients operated on electively for 
duodenal ulcer, without mortality or 
significant immediate postoperative 
morbidity. The longest postoperative 
follow-up in this group of patients 
has been 12 months. Because our 
early, good results were consistent 
with those in other published re- 
ports,** we have begun a prospective, 
randomized study, comparing the re- 
sults of PCV without drainage and 
bilateral selective vagotomy, antrec- 
tomy, and Billroth I anastomosis. 
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Methods and Materials 
Betweer June 1972 end March 1973, a to- 


- tal of 35 conseeutive male patients with 


chrenic, duodenal ulcer but without evi- 
denee of major pyloric obstruction were 
treated by PCV without a drainage proce- 


- dure. The diagnosis was established from 


dinical and radiological evidence and con- 
firmed by gastrescopy when uncertain. All 
patients were undergcing elective surgery 
and it was umneeessary to deviate from the 
preoperative plan for any reason, includ- 
ing obesity. 

Preoperative and Postoperative Studies.— 
Maximal acid output (MAO) was measured 
by collecting gastric juice continuously at 
15-minute intervals for twe hours after 
betazole hydrochloride (Histalog) stimula- 
tion (1.2 mg/kg). The insulin acid output 
(IAD) was measured for two hours after 
administration ef 0.2 units of regular insu- 
lin per kilegram. The test was considered 
valid if the blood gluccse level fell 50% and 
below 40 mg/100 ml. Each test was pre- 
eeded by a two-hour collection of gastric 
juice under basal conditions (BAO), Each 
15-minute sample of gastric juice was ti- 
trated with 0.1 N sodium hydroxide to pH 
7.3. These tests were performed on each 
patient preeperatively and 2, 6, and 12 
months postoperatively. The patients were 
hospitalized for all studies to make certain 
that they rezeived no medication and had 
properly fasted. The residual contents in 
the stomach after an overnight fast were 
measured at each study interval. Upper- 
gastrointestinal traet roentgenograms 
were made prior to initial discharge from 
the hospital, two morths after operation, 
and subsequently, if significant retention 
ef barium had occurred on a previous 
study, if there was a high overnight gas- 
tric residual, or if there were any symp- 
toms of gastric retention. Serum gastrin 
andgastrie juice gastrin levels were deter- 
mined every 15 minutes during each secre- 
tory study. The serum gastrin responses to 
ingestion of a standard meal before and 
after operation were measured. These 
studies will be reported subsequently. At 
each follow-up period, patients were inter- 
viewed by the author and queried about 
early fullness, dysphegia, nausea, vomit- 
ing, abdominal distress, early and late 
dumping, appetite, and bowel habits. 

Operative Technique.—Al! operations 
were performed through a midline inci- 
sion. The size of the pylorus was calibrated 
by withdrawing a Miller-Abbott balloon 
with a measured volume of air through the 
pylorus. The volume of air that could be 
withdrawn was related to size estimated 
by palpation. The pylorus of all patients 
would at least accommodate the thumb and 
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forefinger, and the smallest amount of air 
that could be withdrawn through any py- 
lorus was 25 ml. This technique is no longer 
practiced, because our experience indicates 
that a pylorus that accepts the thumb and 
forefinger is of adequate size. 

The operative procedure has been previ- 
ously described.” Briefly, the anterior 
vagus nerve was identified and a tape 


placed around it to provide traction. Dis- — 


section of the anterior layer of the lesser 
omentum was begun just proximal to 


_ where the nerve of Latarjet passes on the 


stomach, about 6 cm proximal to the py- 
lorus, and continued along the lesser 
curvature until the main nerve was 
reached at its point of isolation on the 
esophagus. The posterior vagus nerve, ly- 
ing within the adventitia on the aorta, was 
isolated under direct vision and taped. 
With traction on the greater curvature of 
the stomach, the posterior leaf of the 
lesser omentum, beginning at the angu- 
laris incisura, was divided. This was con- 
tinued along the lesser curvature until the 
gastroesophageal junction was reached. 
Caution must be taken to cut the circum- 
esophageal branches of the vagus, which 
appear to supply the esophagus but also 
supply the stomach. To improve hemo- 
stasis, reduce adhesion formation, and pos- 
sibly prevent vagal reinnervation, the 
lesser curvature of the stomach was re- 
peritonealized by approximating the ante- 
rior and posterior leaves of the lesser 
omentum attached to the stomach. The an- 
terior phrenoesophageal ligament at the 
gastroesophageal junction was attached to 
the diaphragm. 

Denervation of the parietal cell mass 
was confirmed at operation by testing the 
gastric mucosa_pH with an intraluminal 
pH probe after patients had been given 
betazole stimulation. This technique is no 
longer utilized, because it appears, based 
on confirmation by pH studies, that we are 
able to determine the junction of the an- 
trum and fundus adequately by means of 
anatomical landmarks. 


Results 


Postoperative follow-up studies 
have been performed on 32 patients 
at two months, 30 at six months, and 
14 at one year. There has been no fol- 
low-up on two patients. 

The results of preoperative gastric 
secretory studies were as follows: 
BAO, 85+SD 6.0 mEq; MAO, 
67.8+SD 21.3 mEq; and IAO, 
41.2 + SD 18.7 mEq. All preoperative 
serum gastrin and calcium levels 
were normal, suggesting that no pa- 


| tient had a Zollinger-Ellison tumor 


hyperparathyroidism. The presen 


of a duodenal ulcer was confirmed in’ 


each patient at operation. The lumen 
of the pylorus admitted the thumb 
and forefinger in eight patients and 
was considered marginally adequate. 
The Miller-Abbott balloon could be 


retracted through the pylorus when 


the volume of air was reduced to 25 
ml. In 13 patients, the pylorus was 
narrowed but there was no question 
of its adequacy. In 14 patients, it was 
widely patent and accepted a balloon 
with more than 40 ml of air. Six pa- 
tients required blood transfusions 
during operation: in four of these pa- 
tients, blood was necessary because of 
bleeding encountered during oper- 
ation; the anterior vagus nerve was 
injured in one patient; and the poste- 
rior vagus nerve in another. 

The pH of the gastric mucosa after 
betazole stimulation was 5.0+ SD 14 
just below and 6.2 + SD 1.1 just above 
the point of denervation on the lesser 
curvature. The average pH of the 
fundus, high on the greater curva- 
ture, was 4.5+ SD 1.1. The pH just 
above the point of denervation was 
less than 4 in only four patients and 
in three of the four, the pH encoun- 
tered just below the line of denerva- 
tion was 6.0 or greater. In the one ex- 
ception, pH of the distal part of the 
antral mucosa was 2. A biopsy speci- 
men from this area disclosed large 
numbers of parietal cells. This patient 
exhibited satisfactory reductions in 
the postoperative secretory tests. The 
change in pH above and below the 
point of denervation, which repre- 
sented our estimate of the junction of 
the antrum and fundus, was consid- 
ered satisfactory evidence that the 
parietal cell mass had been ade- 
quately denervated without produc- 
ing excessive denervation of the 
antrum. 

Operative procedures performed in 
addition to vagotomy included nine 
appendectomies, four splenectomies, 
two cholecystectomies, one hiatal her- 
niorrhaphy, and one incisional her- 
niorrhaphy. There were five super- 
ficial wound infections and one 
wound dehiscence. Two patients with 
wound infections and the one patient 
with wound dehiscence had under- 
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\ or appendectomy 
ctions were also 
agastric manip- 

. to measure the size 
us and pH of gastric mu- 
.e have encountered no infec- 
is in another group of 35 patients 
in whom these procedures were 
omitted. Prolonged postoperative 
gastric suction was unnecessary and 
the nasogastric tube was usually re- 
moved in one or two days. Patients 
were receiving a soft or regular diet 
at 6.2 + SD 2.0 days. Fifteen days 
was the longest period before a pa- 
tient began a solid diet; this occurred 
in the patient who had a wound dehis- 
cence. The length of postoperative 
hospitalization was 111+SD 5.1 
days. Three patients had prolonged 
hospitalization lasting 20 to 27 days 
because of wound infections or a 
wound dehiscence. 

At the time of discharge from the 
hospital, five patients had roentgen- 
ograms that disclosed substantial 
gastric retention of barium at two 
hours. In one of these patients, the lu- 
men of his pylorus at operation was 
smaller than that in any other patient 
but, in addition, the anterior vagus 
nerve was accidently cut. He was the 
only patient in this group to have any 
postoperative symptoms. At oper- 
ation, the pyloric lumen of the other 
four patients was considered ade- 
quate in two and widely patent in 
two. 

At the time of discharge from the 
hospital, the overnight gastric resid- 
ual level was 41.8+ SD 34.2 ml and 
ranged from 100 to 135 ml in four pa- 
tients. Three of these were among the 
five patients who had demonstrated 
some gastric retention of barium. The 
gastric residual was not substantial 
in the other two patients with barium 
retention. At the time of discharge, 
one patient complained of mild dys- 
phagia and one of early satiety. None 
complained of nausea, vomiting, or 
gastric distress. 


Late Postoperative Studies 


Symptoms.—At two months, ten 
of 32 patients had mild symptoms 
(Table 1), five had early satiety, one 
had occasional vomiting with over- 
eating, and one had epigastric dis- 
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tress. Three patients had early dump- 
ing related to intake of milk or 
sweets and one complained of nausea 
associated with ingestion of milk. 
These symptoms were eliminated by 
avoiding eating milk and sweets. One 
patient had mild dysphagia. No pa- 
tient had clinical or roentgenographic 
evidence of hiatus hernia or esoph- 
ageal reflux. 

At six months, ten of 30 patients 
had gastrointestinal 
Three of five patients who experi- 
enced early satiety at two months 
still had the same complaint. The 
three patients who had early dump- 
ing at two months continued to have 
that symptom unless they avoided 
milk or excess sweets in their diets. 
Mild, late dumping occurred in one 
patient and fullness and the feeling 
of gas after eating was complained of 
by another patient. One patient expe- 
rienced burning epigastric pain re- 
lieved by antacids. His stomach and 
duodenum were adequately examined 
by endoscopy and appeared com- 
pletely normal. Two patients had oc- 
casional vomiting. Of the eight pa- 
tients with a marginally adequate 
pylorus at operation, none had signs 
or symptoms of obstruction. All 
symptoms at six months were minor 
and did not detract from what the pa- 
tients considered as very good results. 

Fourteen patients have been exam- 
ined thus far at one year. None of the 
patients who complained of early 
satiety at six months were examined. 
One of the three patients with early 
dumping was examined and contin- 
ued to have this complaint. The one 
patient with epigastric pain at six 
months still complained of pain but, 
again, endoscopy failed to identify 
any disease. His insulin test result 
had become positive between 6 and 12 
months. A patient, previously asymp- 
tomatic, returned at eight months, 
complaining of severe joint pains and 
epigastric distress. He had ingested 
15 aspirin tablets a day for a month. 
His gastric complaints were due to re- 
currence of a large gastric ulcer that 
he had preoperatively in addition to a 
duodenal ulcer. A diagnosis of poly- 
myositis and polyarteritis was made. 
The patient’s joint symptoms contin- 
ued and his ulcer failed to heal. It was 


complaints. 


necessary to begin prednisone treat- 
ment and at the end of two months 
his joint pains greatly improved, his 
abdominal pain disappeared, and he 
fully regained his weight. When he 
underwent gastroscopy 14 months 
postoperatively, the gastric ulcer 


_ was completely healed. 


Ability of the Stomach to Empty Af- 
ter Parietal Cell Vagotomy.—These 
data are presented in Table 2. At the 
time of discharge from the hospital 
after operation, none of the five pa- 
tients who had significant barium re- 
tention at two hours had any symp- 
toms, although three were in the 
group of four patients with high over- 
night gastric residuals. Two months 
after operation, two patients had 
overnight gastric residuals of 110 and 
190 ml, respectively, but were asym- 
tomatic. Neither patient had reten- 
tion of barium. Six patients had re- 
tention of barium after two hours and 
two of these patients had symptoms 
that might be attributed to gastric 
retention. Two of the five patients 
who had retention of barium immedi- 
ately after operation had retention of 
barium at two months. Six months af- 
ter operation, three patients had 
overnight gastric residuals between 
100 and 150 ml and two patients had 
retention of barium. Only one of 30 
patients had barium retention and a 
gastric residual above 100 ml; this 
was the patient who had a very nar- 
rowed pylorus and whose anterior 
vagus was accidently cut. He was the 
one patient who had a persistently 
high overnight residual and retention 
of barium from the time of operation. 
This patient’s only complaint at any 
time, however, was a feeling of full- 
ness. He gained 3.9 kg (nine lb) after 
operation and was very satisfied with 
the results. Of the 14 patients fol- 
lowed up for one year, no patient had 
symptoms suggestive of gastric emp- 
tying difficulty, no patient had a high 
gastric residual, and no retention of 
barium was observed in the three pa- 
tients in whom upper-gastrointesti- 
nal tract reentgenograms were made. 

Bowel Habit.—After PCV, most pa- 
tients stated that their bowel move- 
ments were more regular, although a 
few thought they were more consti- 
pated. At two months, two patients 
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Table 1.—Number of Patients With 
Gastrointestinal Complaints After 
Parietal Cell Vagotomy 









Time After 
Operation, mo 


No. of 
patients studied 
Symptons 
Early satiety 
Early eumping 






32 





Table 3.—Work Status ef Patients 
After Parietal Cell Vagotomy* 


Time After 
Operation, mo 
2 6 
No. of paients 32 30 14 


Full-time work 14 20 10 
Part-time work 2 4(1) 0 
No work 16 (3) 6(4) 4(3) 


* Numbers within parentheses indicate 
patients whowere retired before undergoing 
operation. 


Table 5.—Evaluation of Clinical 
Results ef Parietal Cell Yagotomy 


Time After 
Operation, mo 


No. of 
patients studied 32 30 14 


were having two liquid stools a day. 
In one patient this pattern was un- 
changed from the preoperative condi- 
tion and im the other liguid stools 
accompanied symptoms of mild 
dumping and did not occur when 
dumping was prevented by the elimi- 
natien of excessive sweets from the 
diet. This was the patient in whom 
the posterier vagus nerve was in- 
jurec. He had no diarrhea at six 
months.. 7 

Six months postoperatively, one pa- 
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At 
Discharge 

No. of patients 

studied 35 
Gastric residual, ml 

ESD 42 + 34 
No. of patients 

studied 35 


Barium retention 


= Table 2.—Ability of the Stomach to Empty After Parietal Cell Vagotomy 





Time After Operation, mo 
2 | , 6 12 
29 of 30 11 of 14 
+ 38 33 + 34 30+19 
15 of 30 3 of 14 






2 0 

























Hydrochloric 
acid reduc- 
tion, % 





tient reported having two episodes a 
month of five to six liquid stools a day 
for one or two days. Diarrhea in this 
patient was associated with mild 
dumping after ingestion of milk. This 
patient’s diarrhea persisted at 12 
months. 

Work Status.—Table 3 shows the 
work status of the patients. At six 
months after operation, 83% of the 
patients had returned to their preop- 
erative work status. Thirteen of the 
14 patients seen at 12 months have 
returned to their preoperative work 
status. The exception was the patient 
who developed polymyositis and poly- 
arteritis. 

Weight Status.—The capacity of pa- 
tients to eat and gain weight after 
PCV was impressive. Six months af- 
ter operation, the patient’s discharge 
weights had been exceeded by 9.9 kg 
(22 lb), equaled by 1.3 kg (3 lb), 
and decreased by 0.4 or 0.9 kg (1 or 2 
lb) in three patients. Twenty-two 
patients exceeded or equaled their 
preoperative weight at six months. 
One patient weighed less than his 


Table 4.—Results of Gastric Secretory Studies After Parietal Cell Vagotomy 


al 


Preoperative 2 6 12 
No. of 
patients 
studied 35 32 29 of 30 13 of 14 
mat aaa” OOOO 
BAO MAO IAO BAO MAO IAO BAO MAO IAO BAO MAO IAO 
Hydrochlo- 
ric acid, 
mean : 
mEq/2hr 8.5 67.8 41.2 1.7 24.3 2.0 3.1 28.8 4.2 1.3 17.8 3.1 
+= SD 6.0 21.3 18.7 2.6 17.4 2.8 3.9 17.2 7.1 1.6 12.9 4.0 


77.1 65.5 95.1 
26.9 20.1 9,1 


Time After Operation, mo 





74.3 61.7 88.8 78.4 68.6 94.1 
30.8 17.6 21.9 26.8 22.0 7.7 





ideal weight (taken from the Metro- 
politan Life Insurance chart). Of 
those patients complaining of any 
postoperative symptom, the weights 
of all but two equaled or exceeded 
their preoperative and discharge 
weights. The two patients with symp- 
toms who lost weight each lost 0.9 kg 
(2 lb). Neither had gastric retention 
of barium on roentgenographic stud- 
ies or had a significant overnight gas- 
tric residual. The one patient who had 
retention of barium and a high over- 
night gastric residual at each study 
period equaled his preoperative 
weight of 83.3 kg (185 lb) and ex- 
ceeded his discharge weight by 3.1 kg 
(7 lb). Twelve months after operation, 
the patient with polymyositis was the 
only patient whose weight did not 
equal or exceed both his preoperative 
and discharge weights but at 14 
months this patient also had regained 
his preoperative weight. 

Secretory Studies.-The secretory 
results preoperatively and at 2, 6, and 
12 months after operation are seen in 
Table 4. The mean BAO and IAO 
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were greater at six months than 
at two months. The MAO was un- 
changed at six months from the two- 
month value. The percent reduction 
in these values did not change sub- 
stantially compared with the preoper- 
ative value, except for the IAO. 
As more patients are tested at 12 
months, the secretory values will be 
more consistent with those noted at 
six months. Eleven of 32 patients at 
two months, 12 of 29 at six months, 
and five of 13 at 12 months had posi- 
tive insulin tests, as judged by Hol- 
lander’s criterion. Two patients’ tests 
became positive at six months, which 
had not been positive at two months. 
At one year, three patients’ tests 
were positive that had not been posi- 
tive at either two or six months. In 
those patients with a positive insu- 
lin test at six months, the MAO was 
greater than 35 mEq in 73% and in 
those patients with a negative insulin 
test, the MAO was less than 35 mEq 
in 88%. Of those patients with a posi- 
tive insulin test, six of 11 at two 
months, five of 12 at six months, and 
three of five at 12 months had posi- 
tive tests in the second hour. 
Evaluation.—The results of surgery 
based on the patient’s subjective eval- 
uation are recorded in Table 5. All but 
one were satisfied with the results of 
their operation and rated the outcome 
either excellent or good. The patient 
with polymyositis and recurrent ulcer 
was the one exception. At 14 months 
postoperatively, he had been receiv- 
ing prednisone therapy for two 
months, his ulcer had completely 
healed, and he had fully regained his 
weight. He had no gastric symptoms 
and his polymyositis was controlled. 
The patient’s ultimate outcome is still 
uncertain and whether the operative 
procedure can be considered a success 
or failure can not be determined at 
this time. It might be considered 
highly successful if we had some way 
to evaluate his course had he under- 
gone some other gastric procedure. 


Comment 


Surgical treatment of duodenal ul- 
cer has depended on: (1) reduction of 
acid secretion by resection of the 
parietal cell mass; (2) resection of the 
antrum as the main source of gastrin; 
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(3) desensitization of the parietal cells 
by truncal or selective vagotomy; or 
(4) some combination of these proce- 
dures. Major complications are associ- 
ated with each of the established op- 
erative procedures. First, mortality is 
increased in patients undergoing gas- 
tric resection when an intense in- 
flammatory response in the vicinity 
of the ulcer makes dissection of the 
duodenum difficult. Second, dumping 
and other alimentary symptoms occur 
frequently after the removal, destruc- 
tion, or bypass of the pyloroantral 
mechanism that normally discharges 
small aliquots of chyme inter- 
mittently from the stomach and pre- 
vents reflux of duodenal contents. 
Third, episodic diarrhea is occasion- 
ally associated with truncal vagotomy 
in combination with any gastric pro- 
cedure. Finally, recurrent ulcer is a 
major complication of any operation 
that fails to reduce adequately acid 
secretion. One might anticipate that 
PCV without drainage would obviate 
the first three complications. In fact, 
our study confirms the reduction in 
the occurrence of diarrhea and dump- 
ing following PCV without drainage 
that was reported by Johnston et al! 


and Humphrey et al’ in patients stud- 


ied up to 2% years after operation. 
The successful prevention of recur- 
rent ulcer depends on an adequate 
and persistently maintained reduc- 
tion of acid secretion. The fact that 
there have been no recurrent ulcers is 
encouraging, but it is recognized that 
a meaningful statement can not be 
made at this time about the potential 
for the patients to ultimately develop 
this complication. Based on the low 
incidence of gastric complaints ob- 
served and the low recurrence rate re- 
ported by others, PCV without drain- 
age appears to be an ideal operation. 
It is necessary, however, for other 
surgeons to demonstrate that this op- 
eration can be performed with an 
equally low recurrence rate before it 
can be generally accepted. 

None of the widely used operative 
principles for treatment of duodenal 
ulcer has as its objective the enhance- 
ment of a defensive mechanism that 
protects against ulceration. In fact, 
each of the three major operative 


principles mentioned above has an 
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ulcerogenic potential. Gastrectomy 
without vagotomy permits gastrin re- 
lease from the intestine to act on 
parietal cells that have not been de- 
prived of their vagal sensitivity. This 
is more evident after a Billroth I than 
after a Billroth II anastomosis where 
the duodenum, rich with gastrin, is 
permitted contact with gastric con- 
tents. Truncal vagotomy decreases 
the release of secretin from the 
duodenum.” Loss of the inhibitory ef- 
fect of this hormone on gastric secre- 
tion may adversely affect the occur- 
rence of recurrent ulcer. More 
recently, it was reported that section 
of the extragastric vagi, as occurs in 
truncal vagotomy, is responsible for 
the loss of an unidentified humoral in- 
hibitor of gastric secretion from the 
duodenum or small bowel that is de- 
pendent on efferent vagal fibers.'* It 
is the loss of this inhibitor factor, 
rather than antral hyperfunction due 
to stasis, that is responsible for in- 
creased acid secretion from a Heiden- 
hain pouch in response to feeding af- 
ter truncal vagotomy, since serum 
gastrin levels in dogs do not rise. 
There is no confirmation that this in- 
hibitor occurs in man as it does in 
dogs. Finally, pyloroplasty or gastro- 
enterostomy permits gastric reflux of 
duodenal contents, which causes in- 
creased antral stimulation’ and dis- 
ruption of the gastric mucosal bar- 
rier,’ making the mucosa more 
susceptible to ulceration by the hy- 
drogen ions present in response to 
gastrin. These considerations are 
speculative but they are worthy of 
consideration because of the physi- 
ological data on which they are based. 

The best operation for prevention 
of recurrent ulcer, at the present 
time, is antrectomy and truncal va- 
gotomy.’® While the side effects asso- 
ciated with this operation are gener- 
ally insignificant, in most patients 
they occur often enough that an oper- 
ation that would further reduce them 
and at the same time not increase the 
recurrence rate would be desirable. 
There are several reasons that ex- 
plain the reported early, good results 
of PCV without drainage. Retention 
of the entire stomach provides an ad- 
equate reservoir for food. Retention 
of the pyloroantral pump permits 
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regulated emptying of the stomach 
and preveats duodenal reflux. This re- 
duces the incidence of dumping, pre- 
vents stimulation of the antrum, and 
protects the gastric mucosal barrier 
frem reflax of duodenal contents. 
Preservat on of the extragastric vagi 
permits rormal release of secretin 
from the Cuodenum.” If a humoral in- 
hibitor of gastrin-stimulated secre- 
tion other than secretin is present in 
the duodenum or antrum and is me- 
diated by efferent vagal fibers, this 
may be preserved as well. 

The twc potential disadvantages of 
= PCV without drainage are failure of 
the stomach to empty due to exces- 
sive gastric denervation or stenosis of 
the pylorus and increased gastrin re- 
lease from an innervated antrum. In 
this series there was no instance in 
which the stomach failed to empty 
postoperatively because of cicatricial 
narrowing of the pylorus or loss of 
antral metility due to its excessive 
denervation. A few patients had de- 
layed emptying buz it has not been an 
important problem. In this series, the 
patient with the longest delay in gas- 
tric emptying was the one in whom 
the anterior vagus was cut. The stom- 
ach will əmpty satisfactorily if the 
antrum is not excessively denervated, 
even though the pylorus will accept 
enly a thumb and forefinger at the 
time of eperation. If the pylorus is 
widely petent at operation, denerva- 
tion of tae antrum is probably less 
eritical with respect to its ability to 
empty postoperatively. 

Identification of the junction be- 
tween the antrum and fundus was 
net a diffeult problem. Johnston et al’ 
suggested that this junction was 
identifiable by noting the point that 
the anteror nerve of Latarjet crossed 
on the stomach. Estimation of the 
junction >y this means was quite ac- 
eurate waen verified after denerva- 
tion by ase of an intragastric pH 
probe to map the acid response to 
betazole stimulation. The anterior 
nerve of Latarjet was always visual- 
ized and sould be used as a landmark, 
even in cbese patients. Concern that 
the stomach might not empty satis- 
factorily after PCV if a drainage 
_ procedure was not performed has 
promptec several studies. Klempa et 
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- al” reported that antral motility de- 


creased as denervation of the antrum 
was progressively increased, and Bass 
et al’ reported that the contractility 
of the antrum was not markedly al- 
tered after PCV. The antrum in man 
has been reported to display normal 
high amplitude, propulsive waves in 
response to feeding after PCV.” Wil- 
bur and Kelly” showed that gastric 
emptying of spheres (solids) was 
unaltered after PCV without drain- 
age, because terminal antral con- 
tractions remained normal. Thus, 
observations of humans and animals 
indicate that PCV of the stomach can 
be done without adversely affecting 
gastric emptying. Therefore, if the 
size of the pyloric lumen is adequate 
and the antrum is innervated, a pa- 
tient’s stomach will empty satisfac- 
torily after PCV without drainage. 
Absence of clinical symptoms of gas- 
tric retention among patients who 
demonstrated delayed emptying of 
barium might be explained by the ob- 
servations of Wilbur and Kelly” that 
gastric emptying of liquids is con- 
trolled by gastric transmural pressure 
of the vagally innervated fundus, 
while the gastric emptying of solids is 
regulated by the terminal antral con- 
tractions of the vagally innervated 
antrum. 

The second disadvantage of PCV 
without drainage is that retention of 
an innervated antrum may be a po- 
tential liability because of vagally re- 
leased gastrin and the increased sen- 
sitivity of innervated antral mucosa 
to chemical stimuli.” This was sug- 
gested by the report of Amdrup and 
Griffith that acid secretion from a 
Heidenhain pouch was 47% greater 
after PCV with drainage than after 
total gastric vagotomy without drain- 
age. In contrast to these studies, 
Johnston et al”? reported that acid 
output by patients in response to a 
meal was the same after PCV with- 
out drainage as it was after bilateral 
selective vagotomy without drainage. 
They concluded that the gastric an- 
trum need not be vagally denervated 
provided it is well drained and in con- 
tinuity with the “acid stream.” In ad- 
dition, vagally released gastrin has 
not been demonstrated in man to be 
of major importance in promoting 


gastric secretion in response to vagal 
stimulation, as it has been in dogs. On 
the contrary, vagally released gastrin 
may exert only a minor role in the 
vagal phase of gastric secretion 
in man.?* Other investigators*****”° 
have reported evidence that the in- 
nervated antrum may inhibit acid se- 
cretion and be an asset rather than a 
liability. Presently, there is no con- 


vincing evidence that retention of the 


innervated antrum has a beneficial or 
an adverse effect on acid secretion in 
the duodenal ulcer patient. 

In a previous study employing 
truncal vagotomy, Condon and I re- 
ported that diarrhea occurred in 13% 
of the patients. In the present 
study, no patient at any time has had 
diarrhea of a similar degree. The only 
patient with diarrhea at two months 
had had the posterior vagus nerve in- 
advertently cut at operation. The 
diarrhea ceased at six months and has 
not returned. At six months, one pa- 
tient had diarrhea twice a month, 
consisting of five to six liquid stools a 
day for one or two days. This patient 
had mild, early dumping but he was 
also a confirmed alcoholic. It was not 
clear whether his diarrhea was associ- 
ated with alcoholic binges or with 
dumping. The patient who sustained 
injury to the anterior vagus nerve 
had no diarrhea. The overall incidence 
of diarrhea was 3%, which corre- 


sponded closely with the 2% re- 


ported by Johnston et al.* At two 
months, three patients had early mild 
dumping that persisted at six months 
but was of no concern to them. In one 
of these patients, the posterior vagus 
nerve had been injured. The incidence 
of mild dumping with PCV without 
drainage was 9% at two months and 
10% at six months, which was not 
too dissimilar from the 5% reported 
by Humphrey and associates.’ 

The insulin test results were posi- 
tive in 34%, 41%, and 38% of the pa- 
tients at 2, 6, and 12 months after oper- 
ation. The number of patients tested 
at one year was small but if it is as- 
sumed that those patients who had 
positive results at six months would 
have positive results at one year, the 
percent of positive insulin test results 
would be 58%. This is not dissimilar 
from the 54% reported by Johnston et 
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al who also showed a gradual in- 
crease in the number of positive insu- 
lin test results during the first year 


after operation. The reduction of 


BAO by 74.8% and MAO by 61.7% was 
also not too dissimilar from reduc- 


tions of 87% and 55%, respectively, re- 


ported by Johnston et al.° While it is 
too early to predict the recurrence 
rate after PCV without drainage, it 


was encouraging that there were no 


recurrent duodenal ulcers in 30 pa- 
tients studied at six months and only 
one gastric ulcer that occurred in the 
patient with severe polymyositis and 


-polyarteritis. 
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BERNARD W. THOMPSON, MD, Little 
Rock, Ark: American surgeons have been 
slower than their European counterparts 
to adopt the PCV. There are two main rea- 


sons for this difference. First, the exten- 


sive experience with antrectomy and va- 
gotomy have shown how significant even a 
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On the basis of the preliminary re- 
sults and a recurrence rate of less 
than 1% in 280 patients followed by a 
maximum of 44 months reported by 
others,’ it was reasonable to initiate 
a prospective evaluation of PCV with- 
out drainage. The operation has not 
been used long enough to know if the 
early, good predictions will persist. 
Other operations used for treatment 
of duodenal ulcer have demonstrated 
their proclivity to develop recurrent 
ulcer in less time than PCV and have 
already been used. On the other hand, 
a much longer time was required for 
many patients to develop recurrent 
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results in some of his cases, and it is now 
generally agreed that most of the morbid- 
ity following peptic ulcer surgery relates 
to destruction of the pylorus. 

Therefore, Dr. Jordan has performed a 
service by carefully investigating this new 
operation. His initial work is encouraging. 
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However, it is disappointing to find that 
net only the dumping syndrome and diar- 
rhea are not eliminated, but some gastric 
retention is also eneountered. Never- 
theless, since this new elective procedure 
promises a ower morbidity, it is encour- 
aging to note that he has now embarked on 
a prospective, randomized study. 

Is he not a little concerned about the 
high postoperative values for maximum 
acid output in resporse to histamine? 
Would he be prepared to lead a collabora- 
tive, randomized, prospective study so that 
a better statistical assessment of advan- 
tages as wel as the disadvantages of this 
operation can be ebtained more quickly? 

JOHN L. Sawyers, MD, Nashville, Tenn: 
Dr. Jerdan has given us an excellent pre- 
sentation of the newest operation devised 
for the surgical treatment of duodenal ul- 
cer disease. We too have been interested in 
this procedure and our early results from 
PCV are also encouraging. We have found, 
however, that the operation is not appli- 
cable to all patients with duodenal ulcer 
disease, and, as Dr. Jordan has mentioned, 
it eannot be used for patients who have 
duodenal obs=ruction. 

Prefessor Hedenstedt at the recent In- 
ternational Surgical Society meeting in 
Barcelona reported that he had used proxi- 
mal gastric (parietal cell) vagotomy in 
treating patients with perforated duodenal 
ulcers and acute bleeding by either closing 
the perforatien or suture ligation of the 
bleeding vesse! through a duodenotomy 
and then performing PCY. I believe, how- 
ever, that the operation should be limited 
to patients undergoing elective operation 
for duodenal aleer without obstruction. 

We are in complete agreement with Dr. 
Jordan in that the operation should be sub- 
jected to critical comparison with other op- 
erative procedures. 

Our group at Vanderbilt University has 
started a cooperative study with Dr. Ed- 
ward Woodward from the University of 
Flordia and Dr. George Hallenbeck, a 
member of this society from the Univer- 
sity of Alabama. to perform a randomized 
trial in the clinical evaluation of proximal 
gastric vagotomy, comparing it te selective 
gastrie vagotomy and pyloroplasty. 

It is much too early to give any report on 
this study, except to say that we have been 
impressed with the low morbidity follow- 
ing proximal gastric vagotomy; there has 
been no mortality. Also, there have been no 


_ recurrent ulcers and the postoperative gas- 
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tric secretion studies show a substantial 
decrease in basal acid output, as reported 


by Dr. Jordan. 


Several European surgeons and Profes- 
sors Goligher and Johnston from Leeds 
have had extensive experience with this 
operation. Their studies indicate one note 
of warning about PCV. Similar results 
from Prof Amdrup’s clinic in Denmark 
were reported at the Barcelona meeting. 
Among 126 patients with PCV, he reported 
a pronounced increase in the percentage of 
positive Hollander tests one year after op- 
eration. The Leeds group also reported an 
increase in the number of patients with 
postoperative positive Hollander tests. One 
week following operation, 3% of their pa- 
tients had positive tests; at one year, 51%; 
and at two years, 80%. 

This presents the question of possible 
vagal reinnervation of the parietal cell 
mass. However, the clinical results are 
encouraging; Goligher and Johnston have 
had no recurrent duodenal ulcers in 280 pa- 
tients; and Amdrup has had no recurrent 
duodenal ulcers in 126 patients, but has 
had two gastric ulcers develop. 

I believe proximal gastric vagotomy 
needs to be evaluated in centers that per- 
form careful follow-up studies, such as Dr. 
Jordan has described to us this morning. 
His paper elaborates in detail the meticu- 
lous preoperative and postoperative stud- 
ies that he has so carefully performed. His 
scholarly presentation is the first well- 
documented evaluation of patients under- 
going PCV in this country. He is deserving 
of our thanks for this well-executed study 
as his paper sets high standards for those 
of us interested in this new operation. 

Dr. JORDAN: I appreciate Dr. Thomp- 
son’s remarks as well as those by Dr. Saw- 
yers. We, too, were concerned about the re- 
tention of an innervated antrum as was 
indicated on one of the slides. Results of 
the experiment that Dr. Thompson refers 
to as evidence that retention of the antrum 
may be undesirable is open to a different 
interpretation than was originally given. 

Dr. Dragstedt believed that after trun- 
cal vagotomy gastric stasis produced hy- 
perfunction of the antrum and that this ac- 
counted for the increased acid secretion 
from a Heidenhain pouch. It has been 
shown experimentally that serum gastrin 
does not increase under this situation, thus 
suggesting that antral hyperfunction is 
not the cause for increased gastric secre- 
tion. Without going into all the details, 


there is evidence to show that the sensi- __ 
tivity of denervated parietal cells to gas- 
trin is increased after the extragastric 


vagi are cut. This is a very important 
point. It suggests the possibility that there 
is an inhibitory factor that is controlled by 
these vagal fibers and that the increased 
acid secretion from a Heidenhain pouch af- 
ter truncal vagotomy is due to the section 
of the extragastric vagi that are preserved 
with PCV. This will have to be studied fur- 
ther, but it is clear that this does occur in 
dogs. Whether it also occurs in man is un- 
known. 

With respect to the question regarding 
high values for the maximal acid output, I 
would just stress that the inhibition of the 
maximal acid output was about 65%. This 
is the degree of reduction in this measure- 
ment that has been demonstrated by al- 
most all investigators studying this proce- 
dure. 

I think that it is well that Dr. Sawyers 
and his group are doing a collective type of 
prospective study. It should be done and 
will perhaps contribute some answers more 
quickly than will a study done by an indi- 
vidual. I would prefer not to enter such a 
study for there is probably some virtue in 
having both types. By an individual study, 
such as I am engaged in, we may avoid the 
variability in patients, performance of the 
operation evaluation, and interpretation 
that may arise when data are compiled 
from more than one center. 

We have used PCV in one patient with 
perforation. I believe that if the operation 
is shown to be a worthwhile procedure in 
the elective patient, it will be a valuable 
compromise between simple closure and 
the more extensive procedures for defini- 
tive therapy of perforated duodenal ulcers 
that are currently being used. We have not 


used PCV in the treatment of acute bleed- — 


ing. The number of positive insulin tests in 
our series is 53%, precisely that which has 
been reported by Goligher, David Johnson, 
and others. 

I do not believe that PCV is ready to be 
recommended for routine use in the surgi- 
cal management of duodenal ulcer. It ap- 
pears to be a promising operation, but it 
must first be thoroughly evaluated and its 
limitations established. If this is not done, 
there is serious risk that a potentially good 
operation will be discredited and aban- 
doned before it has been given a fair 
chance. 
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Malignant Gastrinoma 


Following 


Total Gastrectomy 


Edward Passaro, Jr., MD, H. Earl Gordon, MD, Los Angeles 


Half of all patients with the Zollinger-Elli- 
son syndrome treated by total gastrectomy 
will eventually die from their tumor. The 
clinical course of four patients observed for 
at least four years is discussed. Three pa- 
tients had liver metastases, responsible for 
the death of two and seriously affecting 
the third. The fourth had extensive tumor 
around the pancreas plus mesenteric metas- 
tases that were removed. The patient is 
doing well. Hepatic artery ligation, strepto- 
zotocin therapy, and internal radiation of the 
tumor were tried in an attempt to control the 
hepatic metastases. Hepatic scans, the se- 
rum gastrin response to calcium infusion, 
and hepatic angiography are useful tech- 
niques to assess continued tumor growth 
following total gastrectomy. 


e Zollinger-Ellison syndrome 

(ZES) results from the excessive 
elaboration of the hormone gastrin by 
certain tumors (gastrinomas). While 
the severe and potentially lethal ulcer 
complications from hypergastrinemia 
have been emphasized, the gastri- 
nomas have been regarded as either 
benign or only mildly malignant. To- 
tal gastrectomy, for example, was not 
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only effective in alleviating the ulcer 
diathesis but on occasion produced 
dramatic regression of tumors.’ In 
general, death from malignant 
spread of gastrinomas following total 
gastrectomy was not expected. 

As long-term experience with these 
tumors has accumulated, a different 
clinical picture has emerged. In con- 
trast to earlier impressions, half of all 
patients treated by total gastrectomy 
for the ZES will eventually die from 
their tumor (S. D. Wilson, MD, writ- 
ten communication, September 1973). 
Moreover, the advent of serum gas- 
trin assay and other screening and 
diagnostic tests have caused a recent 
exponential increase in the reported 
cases of the ZES. Thus, death from 
malignant gastrinomas following to- 
tal gastrectomy can be expected to be 
encountered with increasing fre- 
quency. 

We report four patients with ma- 
lignant gastrinomas who have been 
observed at least four years after to- 
tal gastrectomy. Their clinical course 
and response to various modes of 
therapy is described. A plan for the 
evaluation of tumor growth following 
total gastrectomy is suggested. 


Report of Cases 


Case 1.—A 41-year-old white man was 
noted in 1962 to have a duodenal ulcer. Two 
years later, high basal acid levels sug- 
gested the diagnosis of the ZES. The pa- 
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Fig 1.—Celiac axis angiogram demon- 
strates single huge metastasis. Hepatic ar- 
teries are stretched around tumor mass. 
Note small remnant of normal liver (lower 


right). 


Fig 2.—Liver on postmortem examination 
shows thin rim of normal parenchyma sur- 
rounding huge tumor mass. 


Fig 3.—Left, Hepatic artery angiogram. 
Note size of left hepatic artery in relation to 
right and large tumor masses replacing left 
lobe. Right, Second angiogram 39 days af- 


ter ligation of left hepatic artery. Note en- 


largement of right hepatic artery and exten- 
sive collateral circulation. 


Fig 4.—Serum gastrin concentrations 
following left hepatic artery ligation and 
streptozotocin administration. 


tient was diabetic. Pancreatic calcifica- 
tions were present on x-ray films of the 
abdomen. Severe epigastric pain and 
diarrhea developed in July 1965, at which 
time a near-total gastrectomy was done at 
another hospital. A firm mass was found in 
the body and tail of the pancreas, and a 
metastatic gastrinoma nodule, confirmed 
by biopsy, was discovered in the liver. His 
clinical course was marked by peptic 
esophagitis, increasing insulin require- 
ments, jaundice, hypoalbuminemia, and 
anemia. Postmortem examination in Sep- 
tember 1969 showed massive metastases 
confined to the liver. The pancreas was al- 
most completely replaced by tumor. 

Despite the presence of a large tumor 
and metastases at the time of total gas- 
trectomy, over four years elapsed before 
the patient died from his tumor. Death re- 
sulted from liver failure and not distant 
metastases. 

Case 2.—A 45-year-old black man had a 
vagotomy and hemigastrectomy in 1965 
for a chronic duodenal ulcer. At operation, 
a small nodule in the right lobe of the liver 
was found to be a metastatic islet cell tu- 
mor. A careful search of the pancreas and 
duodenum failed to show a primary tumor. 
Shortly thereafter, ulcer symptoms re- 
curred, and in January 1969, a total gas- 
trectomy was done. A single liver metasta- 
sis, 7 cm in diameter, and a 4cm 
pancreatic tumor were noted. Postopera- 


tively there was slow but progressive en- 


largement of the hepatic mass. In 1971, the 
patient developed symptoms of weakness 
and transient “blackout” spells that he 
characterized by weakness, unsteadiness, 
mental confusion, and brief periods of un- 
consciousness. These were unaccompanied 
by sweating, seizure activity, or urinary or 
fecal incontinence. The attacks were unre- 
lated to meals or exercise. Results of four 
blood glucose determinations obtained 
within minutes after the “attacks” were 
all normal. In August 1972, the patient was 
readmitted because of right-sided abdomi- 
nal pain, anemia, hypoproteinemia, periph- 
eral edema, and weakness. Basal serum 
gastrin levels were very high. Celiac axis 
angiography showed a single huge hepatic 
metastasis (Fig 1) that had nearly replaced 
the organ. Only a small remnant of liver 
could be identified. 


We considered the mass to be too large 


for surgical removal or systemic chemo- 
therapy treatment. Hepatic artery ligation 
was not acceptable as it would sacrifice the 
blood flow to the scant remaining liver. 
Similarly, tumor radiation by external 
sources would not spare the remaining he- 
patic parenchyma and therefore was con- 
sidered to be too hazardous. Accordingly, 
an attempt was made to radiate the tumor 
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by an internally placed radioactive source. 
First, a test dose of 2 millicuries of tech- 
netium Te 99m sulfur colloid (size approxi- 
mately 20 units, gamma-particle emittor) 
was injected into the common hepatic ar- 
tery by catheter. The test dose was en- 


- trapped and localized in the hepatic tumor 


mass. No radioactivity was noted in the 
lungs. Then, 70 millicuries of yttrium Y 90 
microspheres (size approximately 20 units, 
beta-particle emittor) were injected. The 
microspheres were calculated to provide a 
tumor dose of 3,000 to 3,500 rads while 
sparing the remaining normal hepatic par- 
enchyma. Hight days later, the patient 
gradually developed a left hemiplegia and 
became comatose. Xanthochromatic fluid 
and red blood cells (RBC) were recovered 
by a spinal tap. At postmortem, there was 
evidence of a subarachnoid hemorrhage. 
The only tumor found was the hepatic me- 
tastases, which did not show evidence of 
radiation damage (Fig 2). 

CasE 3.—In July 1964, a 43-year-old man 
was seen for elective repair of an incisional 
hernia. Two years previously, he had had a 
vagotomy and pyloroplasty for a bleeding 
duodenal ulcer and excision of a small nod- 
ule in the liver. The tumor was recognized 
as a malignant gastrinoma. The abdomen 
was explored at the time of the hernia re- 
pair and no other tumor was found. In 
June 1966, he was readmitted because of 
severe ulcer symptoms. He had a syncopal 
attack in the hospital that was thought to 
be due to hypoglycemia, but this was not 
documented. A total gastrectomy was per- 
formed and large metastatic deposits were 
noted in the liver. 

The patient did well for the next four 
years. The hepatic metastases that were 
felt prior to the total gastrectomy could no 
longer be palpated and his syncopal at- 
tacks subsided. By 1970, the attacks had 
returned and had become progressively 
more severe. Results of liver function tests 
were within normal limits. He had several 
periods of unconsciousness requiring 
emergency care. He was not diaphoretic or 
incontinent. His symptoms were always 
ascribed to hypoglycemia that, although 
investigated on many occasions, was never 
found. During a recent attack, blood ob- 


tained for both glucose and insulin was 
~ ` normal. Both the basal serum gastrin con- 
centration and the level after calcium infu- 


sion were elevated. 

Hepatic artery angiography showed nu- 
merous metastatic lesions in the liver with 
almost complete replacement of the left 
lobe (Fig 3, left). The left hepatic artery 
was noted to be several times larger than 
the right. Ligation of the left hepatic ar- 
tery was accomplished, and the serum gas- 
trin concentration fell to approximately 
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one third of the previous value. A second 
angiogram 39 days following operation 
showed enlargement of the right hepatic 
artery and extensive collaterals (Fig 3, 
right). Serum gastrin levels returned to 
preligation values in three months (Fig 4). 

Postoperatively, he had a transient ele- 
vation of serum bilirubin and alkaline 
phosphatase levels that have subsequent- 
ly returned to normal. He has received a 
course of streptozotocin therapy (0.5 gm/ 
sq m administered intravenously every six 
hours). At present, he feels well and is no 
longer anemic. 

This patient has also been incapacitated 
by blackout spells that are unexplained. 
Hepatic artery angiography permitted 
identification of the location and extent 
of the metastases and their blood supply. 
This information was utilized to treat the 
patient by selective left hepatic artery li- 
gation. 

CasE 4.—In 1966, a 36-year-old man had 
a vagotomy and pyloroplasty for ulcer 
symptoms. Metastatic tumors of the peri- 
pancreatic lymph nodes were removed. The 
primary was not located, but a nonfunc- 
tioning adrenal tumor and a parathyroid 
adenoma were also removed. 

In September 1968, a total gastrectomy 
was necessary for severe ulcer symptoms. 
While the liver was noted to be free of 
metastatic deposits, 28 gm of metastatic 
tumor above the body of the pancreas and 
in the mesentery were also removed. The 
patient has remained asymptomatic. Se 
rum gastrin values, in response to a cal- 
cium infusion, show only a small rise over 
basal values. While peripancreatic metas- 
tases were found at the initial operation, 
no hepatic metastases were present at the 
time of total gastrectomy four years later. 
Total gastrectomy and the removal of 
metastatic deposits have been effective in 
maintaining good health for five years. Se- 
rum gastrin concentrations are normal. 


Comment 


In their initial report, Zollinger and 
Ellison described a patient with met- 
astatic islet cell tumor to regional 
lymph nodes in whom they did a total 
gastrectomy. Ten years later, a cho- 
lecystectomy was done and no resid- 
ual metastases found’; now, 19 years 
later, the patient continues to enjoy 
excellent health. Others have re- 
ported a similar experience where 
metastatic tumors identified at an 
initial operation were no longer pres- 
ent at a subsequent exploration.’ 

However, as data have accumulated 
in the Zollinger-Ellison tumor reg- 
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istry maintained by Dr. Stuart Wil- 
son, it has become clear that at least 
half the patients will subsequently 
die of their metastatic tumor. Sixteen 
of 33 late survivors following total 
gastrectomy subsequently died of 
metastatic disease. (S. D. Wilson, MD, 
written communication, September 
1973). 

Metastatic spread in our patients 
has been confined to the peripan- 
creatic region and the liver. Tumor, 
when present in the liver even as 
small isolated nodules, has been asso- 
ciated with a slow but inexorable tu- 
mor growth. Our experience would 
also indicate that long-term follow-up 
is required to fully evaluate the re- 
sults of surgery. It is interesting to 
note that, despite the tumor’s size 
and duration in our patients, there 
was no progression to extra-abdomi- 
nal sites. 

The clinical features of large liver 
metastases are surprisingly minimal. 
Over the years we have noted no he- 
patic function test useful in detecting 
the presence of hepatic lesions. He- 
patic scans were done on all our pa- 
tients and correctly identified metas- 
tases in the three patients. Hepatic 
artery angiography has given strik- 
ing proof of liver metastases. Fur- 
ther, angiography gives information 
as to the source and extent of the 
blood supply sustaining the tumor, 
which may be of therapeutic impor- 
tance. In contrast to preoperative an- 
giography, which is of limited value,’ 
angiography following total gastrec- 
tomy appears to be effective in dem- 
onstrating intrahepatic metastases. 
In view of the lack of symptoms or 
physical findings and the propensity 
of liver metastases to continue to 
grow, early hepatic angiography 
seems warranted as a method of as- 
sessing the patient’s true clinical 
course. 3 

Steptozotocin, a new antibiotic, has 
been advocated in the treatment of 
pancreatic islet cell carcinoma.*’ Most 
of these tumors elaborated insulin 
rather than gastrin. A course of 
treatment with streptozotocin was 
given in one patient (patient 3). 
Using the serum gastrin concentra- 
tions as an indication of tumor activ- 
ity, we could discern no response to 
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this agent. In a pazient whose islet 
call tumor secreted both insulin and 
gastrin, a Gecrease in serum insulin 
bat not serum gastrin concentrations 
was noted folowing streptozotocin 
administration- 

Hepatic artery ligatiom has been 
utilized in the treatment of hepatic 
metastases.” While interruption of 
the arterial bloed flew to the tumor 
reduees pain ard produces tumor ne- 
crosis, prompt cevelopment of collat- 
eral circulation to the metastases has 


- been noted As judged by the serum 


gastrin concentration, hepatie artery 
ligation was effective for perhaps a 
three-month period in one of our pa- 
tients. 

Two of our patients have had un- 
usual blackout spells. These have been 
characterizec as momentary weak- 
ness or loss of consziousness. They 
hawe not been related to fastings, 
meals, or exerci nor accompanied by 
tremulousness, sweating, er seizure 
activity. While hypoglycemia has 
been suspeet2d and :nvestigated on 
numerous orcasians, it has never been 
established. The “attecks” have been 
ineapacitatng, preventing driving 
and indepencent activity. 

At present the most likely expla- 
nation for these attacks is tumor 
hypoglycemic. ypoglycemia from 
metastatic umors is now recognized 
as a complex metabolie disorder of di- 
verse causes.” I- most often results 
from slow-grewiag tumors ef mesen- 
chymal origin.’ Hypoglycemia may 
be difficult to domment if the attacks 
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James S. CLarxe, MD, Los Angeles: The 
Zollinger-Ellisen tumor first manifests it- 


Arch Surg/Vol 18, April 1974 


are brief. Serum insulin levels are not 


elevated.'? Current evidence suggests 
that, rather than secreting an insulin- 
like moiety, the tumor interferes with 
carbohydrate metabolism. No specific 
treatment has been advanced. 
Bozymski et al have recently re- 
ported a patient with the ZES and 
calcified hepatic metastases of 18 


years’ duration.” The patient had epi- 


sodes of agitation associated with low 
blood glucose concentrations and dis- 
proportionally elevated serum insulin 
concentrations. Following total gas- 
trectomy, the frequency and severity 
of the hypoglycemic episodes in- 
creased. It was not possible to de- 
termine if the tumor was secreting 
insulin or was responsible for 
inappropriate secretion of endoge- 
nous insulin. 

An increase in acid and serum gas- 
trin concentration in response to a 
calcium infusion has been proposed as 
a diagnostic aid in establishing the 
diagnosis of the ZES." Zollinger and 
associates have utilized the increase 
in serum gastrin concentration fol- 
lowing calcium infusion as a method 
of assessing the clinical status of pa- 
tients after total gastrectomy.’ While 
elevated basal gastrin concentrations 
were present in all six of their pa- 
tients, a large increase in serum gas- 
trin concentrations was noted in only 
those patients known to have hepatic 
metastases or residual tumor. Three 
of our patients received calcium infu- 
sions following total gastrectomy. In- 
creases in serum gastrin concentra- 
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self by a devastatingly severe ulcer dia- 
thesis that in most cases can be controlled 


tions were noted in the two patients 


with hepatic metastases but not in 
the patient without hepatic metas- 
tases. Calcium infusions may be of 
help in assessing continued tumor 
growth following total gastrectomy. 

We initially considered total gas- 
trectomy as sufficient to successfully 
treat gastrinomas, whether metas- 
tases were present or not. This article 
serves to emphasize the inadequacy 
of such an approach. We now advo- 
cate a more aggressive approach to 
the assessment and treatment of 
these tumors following total gastrec- 
tomy. This includes hepatic scans and 
measurement of serum gastrin con- 
centrations in response to calcium in- 
fusions. Marked increases in serum 
gastrin levels following a calcium 
infusion combined with a lesion on 
hepatic scan warrant hepatic angiog- 
raphy. At present, removal of addi- 
tional metastatic deposits and liga- 
tion of the hepatic artery when 
hepatic metastases are present are 
the only effective forms of treatment 
when other operative therapy is not 
warranted. 


M. Winston, MD, administered the radio- 
therapy. 

John H. Walsh, MD, performed the gastrin as- 
says. 
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only by total gastrectomy. We are in- 
debted to Dr. Zollinger for teaching the 
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$ a a. ees of early total gastrectomy and thus — 


permitting patients to survive for long pe- 


p _ riods with no stomach, hence no ulcers, and 


with unresected Zollinger-Ellison tumors. 


Ba Thus, the focus is changing from the ulcer 
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complications of hypergastrinemia to the 
ultimate results of continued growth of the 


_. malignant Zollinger-Ellison tumors, which 


this timely article by Passaro and Gordon 


~ considers. The situation would seem very 


comparable to that of malignant pheochro- 

_ mocytomas, another endocrine tumor con- 

sidered at this meeting by the Michigan 
group. 

It seems to me that the knowledge that 


half of Zollinger-Ellison tumors are malig- 


_ hant requires that the initial operation of 
_ total gastrectomy be accompanied by a 
careful assessment before and during the 
procedure with a view to removing the tu- 


= mor, if that is technically feasible. One 


` would do no less for a malignant neoplasm 
elsewhere. 


$ i Recognition of the late mortality from 


liver metastases again highlights the fasci- 
nating findings by Friesen, in Zollinger 
and Ellison’s first case, and in one case re- 
ported today that total gastrectomy may 
be followed by regression of the tumor. If 
this riddle can be better understood, we 
may have a new modality for treating 
metastatic Zollinger-Ellison tumors, analo- 
gous perhaps to endocrine pen for can- 
cer of the breast. 

The treatments described kiliy for late 
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PAREEN Zollinger-Ellison tumor in the 


liver were not very spectacular. Hepatic 
artery ligation in some 13 cases at UCLA 
by Dr. Frank Sparks does have its morbid- 
ity and mortality, though liver failure is 
rare, and its effects are fleeting due to the 
rapid revacularization. With a slow-grow- 
ing tumor, it would be more appealing to 
observe the patients by calcium infusion 
tests and hepatic angiography, with the 
view of resecting hepatic metastases be- 
fore they grow too big. 

I would like to ask the authors how the 
appreciation of the malignant aspects of 
Zollinger-Ellison tumors has modified their 
approach to the initial operation. 

LAWRENCE W. O’NEAL, MD, St. Louis: 
Target organ therapy in endocrine disease 
is really, after all, only palliative, and even 
though total gastrectomy may palliate for 
long times, recurrence of trouble can be 
expected. 

In this type of tumor and in other types 
of endocrine tumor, failure of palliation is 
not only due to later tumor aggressiveness, 


but to endocrine effects of oe amine and 


peptide hormones. 

An illustration of this was in our series 
of oat-cell tumors with Cushing syndrome 
that we attempted to palliate by adrenal- 
ectomy. We had six such patients. They 
were all relieved of their Cushing syn- 
drome, but two of them later developed 
carcinoid syndrome, four inappropriate an- 


- tidiuretic hormone, and five had fulminant 





ulcer disease, and we did not feel that we 
had effectively palliated these patients. _ 
I would like to ask Dr. Passaro if per- 


-haps the attacks in his - patients were due 


to other endocrine substances from the tu- 
mor, or if he had any evidence of other hor- 
mone substances than gastrin. 

Dr. Passaro: Dr. Clarke brought up the 
question of how this information might 


_modify our initial procedure. I think it has. 


We now know of three patients who, like 
our last case presentation, have had all rec- 
ognized tumor removed at operation. All of 
these patients have done well for periods 
of four to eight years following operation. 
Their serum gastrin concentrations were 
not elevated by a calcium infusion. This 
experience, while small, suggests that pa- 
tients can be effectively rid of their tumor. | 
I think that a reasonable attempt to re- 
move all known tumor at the initial oper- 
ation is justified. | 

The second question asked by Dr. O’Neal 
is: what other hormones may be present i in 
these tumors? 

Certainly these tumors may elaborate 
other hormones. Usually the hormones are 
present in biochemical quantities and not 
in physiological quantities. But we need 
not look past gastrin for a trophic hor- 
mone. Gastrin is an important trophic hor- 
mone, stimulating the growth of parietal 
cells and intestinal mucosa. Conceivably, 
gastrin itself may be responsible for con- 
tinued tumor growth. 
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Recurrent Pheochromocytoma 


Timothy S. Harrison, MD; Duane T. Freier, MD; Edwin L. Cohen, MD, Ann Arbor, Mich 


Seven of 28 patients had well-established 
recurrent disease following a primary oper- 
ation for control of pheochromocytoma. Two 
of these recurrences were in 23 patients 
whose primary operation had been per- 
formed by us. The other five were referred to 
us with recurrent pheochromocytoma. 

A broad range of pathologic entities is rep- 
resented in these patients. One patient had 
an asymptomatic biochemical recurrence of 
disease and one multiple benign primary 
pheochromocytoma. A third had a local re- 
currence with negative lymph nodes and a 


Poney pheochromocytoma can 
now be diagnosed and treated 
with a precision and safety that could 
not be achieved ten years ago. Vari- 
ous reports, including some from this 
institution, have described the salient 
features of modern diagnosis and 
treatment of pheochromocytoma.'-* 
In several current series, the oper- 
ative mortality for primary pheochro- 
mocytoma is less than 5%.'-° 

By contrast, recurrent pheochro- 
mocytoma is still associated with a 
less well understood set of problems 
and its treatment is accompanied by 
a substantial mortality. In the past 
seven years, we have treated 28 pa- 
tients with pheochromocytoma. The 
two patients under our care who died 
had been in the recurrent pheochro- 
mocytoma group and died as a result 
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fourth focal lymph node recurrences. Long- 
term resolution of disease has occurred in 
three of these patients following another ex- 
ploratory operation. 

Three patients had disseminated disease, 
one had abdominal recurrences, and two had 
miliary pulmonary disease that escaped pre- 
operative detection on conventional post- 
eroanterior roentgenographic views of the 
chest. The latter two patients died after 
fruitless surgical exploration and represent 
the only deaths in our series. 


of surgical treatment. Had we under- 
stood the true extent of their disease 
preoperatively, surgery would not 
have been performed. In addition, in 
the past, little attention has centered 
on the precise pathological conditions 
underlying recurrent pheochromocy- 
toma. Some of our patients with re- 
current pheochromocytoma have been 
included in other reports, and appro- 
priate references will be made to 
these primary publications. Because 
recurrent pheochromocytoma is so 
little emphasized and so poorly under- 
stood, we believe it is important to re- 
port our experience with this aspect 
of this tumor. 


Incidence of Recurrence 


Of the seven patients with recur- 
rent pheochromocytoma under our 
care, five were referred for treatment 
of secondary disease. We have per- 
formed exploratory surgery a second 
time for recurrent disease on two of 
23 patients who came to us for pri- 
mary surgery for pheochromocytoma. 
Thus, the true incidence of recurrent 
pheochromocytoma represented in 
the patients originally treated by us 
is roughly 10%, a figure corresponding 
to that generally quoted for the inci- 


Pheochromocytoma/Harrison et al 


i 


ef i 
- 
a 













OPERATION 
FOR 
RECURRENCE 
Patient Sex Age 
l © 32 Biochemical Recurrence 
A A JO Multiple Primaries 
Zz 9 35 SS Local Recurrence 
a SERRE SON RNR 
9 <6 Lymph Node 

5 a 14 Involvement 
oe 2 36 Ss Surgical Deaths: 


20 15 IO 5 


Years Between Primary And 
Secordary Operation 








Coincident Miliary 
Pulmonary Metastases 





O 5 IO IS 20 


Years Post Operative From 
Secondary Operation 


Fig 1.—Tinæ elapsed between primary and secondary operation and duration of resolu- 
tion of disease after secondary operation in seven patients. 


Fig 2.—Reeurrent intrarenal tumor (pa- 
tient 4). Paws ef recurrent tumor were 
feund assaciatec with lymphoid tissue. 


(hematoxylim-eosin, X 160). 





dence of maliznant neoplasm and ec- 
topically loeated primary pheochro- 
mocytoma. 


Clinical Presentation 


In the most extreme case under our 
care, 21 years elapsed between the 
primary and tae secondary operations 
(Fig 1). This patient’s recurrent 
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Fig 3.—One week after normal chest 
roentgenogram (patient 6) was taken, 
miliary recurrences up to 1.2 cm (0.5 in) 
diameter were demonstrated in superior 
segment of right lower lobe. 





symptoms had been observed seven 
years before he underwent a second 
exploratory operation. Thus, 14 years 
had elapsed before his recurrent dis- 
ease had become symptomatic. 

The shortest time between first and 
second operations was nine months. 
This secondary operation was per- 
formed for an asymptomatic bio- 
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chemical recurrence of disease. Recur- 
rent tumor could not be found at 
thorough abdominal reexploration. 
Some of the pathophysiologic fea- 
tures of this case have already been 
reported.’ 

A boy now 12 years of age, who had 
a second exploratory operation six 
years ago, had metastases of 
pheochromocytoma in his liver and in 
many abdominal lymph nodes. 

In another patient with recurrent 
disease, the onset of recurrent hyper- 
tension coincided with her second and 
third pregnancies. Her high blood 
pressure was considered for some 
time to be due to preeclampsia of 
pregnancy. This patient has been the 
subject of a case report outlining the 
clinical complexities of her course.’ 

In the other three patients with re- 
current pheochromocytoma, 1%, 4, 
and 5 years elapsed before recurrent, 
sustained hypertension signaled the 
beginning of recurrent disease. 

We emphasize that even in the lim- 
ited clinical material presented in 
this report, the manner of clinical 
presentation of recurrent pheochro- 
mocytoma is as varied and unpredict- 
able as it is in primary pheochromocy- 
toma. 


Pathological Findings and Management 


There has also been extreme vari- 
ation in the pathological conditions 
responsible for the recurrent disease. 
In the patient with a biochemical re- 
currence, the pathological condition is 
not established. Mutliple primary 
pheochromocytomas, a total of three 
in all, were present in a boy 10 years 
of age. His second and third tumors 
were removed at two operations dur- 
ing his second hospitalization. Both of 
these lesions were located in the sym- 
pathetic nervous system chain, one in 
the abdomen and one in the chest. 
Complete biochemical and clinical re- 
mission has been documented for two 
years since these operations, and 
there is no reason to believe that 
these lesions are other than multiple, 
benign primary pheochromocytomas.* 

Another patient had a large local 
recurrence near a primary bladder 
pheochromocytoma that was palpable 
five years after the primary bladder 
pheochromocytoma, a _ norepineph- 
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rine-secreting lesion, had been ex- 
cised together with a cuff of bladder 
wall. This local recurrence was not in 
lymph node tissue, but was well en- 
capsulated and free from the bladder 
wall.’ Six pelvic lymph nodes were re- 
moved with the recurrence, none of 
which contained tumor. The patient 
has been free of symptoms with per- 
sistently normal, free urinary norepi- 
nephrine and normetanephrine excre- 
tions for 6% years since her second 
operation. 

A 28-year-old mother of two devel- 
oped hypertension in her second 
and third pregnancies, 8 and 10% 
years after the excision of an infra- 
renal primary pheochromocytoma. 
Her recurrences, four in number, 
were in lymph nodes located near the 
right kidney hilum (Fig 2). These le- 
sions, identified by preoperative caval 


- catheterization, were excised without 


difficulty after termination of her 
third pregnancy.’ She is symptomat- 
ically and biochemically free from re- 
currence 8% years after this second 
operation. 

Lymph node recurrences and he- 
patic metastases were found at a sec- 
ond operation performed in a 10-year- 
old boy, two years after six extra-ad- 
renal lesions had been excised. This 
patient still has active metastatic dis- 
ease four years and seven months af- 
ter his second operation. With the 
help of partial a-adrenergic receptor 
blockade, 15 mg of phenoxybenza- 
mine hydrochloride taken orally three 
times a day, and partial £-adrenergic 
receptor blockade with propranolol 
hydrochloride, 15 mg taken orally 
three times a day, he leads an active 
life, including full employment. Only 
occasionally is it necessary for this 
patient to take an extra dose of his 
drugs and never has it been necessary 
for him to take more than one extra 
dose in a single day. Early in his 
course, an attempt was made to treat 
him with pargyline hydrochloride, but 
severe side effects of weakness, ano- 
rexia, and nausea made it impractical 
to continue using this agent, even 
though satisfactory reduction of his 
urinary catecholamine excretion oc- 
curred. 

The remaining two patients have 
had well-defined symptomatic recur- 
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Fig 4.—Two caval catheterizations (patient 7). Two samples obtained at second catheter- 
ization (underlined values). Findings are highly suggestive of recurrent disease near left re- 


nal hilum. 


rences of their pheochromocytomas, 3 
and 14 years after their first oper- 
ations. Their symptoms, biochemical 
findings, and caval catheterization re- 
sults led us to perform a second oper- 
ation 7 and 21 years after their origi- 
nal surgery. In the patient who 
underwent further exploratory sur- 
gery seven years after the original 
operation for an epinephrine-secret- 
ing lesion of the left adrenal gland, 
we explored the abdomen on two oc- 
casions, five months apart. An initial 
reexploration had been done through 
a flank approach by her original sur- 
geon, three years after her first oper- 
ation. 

Results from pathological study of 
all 12 abdominal lymph nodes from 
our two exploratory procedures were 
negative for pheochromocytoma. Re- 
peated caval catheterizations showed 
suggestive but unconvincing increases 


in epinephrine content from the site 
of the previous left adrenal gland,’ 
the location of the original primary 
pheochromocytoma that had been re- 
moved. After the second exploratory 
operation, the patient had a pro- 
tracted and stormy postoperative 
course characterized by pneumonia, 
chiefly of the right lung. Her second 
reexploration operation, the first per- 
formed by us, was followed by an im- 
mediate and intense right-sided 
pneumonitis that evolved into staphy- 
lococcal pneumonia of the right lung. 
With each episode of endotracheal 
suctioning of her right lung, an acute 
hypertensive attack immediately oc- 
curred. Acute, overwhelming pulmo- 
nary edema developing two hours af- 
ter her fourth operation characterized 
her terminal episode. At postmortem 
examination, her abdomen was free 
of recurrent tumor but miliary depos- 
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frozen sectiom of recurrent pheochromocy- 
toma in retroperitoneal scar tissue encasing 
leftrenal artesy and veir (patient 7). Norepi- 
nephrine content of tissue was high, 26yug/ 
gm, exceeding by more than 20,000 nor- 
epimephrine centent of mixed venous blood 
sample from same patient (hematoxylin-eo- 
sin, x65). 


its of tumer were found scattered 
through the right lung. The histo- 
pathological findings of these recur- 
rences has been reported.’ These 
miliary recurrences were most con- 
centrated in the superior segment of 
the night lower lobe. A preoperative 
chest roentgenogram had been nor- 
mal (Fig 3). 

A 53-year-old patient underwent a 
second exploratory operation 21 years 
after resection of a left adrenal 
pheochromocytoma secreting epi- 
nephrine anc norepinephrine. He had 
noted distressing atzacks of hyper- 
tension, anxiety, and sweating for 
seven years prior to the second oper- 
ation by us. His blood pressure was 
extraerdinarily sensitive to even the 
slightest inerease of intrathoracic 
pressure, such as that associated with 
micturition, straining during defeca- 
tion, er mild coughing. Cystography 
and caval catieterization disclosed no 
evidence of a lesion near the bladder 
(Fig 4), but strongly suggested re- 
currence near the left renal hilum. 
Biochemical evidence of recurrent 
pheochromocytoma was unequivocal; a 
free urinary excretion rate of nor- 
epinephrine ef 678ug/day; epineph- 
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Fig 6.—Posteroanterior (left) and lateral (right) roentgenographic views of the chest (pa- 
tient 7). At postmortem examination, three months after films were taken, multiple firm 
white nodules of pheochromocytoma up to 1.8 cm (0.7 in) in diameter, were found on cut 


surfaces of right and left lung. 


rine, 184ug/day; normetanephrine, 
944g; and metanephrine, 112ug/24 
hr. An abdominal operation was per- 
formed and a microscopically recur- 
rent tumor was disclosed in a frozen 
section of hilar fat from the left kid- 
ney (Fig 5). This lesion’s content of 
norepinephrine was high, 26ug/gm, 
and its morphologic appearance 
strikingly different from that of an 
abdominal sympathetic ganglion re- 
moved from the same patient. 

Postoperatively, this patient’s 
course was characterized by immedi- 
ate, intense bilateral pneumonitis 
from which no pathogenic organisms 
could be cultured. Later in his course 
abdominal sepsis developed and was 
surgically drained. This culminated in 
small and large intestinal fistulas, in- 
termittent hepatic insufficiency, and 
death on the 78th postoperative day. 
At postmortem examination, py- 
lephlebitis of the portal system and 
liver was apparent and a small resid- 
ual left-retrorenal abscess was noted. 
Hundreds of miliary recurrences of 
pheochromocytoma were scattered 
through the right and left lung, the 
largest of which was 1.2 cm (0.5 in) in 
diameter. No further recurrent ab- 
dominal disease was noted. Both lung 
fields had been normal on a preopera- 
tive chest x-ray film (Fig 6). 


Comment 


Unlike primary pheochromocytoma 
for which there is general agreement 
that surgery is the preferred treat- 
ment, the decision to operate for re- 
current pheochromocytoma eannot be 
made easily and does not apply 
equally well to all patients with recur- 
rent disease. 

Because of the slow progression of 
malignant pheochromocytoma, we be- 
lieve an agressive attitude toward re- 
current pheochromocytoma is fre- 
quently justified and may yield 
gratifying long-term resolution of 
symptoms and biochemical evidence 
of recurrent disease. Three of our 
seven patients support this convic- 
tion; they have had long-term resolu- 
tion of their disease after further 
exploratory surgery for recurrent 
pheochromocytoma. In one of these 
three the recurrent tumor was located 
in and about the lymph nodes. Lymph 
node recurrence is generally regarded 
as certain evidence of the presence of 
malignant pheochromocytoma. 

Two other patients, one with bio- 
chemical recurrence whose lesion was 
not found at a second abdominal ex- 
ploratory operation and one with 
widespread metastases disclosed at 
further exploratory surgery, toler- 
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ated their operations perfectly well. 
One of these patients met our criteria 
for preoperative a- and f-adrenergic 
receptor blockage.” The other patient 
was asymptomatic and underwent 
surgery without adrenergic receptor 
blockade. There was no reason, in ret- 
rospect, to believe that adrenergic re- 
ceptor blockade would have helped 
him. For unavoidable reasons, caval 
catheterization could not be done in 
the first of these two patients. Had it 
been possible to do so, it is conceiv- 


_ able that the second operation might 


have been avoided or, at least, an ac- 
curate localization of his recurrence 
might have been achieved. 

In the two patients who died as a 
consequence of surgery, there is 
ample reason to question our decision 
to operate. In the female patient un- 
dergoing operation for the fourth 
time, there was insufficient reason to 
suspect the presence of an intra-ab- 
dominal recurrence. The results of 
one thorough abdominal exploration 
by us was negative, as was a previous 
reexploration through the flank. No 
recurrence had been found at either 
of these two operations. Her caval 
catheterization findings have been 
previously published and only sugges- 
tively localized a recurrence.' Finally, 
the repeated hypertensive crises asso- 
ciated with endotracheal suction of 
the right lung could have alerted us to 
the possibility of spread of her dis- 
ease to the right lung with lesions too 
small to be visualized on chest x-ray 
film. It is possible that pulmonary lam- 
inagraphy would have disclosed her 
recurrent lesions. 

In the male patient undergoing 
surgery 21 years after his first oper- 
ation, the clinical presentation of pul- 
monary involvement was more subtle. 
The caval catheterization findings in 
this patient were convincing and, in- 
deed, microscopically recurrent disease 


was found at the location indicated. 


Had we paid more attention to the 
sensitive response of this patient’s 


$ _ blood pressure, to even modest Val- 


salva maneuvers, further investiga- 
tion of his lung fields, specifically lam- 
inagraphy, could have been per- 
formed. Therefore, in both of these 
patients with disseminated pulmo- 
nary recurrence, the lesions, although 
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not demonstrable on conventional 
posteroanterior chest x-ray film 
views, could have been suspected 
from certain aspects of the clinical 
course and, very likely, could have 
been demonstrated by pulmonary lam- 
inagrams. The violent pneumonitis 
complicating further operations for 
both of these patients is compatible 
with the presence of catecholamine- 
secreting lesions in the pulmonary 
parenchyma. Left atrial catheter- 
ization and regional blood sampling 
from the major pulmonary veins 
could also have been used to verify 
the location and function of these le- 
sions. 

A photoscanning technique for 
chromaffin tissue would be an ex- 
tremely useful adjunct for all pa- 
tients with recurrent pheochromocy- 
toma, especially those with miliary 
recurrences. The recent demonstra- 
tion that 14°-dopamine concentrates 
in pheochromocytoma gives hope that 
this goal can be achieved."” 

In a case of recurrent pheochro- 
mocytoma reported recently by Sell- 
wood et al," the point has been made 
that benign tumor cells may implant 
at the primary operation, if the tumor 
capsule is fractured during removal 
of the pheochromocytoma.'! The de- 
velopment of disseminated pulmo- 
nary recurrences such as those seen in 
two of our patients probably can be 
attributed also to the events at the 
primary operation. At that time vi- 
able pheochromocytoma cells are apt 
to be released into the circulation 
with the manipulation of the tumor 
at surgery. Then these cells are likely 
to be trapped in the lung or in freshly 
dissected tissue and, over a long pe- 
riod of time, may grow slowly in 
those locations. This is an added rea- 
son for perfoming venous ligation 
early in the dissection of pheochro- 
mocytoma when possible. 

There is no question that aggres- 
sive surgical treatment of focal recur- 
rence, even if it is located in lymph 
nodes, can result in long-term resolu- 
tion of recurrent pheochromocytoma. 
However, one should be cautious in 
interpreting such long-term resolu- 
tion as cure of the disease, because 
the time course of the disease can be 
extremely slow and it may take an 





equally long or even longer time for 
further recurrences to become appar- 
ent. 

In conclusion, we emphasize that in 
recurrent pheochromocytoma, lesions 
ranging from multiple, benign, and 


primary tumors to occult, dis- 
seminated, microscopic recurrences 
are possible. Caval catheterization 
has been an indispensable help in lo- 
calizing recurrences that could not be 
disclosed by any other means. Exci- 
sion of focal recurrences, including 
those in lymph nodes, may result in 
long-term resolution of biochemical 
and clinical evidence of recurrent 
pheochromocytoma. Finally, it is im- 
portant to realize that occult mili- 
ary recurrences of pheochromocytoma, 
particularly those in the lungs, should 
be diligently sought for and, if en- 
countered, more surgery is absolutely 
contraindicated. 
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Gastroschisis 


H. Bradley Binnington, MD; James P. Keating, MD; J essie L. Ternberg, MD, St. Louis 


The care of seven consecutive infants 
born with gastroschisis and successfully 
treated by primary closure is reviewed to 
determine factors leading to their survival. 
The use of intravenous alimentation has pre- 
vented malnutrition from the prolonged 
bowel dysfunction present in most children 
born with gastroschisis. Reoperation for pre- 
sumed small intestinal obstruction has de- 
creased with the recognition that prolonged 
ileus is to be expected and that radiologic 
studies cannot distinguish between mechan- 
ical and functional problems. Neonates have 
arrived in better condition than in the past 
due to initiation of therapy before and dur- 
ing transfer. Broad-spectrum antibiotic cov- 
erage helps prevent septic complications. 
Finally, we believe that lactose and other 
digestive enzyme deficiencies are present in 
these babies so that a nonlactose-based, pre- 
digested formula should be fed once gas- 
trointestinal tract function is present. 


Sigua ese was separated from 
omphalocele by Moore and 
Stokes. A possible embryologic ex- 
planation for it has been delineated 
by Duhamel? and Izant et al.’ This 
congenital anomaly consists of an ab- 
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dominal wall defect nearly always to 
the right (157/164, where specified) 
of an umbilical cord whose base is 
normal; no sac or sac remnant is pres- 
ent; the bowel is eviscerated, most 
commonly from stomach to midsig- 
moid colon** with occasional accom- 
paniment by liver®**° or uterus, ad- 
nexae, and bladder.*® The exposed 
viscera are edematous, covered by a 
fibrinous peel and the bowel is short- 
ened.*:7""" Nonrotation of the intes- 
tines is present.*-*”'* Gastrointestinal 
tract anomalies reported among the 
262 cases reviewed’ are as follows: 
Meckel diverticulm, 9 patients; jeju- 
nal atresia, 2 patients; midgut atre- 
sia, 14 patients; ileal atresia, 5 
patients; and infarction of bowel, 15 
patients. Other systems seem only 
to have randomly associated anom- 
alies.'*="5 Males and females are 
equally affected. Although prema- 
turity is common, it seems to have 
little effect on outcome.*'*™ 

This article is prompted by the sur- 
vival of seven consecutive children 
treated during two years. Factors 
contributing to this result will be de- 
tailed. | 


Report of Cases 


From November 1972 through February 
1973, seven neonates born with gastros- 
chisis were treated at St. Louis Children’s 
Hospital. All arrived with exposed viscera 
covered with saline-moistened dressings, 
swaddled in blankets. All defects were to 
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Patient Age, mo Weight, gm Psychological Age, mo 
TREBERN: l 13 7,580 
At surgery, the abdomen and exposed 7 7 6.060 
viscera were cleansed with a povidone-io- 16 8,420 
dine solution. The abdominal defect was a oe Red O BT gy nergy ee ert N E en rere ate eee 
extended laterally. Sufficient debridement 25 9,360 Stanford-Binet intelligence scale 20 
of the peel was accomplished to allow sepa- Vineland social maturity scale 30 
ration of the bowel loops so that search Verbal language development scale 13 
could be made for atresias. A Stamm gas- 4 13 10,540 Cattell infant intelligence scale 15 
trostomy using a #18F or #20F mush- coe social af << | a 
room catheter was made in each child. All 5 3 5000 wid Pali ict. Abn act 
but one patient were closed primarily in 107 9,320 Cattell infant intelligence scale 10 
_ one layer, no attempt being made to sepa- ; Vineland social maturity scale 11 
rate fascia from peritoneum or subcutane- Verbal language development scale 12 
ous tissues. A small central hernia devel- 6 BY, 8,100 Cattell infant intelligence scale 9 
oped in all children so closed. Patient 2, Vineland social maturity scale 9 
closed in two layers, does not have any fas- Verbal language development scale 9 
cial defect. 7 9 9,220 Cattell infant intelligence scale 9 
Vineland social maturity scale 10 
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Table 1.—Patient Data 









































Patient Patient Patient Patient Patient Patient Patient 
1 2 3 4 5 6 y 
Sex F F F M F M F 
Birth weight, gm (Ib, oz) 1,850 (4, 1) 2,210 (4,14) 2,310 (5, 1) 4,330 (9,9) 3,020 (6, 10) 2,900 (6,6) 2,680 (5, 14) 
_ Weight at discharge, 
gm (Ib, oz) 2,480 (5, 8) 3,300 (7,4) 2,620 (5, 12) 4,640 (10, 4) 3,710 (8, 3) 3,425 (7,9) 3,520 (7, 12) 
Age at discharge, days 37 65 26 30 52 44 27 
Time from birth 
to admission, hr 2 3 314 2 2 2 44 
Admission temperature, Ph OG Cr EFT 
C (F) 32.2 (90.0) 36.0 (96.8) 36.0 (96.8) 38.0 (100.4) 36.0 (96.8) 36.5 (97.7) 36.2 (97.1) 
HCO7, mEq/liter 19 20 16 21 18 15 
Eviscerated organs Stomach to Stomach to Stomach to Stomach to Stomach to Stomach to Stomach to 
sigmoid sigmoid sigmoid sigmoid sigmoid sigmoid sigmoid 
colon colon colon, colon colon, colon colon 
uterus, uterus, 
adnexae, adnexae, 
bladder bladder 
Length of small 
intestine, cm T Short Short 94 Short 72 112 
Closure 1 layer 2 layer 1 layer 1 layer 1 layer 1 layer 1 layer 
Administration of 
antibiotics, days 
Kanamycin 8 8 7 10 30 12 15 
Ampicillin 9 8 11 1 30 13 15 
Oxytetracycline 18 








Methicillin 8 10 
Postoperative days of 
oral feeding 13 14 8 13 24 24 11 
Duration of TPN, days 12 10 15 26 30 14 













the right of a normally inserted umbilical 
cord. Other details are listed in Table 1. A 
regimen of antibiotics was begun prior to 





Table 2.—Follow-Up Data 





























A silicone elastomer catheter was placed 
by cutdown in the right internal jugular 
vein and tunneled subcutaneously so as to 





Verbal language development scale 11 


exit cephalad to the right ear. This was uti- 
lized intraoperatively for fluid adminis- 
tration and, from the second postoperative 
day, for total parenteral nutrition (TPN). 


_ The composition of the solution we used 


was as follows: amino acid solution, 200 ml; 
50% dextrose in water, 400 ml; potassium 
phosphate, 15 mEq/liter; potassium ace- 
tate, 15 mEq/liter; 10% gluconate calcium, 
20 ml; multivitamins, 1 ampul; magnesium 
sulfate, 8.1 mEq/liter; sodium chloride, 40 
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mEq/liter; water for injection, sufficient 
quantity up to 1,000 ml. It contained 864 
total calories (0.9 keal/ml) and was deliv- 
ered at a constant rate of 125 to 150 ml/kg 
by a constant infusion pump with an in- 
line Millipore filter. Records of body 
weight, intake, and output were checked 
daily. Serum electrolytes, blood urea nitro- 
gen (BUN), and glucose values were deter- 
mined daily for three days and then at 
least every third day. Calcium and phos- 


phate levels, hepatic enzymes, and blood 
ammonia were determined initially and ev- 
ery ten days; a complete blood count was 
done every three days. Total serum solids 
(as an estimate of total serum protein) 
were determined if edema occurred. For 
levels below 3.5 qm/100 ml, albumin was 
administered. This occurred in one patient. 
We have previously reported other details 
of our management.“ All children gained 
weight while receiving TPN. A nonlactose- 
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based, predgested formula (Pregestimil) 
was fed preferentially once gastrointesti- 
nal tract fumctien was demonstrated to be 
adequate. low-up data on the seven chil- 
dren are presented in Table 2. Two pa- 


tients (patients 1 and 2) could not be 


loeated for osychological testing. Psycho- 
logical age was determined by the clinical 
psychologists at St. Leuis Children’s Hos- 
pital, using standard techniques for in- 
fants. Conmpications encountered for each 
child were as follows: patient 1: aspiration 
pneumonia, clotting ef internal jugular 
vein catheter, m replacement; patient 2: 
clotting of imternal jugular vein catheter, 
replaced; Flebsiella diarrhea, treated for 
IB days with orally administered oxytet- 
racycline; theompophlebitis at site of pe- 
mpheral intravenous cannula site; patient 
a: aspiratien preumonia; patient 4: er- 
ythema toxisum neonatorum; mild oral 
thrush treated with nystatin drops; small 
staphylococeal sealp abscess, not at site 
of exit of TPN catheter; patient 5: aspira- 
tion pneumonia; TPN catheter fell out, re 
piaced; entermcu:aneous fistula requiring 
surgical revisior; nonbacterial diarrhea; 
and patiert 6: aspiration pneumonia; 
Staphylococews albus caltured from blood 
on 12th pessoperative day, not subse- 
quently positive treated with ten-day 
course of methici#lin sodium. 


Comment 


We have some question as to the 
significance of drawing distinction 
between gastroschisis and antenatal 
rupture of ar omphalecele. The embry- 
olegic differen-iation between the 
two suggest gastroschisis as being 
secondary tc a defect in the somato- 
pleure of the ateral fold and om- 
phalocele as being due to a failure in 
clesure of the extraembryonic celom 
by the lateral folds.** This is some- 
what difficult to reconcile with the 
intact rectus muscle that we have 
always found en the affected side. 
Randolph has also questioned this ex- 
planation, suggesting that the com- 
men form of gastroschisis, where the 
defect is immed ately adjacent to the 
umbilical com, might result from a 
tearing of tae cord from the right 
half of the abdominal wall, creating a 
hole.** Also pessible is quite early dis- 
ruption of ar omphalocele’s sac with 
resorption of ‘ts remains. Skin epithe- 
lium might well grow in to separate 
the umbilical card from the defect, 
kept open by eviscerated organs. A 
surgically produced lateral abdominal 
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wall defect in the rabbit fetus does 
indeed lead to a condition resembling 
gastroschisis without altering abdom- 
inal wall development.* The much ra- 
rer defects that are located far lateral 
to the cord probably do, however, re- 
sult from a defect in somatopleure de- 
velopment. 

The therapy for both malforma- 
tions is the same. In both the thick- 
ened, edematous, shortened bowel 
often has protracted dysfunction. The 
abdominal cavity is small and may re- 
quire enlargement by various means. 
Therefore, differentiation between 
gastroschisis and antenatal rupture 
of an omphalocele has little current 
practical significance, and may not 
have embryologic significance. 

Contributing to high mortality in 
the past have been the following: (1) 
low body temperature and acidosis 
upon arrival at the definitive treat- 
ment facility, 1°15 (2) postopera- 
tive ventilatory problems,*'*"° (3) 
sepsis, *" (4) a small abdominal cav- 
ity closed primarily with consequent 
inferior vena caval compression and 
restriction of diaphragmatic move- 
ment,*°"° and (5) prolonged small 
bowel dysfunction leading to malnu- 
trition.56 1-2 

Although the children reported 
here did not arrive at our hospital in 
perfect condition, hypothermia and 
acidosis (Table 1) were not as severe 
as reported by others.*"'® Primary 
physicians should be advised as to 
what preventive measures will be of 
significant help. Coverage of the ex- 
posed viscera with warm saline dress- 
ings and blankets are, perhaps, more 
practical. Prior to dressing the abdo- 
men, an attempt should be made to 
ensure that torsion and severe an- 
gulation of the eviscerated bowel will 
not produce infarction during transit. 
Insertion of a nasogastric tube will 
help prevent aspiration. In addition, 
gaseous distension of the bowel will 
be decreased, thus making abdominal 
closure less difficult and lessening the 
risk of infarction from elevated bowel 
wall tension at the point of exit 
through the defect. Antibiotic ther- 
apy with ampicillin sodium and kana- 
mycin sulfate, or similar broad- 
spectrum drugs, should be started, 
Finally, transport of the neonate in 


an incubator will help preclude 


profound hypothermia. 


Others report the use of ventilators _ 


postoperatively.*'?* We have not 
found this to be necessary. The aspi- 
ration pneumonia present in four of 


our patients was not a significant = 


problem, nor did our patients have 
respiratory distress. Certainly, any 
evidence of impaired pulmonary func- 
tion should be aggressively treated. 
Sepsis has been well controlled by 


us and all others through the routine 


use of antibiotics of wide effec- 
tiveness. Careful aseptic handling of 
the viscera from birth to definitive 
care and avoidance of undue probing 
prior to surgery also help prevent 
sepsis. 

Schuster” first reported the use of 
prosthetic material to bridge the fas- 
cial defect and allow closure of the 
abdomen without decreasing its vol- 
ume. Modifications, such as making a 
silo that can be gradually tied off!” 
or gradual plication of two separate 
sheets,” have followed; this is now 
well accepted therapy. Separation of 
the material, usually silicon elasto- 
mer, from the wound margins occurs 
rather frequently, and the procedure 
does carry real risks of sepsis.*:!:?°** 
Lyophilized dura has also been used 
to bridge the fascial defect with good 
success,” 

We have found manual stretching 
of the abdominal wall to be helpful in 
allowing replacement of the viscera, 
as others also report.**:** Deliberate 
creation of a transverse ventral her- 
nia may also be used if the evis- 
cerated organs cannot be replaced 
without causing venous occlusion or 
respiratory distress.'’’*?' In our expe- 
rience, manual stretching of the ab- 
dominal cavity walls has been suffi- 
cient to allow replacement. No 
devices were required. Such an ap- 


proach demands careful observation 
in the operating room to ensure that 


ventilatory resistance is not in- 
creased and that inferior vena caval 
compression has not occurred. 
Prolonged gastrointestinal tract 
dysfunction has been a serious post- 
operative problem in many of these 
children. Indeed, survivors reported 
prior to the availability of TPN were 
able to take oral feedings before the 
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tenth postoperative day, and there- 


fore represent children with minimal 
compromise of bowel function.*°:"!'"*** 
Given time, the edematous, shortened 
bowel will return to a normal func- 
tional and propulsive state,***’ but 
prolonged undernutrition will delay 
such recovery. Normal neonates grow 
quite rapidly and therefore have high 
energy and protein requirements. 
When surgical stress and bacterial 
contamination are imposed as well, 
good nutrition is of paramount im- 
portance. 

Therefore we have utilized TPN 
starting the second postoperative day 
in all our patients. With care, major 
life-threatening complications of 
TPN can be avoided. Minor complica- 
tions did occur. Most recent reports 
also emphasize the usefulness of 
TPN.7:5:1719.20.21.31 Tf careful monitor- 
ing of patients receiving TPN is not 
available or not done, then this ther- 
apy ought not be used. 

We have learned by experience 
that a good pediatric radiologist can- 
not distinguish between postopera- 
tive functional and mechanical small 
bowel obstruction in these children. 
In the past, we operated on such in- 
fants, finding no obstruction. The at- 
tendant mortality was high, as others 
also record.®:*:°*? We, therefore, wait 
until no doubt remains as to the cause 
of dysfunction. Because of the use of 
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TPN, the child will be maintained nu- 
tritionally without oral alimentation. 
Effective and sufficient bowel func- 
tion commenced from 9 to 30 days af- 
ter initial surgery in our patients 
(Table 1). 

Previous reports clearly indicate 
that resection of bowel should only be 
performed for gangrene or atresia. 
The mortality in patients undergoing 
resection for any reason has been 
very high.'*°**"* Using TPN, the 
necessity for immediate repair of an 
associated atresia is removed. De- 
layed resection and anastomosis can 
be performed, allowing resorption of 
edema and exudate prior to correc- 
tion. Complications, such as the en- 
terocutaneous fistula resulting from a 
crack in the peel-serosa at initial sur- 
gery in one of our patients (patient 
5), can be corrected when the child 
has been brought to an optimal condi- 
tion. Gangrenous areas of intestine, 
however, must be removed when dis- 
covered. In such cases, TPN will pro- 
vide the calories and protein that 
are a necessity for anastomotic heal- 
ing,’**° and this should decrease at- 
tendant mortality. 

Poor small intestinal absorption 
has been documented by O’Neill et 
al, and several authors have com- 
mented on the use of elemental or 
predigested diets."*' We have rou- 
tinely fed such a formula (Preges- 
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Rosert T. Sop=r, MD, Iowa City: This 
article details the fine points of manage- 
ment that I feel have been responsible for 
this outstanding success in treating gas- 
troschisis. 

At the University of Iowa, our referral 
patterns are somewhat different. Our pa- 
tients often come from hundreds of miles 
away, and the condition of the babies on 
arrival at our hospital is not nearly so good 
as that reported by the St. Louis group. 
Thus it becomes aa even more critical issue 
to support bedy tempereture during trans- 
fer as well as recognizing the enormous 
surface area of tae exposed viscera from 
which are leaked water, electrolytes, and 


intra-abdaninal environment. 


a until the bowel is returned to its 


In terms of operative technique, we use 
a vertical extension of the defect, believing 


this gives a little quicker aecess to the ab- 
dominal cavity. We do net touch the peel at 
all; I feel that likely the enterocutaneous 
fistula reported ths morning probably was 
caused by this dissectior. 

Recently, we have relied on nasogastric 
suction for postoperative decempression, 
believing that this tube reachesthe bottom 
of the pool of material ir the stomach bet- 
ter, perhaps, than a gastrostomy tube. The 
four patients with aspiration pneumonia in 
the St. Louis patients perhaps are testi- 
mony to the inadequacy of gastrostomy 
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Discussion 


decompression. 

I was interested to see that Drs. Tern- 
berg, Binnington, and Keating did not 
have to use a silicone elastomer prosthesis 
in any of their patients. We, too, believe 
that this is not very often necessary in 
gastroschisis patients, providing the ab- 
dominal wall is stretched sufficiently so 
that a pathologic rise in intra-abdominal 
pressure does not occur when the bowel is 
reduced into the abdomen. We agree that 
bowel resection is hardly ever indicated. 
The real key to success in this series, I be- 
lieve, is the excellent postoperative nutri- 
tion achieved by central venous feeding. 
We, too, have embraced the kind of treat- 
ment protocol outlined by Dr. Binnington. 
Finally, I am pleased that some of these 
patients have been shown to possess nor- 
mal psychological and intelligence quotient 
status. It confirms that, outside of the gas- 
trointestinal tract problems, gastroschisis 
patients are good babies, well worth all of 
the heroic and extensive care necessary to 
ensure their salvage. 

A recent patient of ours had an atresia 
associated with gastroschisis. The blind- 
ending jejunum was exteriorized; the ball 
of granulation tissue represents the unrec- 
ognizable downsteam bowel that was sim- 
ply replaced inside the abdominal cavity. 
Four weeks later, the downstream bowel 
reverted to recognizable intestine that was 
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anastomosed to allow survival of this baby. 
We believe that a staged approach to this 
kind of complicated gastroschisis is neces- 
sary. 

JESSIE L. TERNBERG, MD, St. Louis: 
There are two points I want to clarify: (1) 
Pulmonary aspiration was present on ar- 
rival and was not regarded as a postopera- 
tive complication. We have been very care- 


ful to empty the stomach before anesthesia _ 


and use awake intubation, so that I think 
the aspiration has most likely occurred 
during transport. (2) I agree very strongly 
with Dr. Soper about leaving the peel. In 
the past, removal of the peel has been one 


way of getting this very noncompressible — 


bowel back into the abdomen and perhaps 
shortening its nonfunctional period. Al- 
though we have attempted to remove the 
peel in the past, we are very careful now to 
leave it. However, when you are dealing 
with these matted loops of bowel, I think it 
is important to do a certain amount of 


sorting to define areas of atresia or poten; 


tial obstruction that may have to be cor- 
rected in the future. 

Our enterocutaneous fistula resulted 
from a crack in the peel that occurred 
when the bowel was being put into the ab- 
dominal cavity. The peel cracked because it 
was very edematous and friable. 
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Intravenous Hyperalimentation 


In the Treatment of Inflammatory Diseases of the Bowel 


Fifteen patients with regional enteritis 
(14) or ulcerative colitis (one) who were re- 
fractory to medical management were 
treated by bowel rest and intravenous hyper- 
alimentation (IVH). Nine received IVH as pri- 
mary therapy and all had remissions. Four 
have done well for four months to three 
years. Four had recurrences and one died 
later. Six patients received IVH before 
planned operations for localized disease. 
Five had no recurrences for six months to 
three years and one did not tolerate IVH. The 
role of IVH for inflammatory bowel disease 
can be both in preparation for operation and 
as primary therapy for acute episodes. We 
reserve IVH as primary therapy for patients 
with previous resections or extensive dis- 
ease. It has provided prolonged remissions 
in some and prevented further operations in 
most. However, the long-term course of the 
disease was not altered. 


Sn its introduction in 1968, 
intravenous hyperalimentation 
(IVH) has been found to be useful for 
a variety of clinical problems, such as 
enterocutaneous fistula, massive 
trauma, bowel obstruction, renal fail- 
ure, and congenital gastrointestinal 
anomalies.’ By supplying adequate 
nutrition for positive nitrogen bal- 
ance, IVH has proved instrumental in 
promoting wound healing in these 
conditions.’ 

The inflammatory diseases of the 
bowel, regional enteritis, granuloma- 
tous colitis, and ulcerative colitis, are 
diseases of uncertain cause and, for 
the most part, treatment has been di- 
rected toward nonspecific suppression 
of inflammation. Failure of medical 
management or the development of 
complications such as obstruction, 
bleeding, or fistulas has required re- 
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section or bypass procedures. Al- 
though the operative treatment of re- 
gional enteritis has often produced 
prolonged disease-free periods, recur- 
rences are frequent. The recurrence 
rate five years after primary resec- 
tion has varied from 19% to 50%, with 
a number of the patients with recur- 
rences requiring further operations." 

The present problems then in these 
diseases are as follows: recurrences, 
extensive disease involving much of 
the bowel, the complications of fis- 
tulas and obstruction, and the debil- 
ity, cachexia, and large steroid intake 
of these patients during acute epi- 
sodes. Many of these problems could 
potentially be helped by the use of 
IVH. However, the role of IVH in the 
treatment of inflammatory disease of 
the bowel is not as clear as its use in 
other problems. The use of it in treat- 
ing inflammatory disease of the 
bowel has been mentioned briefly by 
other investigators,’ but little empha- 
sis has been given to the specifics of 
treatment and the long-term results, 
and the patient population treated in 
this way has been small. 

Our experience with 15 patients 
with inflammatory disease of the 
bowel who received IVH was re- 
viewed to try to determine if remis- 
sion of the active disease could be 
achieved and if the natural course of 
the disease was altered by such treat- 
ment. 


Clinical Population 


From 1969 to 1973, a total of 15 patients, 
eight men and seven women, with inflam- 
matory disease of the gastrointestinal 
tract were treated with IVH. Fourteen of 
these patients had regional enteritis, in- 
cluding granulomatous colitis, and one had 
ulcerative colitis. Their ages ranged from 
16 to 64 years. Six patients received IVH 
before, during, and after planned resec- 
tions for localized disease, and nine with 
extensive or recurrent disease received 
IVH as their primary form of therapy for 
an acute episode. Catheter placement, 





monitoring of treatment, and solutions 
used were identical to those described in 
an earlier report,’ except for the substitu- 
tion of synthetic amino acid solution 
(Freamine) for protein hydrolysate injec- 
tion (Hyprotigen) in some later cases. The 
composition of these two solutions used is 
summarized in Table 1. Sodium, potassium, 
magnesium, calcium, acetate, chloride, and 
phosphate salts were added to the solutions 
as indicated. Follow-up of these patients 
has been from four months to four years. 
All patients received an average of 3,000 
calories and 114 gm of protein in 3,000 ml 
of solution during each 24-hour period. All 
the patients were referred to the hyperali- 
mentation team of the hospital for cathe- 
ter insertion, care, and management. 


Report of Cases 


CASE 1.—A 22-year-old white man had 
regional enteritis for three years. Seven 
weeks prior to admission here, he went toa 
neighboring hospital because of intestinal 
obstruction due to regional enteritis, which 
involved the stomach, duodenum, jejunum, 
and ileum. After the obstruction subsided, 
he was given an elemental diet (Vivonex), 
but had diarrhea. He appeared chronically 
ill and cachectic, weighed 59 kg (130 Ib), 
and had ascites and massive pitting edema 
of the legs. He received IVH for 50 days. 
There was no change in total body weight, 
but all edema and ascites resolved. A tran- 
sient episode of infection related to the 
catheter occurred and was treated by 
changing the catheter and administering 
appropriate antibiotics. Streptococcus was 
found in cultures from both the cen- 
tral venous catheter and the blood. After 
seven weeks of IVH, when an operation 
was contemplated because of persistent 
duodenal obstruction, there was rapid im- 
provement. An upper-gastrointestinal tract 
roentgenographic examination showed 
resolution of the obstruction (Fig 1), but 
there was persistent and extensive in- 
volvement of the duodenum and small in- 
testine by regional enteritis. When 
discharged from the hospital, he was 
receiving prednisone, 40 mg daily, and a 
diphenoxylate preparation (Lomotil). One 
and one-half years after discharge, the pa- 
tient has gained 13.5 kg (30 lb). Adminis- 
tration of all medications has been discon- 
tinued and he is employed full time. 
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_ CASE 2.—A 19-year-old white man had a 
resection of a pertion of the distal part of 
the ileum and an ileot~ansverse colostomy 
for vegiena! enteritis six years earlier. He 
was admitted now wich symptoms of in- 
testinal obstruction. Results of an abdomi- 


_ nal examination and x-ray films confirmed 


the presence of partial colonie obstruction. 


A barium esema exemination disclosed 


stenesis in the sigmoid colon secondary to 
granulomatous celitis (Tig 2, left). The pa- 


tient had e»emplete bowel rest and for 30 
dayswas fed by [VH. Prednisone therapy, 


_ given in a dose of 20 mg/day, was gradu- 


® 


ally decreased and stopped. The intestinal 
obstruction ~esolved and the patient 
gained 5.9 (13 |b) (Fig 3), and was able 
to presume a regular diet. However, a fol- 
low-up barium enema examination (Fig 2, 
right) revemed persistent transmural! dis- 
ease of the edon. 

While bemg fed intravenously, he re- 
ceived an average of 8,500 calories and 135 
gm of protem per day. A transient episode 
of Candida mmgemia occurred on the 21st 
day ef hyperalimentat on, and subsided 
within 48 hours after removal of the cathe- 
ter. The episece of fungemia was preceded 
by a break im the continuity of the central 
venous pressure catheter at the intracathe- 
ter hub. Fever was present within 24 hours 
of the break in sterile technique. There 
were no adverse effects from this episode. 
Now, two years later, the patient has 
gained 9.1 kg 20 Ib), is aking no medica- 
tion, and is £ full-time college student. 

Case 3.—A 55-year-old white men had a 
2-year histery of regicnal enteritis. His 
symptems had seem controlled with dietary 


restriction ami a mixture of bella- 


donna alkalomls with phenobarbital (Don- 
natal) until three months prior to admis- 
sion when he developed anorexia, periodic 
night sweats. eramping abdominal pain, 
and occasiona vomiting taat led to an 18.1- 
kg (40b) weight loss. He was feund to 
have a firm, nontender, nonfluctuant 
15x10-em (6«4in) mass beneath the 
umbilicus. Durmg the first ten days of 
hospitalization, the mass became more lo- 
ealized and an abscess was incised and 
drained. His eral intake decreased there- 
after te between 1,000 and 1,500 ml a day 
because of anerexia, nausea, and cramping 
abdeminal pain. On the 14th hospital day, 
he developed small bowel obstructien that 
was treated with a Cantor tube for five 
days. He was then receiving complete 
bowel rest ané VH was begun. Ater 21 
days of IVH a rgular diet was gradually 
restored. During this period, he gained 3.2 
kg (T lb), his strength and spirit improved 
markedly, and tae abscess resolved with- 
out evidence ef fistula formation. Four 
months after leaving the hospital, he de- 
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veloped an ileocutaneous fistula that re- 
quired a limited ileal resection and fistu- 
lectomy. Now, six months after operation, 
the patient has no symptoms and is taking 
no medications. 

CASE 4.—A 47-year-old white woman had 
extensive regional enteritis of the jejunum 
and ileum for several years, during which 
time she had been hospitalized six times 
for exacerbations of her disease and in- 
testinal obstruction. In March 1971, she 
was again admitted to another hospital 
with nausea, vomiting, peripheral edema, 
and weight loss (77 to 47.1 kg [170 to 104 lb] 
in two years) and was referred to us for 
IVH. She was receiving prednisone, 60 
mg/day. She was a thin woman with pe- 
ripheral pitting edema and abdominal dis- 
tention and tenderness. Hyperalimenta- 
tion was begun and her symptoms were 
quickly relieved. The steroid dosage was 
decreased and there was a concomitant 
weight ross due to the loss of edema. After 
21 days of IVH, the abdominal distention 
and cramps were relieved and oral feeding 
was begun. The patient’s final weight was 
49 kg (108 lb), which represents no net 
gain, but the edema was no longer present. 
She was discharged on a regimen of pred- 
nisone, 20 mg daily. She did well at home 
for three weeks, but then developed severe 
diarrhea that persisted despite a large in- 
crease in the steroid dosage. She began los- 
ing weight rapidly, became hypoalbumine- 
mic and edematous, and died. An autopsy 
disclosed small bowel perforation with 
peritonitis. 

CASE 5.—A 23-year-old black woman had 
15 previous hospitalizations in eight years 
because of regional enteritis. She had sev- 
eral episodes of partial small bowel ob- 
struction, none of which required oper- 
ation. Prior to the present admission, 
she had been treated with prednisone, 5 
mg/day, and azathioprine (Imuran), 50 
mg/day. She was admitted now because of 
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Table 1.—Electrolyte and Protein Composition of Hyperalimentation Solutions 
| Synthetic Amino Protein Hydrolysate - 
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60% free amino acids, 
40% peptides 


nausea, vomiting, and cramping abdomi- 
nal pain. She weighed 42.6 kg (94 lb). Ex- 
amination results of the abdomen showed 
mild paraumbilical tenderness without 
guarding or rebound tenderness. Intra- 
venous hyperalimentation was given for 42 
days, during which time her weight in- 
creased from 39.9 to 50.3 kg (88 to 111 Ib). 
Ten days prior to discharge, the IVH was 
supplemented with oral feedings of an ele- 
mental diet (Vivonex) and medium-chain 
triglyceride malts. She was discharged on 
this diet and received prednisone, 20 
mg/day, and azathioprine, 50 mg/day. 
Three months later, her weight had in- 
creased to 52.6 kg (116 lb), but nine months 
later she had to be hospitalized; she 
weighed 39.4 kg (87 lb). She received 
steroids and psychotherapy, and left the 
hospital at a weight of 50.8 kg (122 lb). In 
the year following her last discharge, her 
weight has remained stable. She has ap- 
proximately two bowel movements a day 
and takes 10 mg of prednisone daily. 
CASE 6.—A 19-year-old white man with a 
four-year history of ileocolitis was trans- 
ferred from another hospital because of se- 
vere, cramping, abdominal pain, vomiting, 
diarrhea, weakness, and an electrolyte im- 
balance that was resistant to treatment. 
Intravenous hyperalimentation with syn- 
thetic amino acid solution had been given 
at the referring hospital but resulted in 
further deterioration of the patient. 
Eighteen months earlier, he was hospi- 
talized for an ischiorectal abscess and fis- 
tula in ano. One year ago he had a partial 
transverse colectomy, and an episode of se- 
vere rectal bleeding occurred two months 
ago. He was cachectic, weighed 39.7 kg (90 
lb), and complained of numbness around 
his mouth and an inability to move. He had 
carpal-pedal spasm and was unable to lift 
his arms or legs from the bed. His abdo- 
men was slightly distended and tympanit- 
ic, and a fistula in ano was present. Re- 











Fig 1.—Left, Upper-gastrointestinal tract x-ray films (case 1) 
taken when patient was acutely ill. Areas of involvement in duode- 
num and proximal part of jejunum (arrows). Right, after seven 


Fig 2.—Left, Barium enema (case 2) shows partial colonic ob- 
struction with transmural colitis of rectosigmoid colon (arrow). 
Right, Barium enema three months later. Patient was now relatively 
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weeks of IVH, patient felt better and was tolerating oral feedings. 
However, little improvement in the bowel was noted after barium 
Study (arrows). 


asymptomatic, yet x-ray films show persistent involvement of recto- 
sigmoid, descending colon, and ileocolostomy (arrows). 
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sults of laberatory studies included the 
_ following values: phosphorous, L4 mg/100 
ml; caleium, 72 mg/10C ml; magresium, 1.2 
mg/100 ml; and albumin, 2.5 mg/100 ml. 
Supplementa phosphaze, calcium, magne- 
sium, and albumin were given and the neu- 


rologic symmtoms disappeared. Intra- 
venous hyperalimentation with synthetic 
amino acid solution was then instituted 
and, during a three-week period, the pa- 
tient gained 1.9 kg (11 lb). During the last 
week of IVH the patient was orally given 
æ supplemental, elemental diet. Physical 
therapy, occupational therapy, and psy- 
chiatric counseling were helpful in restor- 
ing the patint’s strength, cocrdination, 
and self-image. X-ray film studias prior to 
discharge disclosed skip areas of regional 
enteritis in tae small bowel as well as the 
colon. Results of a rectal biopsy were con- 
sistent with granulomatous cojitis. Four 
months after discharge, the patient had 
only occasional cramping, abdominal pain. 
His weight remains stable at 47.5 kg (105 
lb), and he requires ony occasional steroid 
treatment. 

Case 7.—A 19-year-old man kad a five- 
year history of regienal enteritis. Two 
weeks prior *o admission here, he was ad- 
mitted to anether hospital with peritonitis 
and shock. He had a resection of the distal 
partof the ileum and cecum and an ileo-as- 
cending colostomy. After operation, he de- 
veloped a weund infection and an entero- 
cutaneous fistula. On admissicn to this 
hospital, he appeared chronically and 
acutely ill amd was toc weak to get out of 
bed. There were two -istulas in the right 
lower quadrant of the abdemen around 
which there was a 12-cm (4.7-im) firm, pain- 
ful indurated area. His abdemen was 
slightly distended. There was 2+ periph- 
eral edema. Laboratory results disclosed 
the following values: hematocrit, 30%; al- 
kalime phosphatase, 145 units/109 ml; albu- 
min, 1.5 gm 100 ml; calcium, 7.7 mg/100 
ml; and phosshorus, 4.5 mg/100 ml. Intra- 
venous hypevalimentazion with synthetic 
amino acid selution wes begun but had to 
be stopped after ten days because of the 
developmentof cholestatic jaundice; the al- 
kalime phosphatase value increased from 
145 units to 785 units/100 ml. bilirubin 
level from 0.8 to 5.2 mg/100 ml, and SGOT 
from 19 units to 54 umits (Fig 4). During 
this time, the fistula drainage stopped and 
the patient lest 4.5 kg +10 lb) as the steroid 
dosage was jecreased and the peripheral 
edema subsiled. During the rext three 
weeks (hospical days 11 to 32), the patient 
had fever, increased fistula drainage, and 
developed a sight-lower-quadrant abdomi- 
nal abscess. He lost an additionel 2.8 kg (8 
lb) and was becoming weaker. AH attempts 
at oral feeding, including an elemental 
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diet, resulted in increased fever and fistula 
drainage. The liver function test results 
had returned toward normal by this time 
and IVH was begun again, but this time a 
casein hydrolysate was used rather than 
the amino acid solution. During the next 21 
days, the abscess subsided, the fistula 


drainage stopped permanently, and the pa- 


tient gained 5.9 kg (13 lb). During the last 
week, the patient’s diet was supplemented 
with an elemental diet taken orally. Dur- 
ing the second trial of IVH, the test results 
of liver function again changed. The albu- 
min level increased to 3.1 mg/100 ml, but 
the alkaline phosphatase values also in- 
creased to 870 units/100 ml and the SGOT 
to 165 units. Five months after discharge, 
the patient has gained an additional 9.1 kg 
(20 lb) to 56.6 kg (125 lb) and is taking only 
vitamin D and multivitamin supplements. 

CASE 8.—A 39-year-old white woman had 
an 11-year history of regional enteritis for 
which she had been hospitalized many 
times. She had a number of operations, in- 
cluding an ileotransverse colostomy, exci- 
sion of a sinus tract, adhesiolysis, and a 
ventral hernia repair. She was admitted 
now because of nausea, vomiting, and ab- 
dominal pain. A small bowel roentgen- 
ogram showed regional enteritis of the ter- 
minal part of the ileum. A barium enema 
examination disclosed involvement of the 
ascending colon. She was acutely ill at this 
time with abdominal distention and ten- 
derness, and was taking 30 mg of predni- 
sone a day. She was given IVH for 39 days 
without complications. Her weight in- 
creased from 41.5 to 53 kg (94 to 117 lb). 
During the last days of IVH treatment, 
she was also given an elemental diet and 
then a low-residue diet with prednisone, 20 
mg a day. She responded well and returned 
to her teaching job for about six months 
when she returned again with abdominal 
pain, nausea, and vomiting. Her weight 
had decreased from 55.2 to 45.7 kg (122 to 
101 lb) in several weeks. The prednisone 
had been increased from 20 to 40 mg/day. 
On admission, a regimen of azathioprine, 4 
mg/kg/day, was begun. One week after 
admission, her condition had not improved 
and IVH was given again. After 32 days of 
IVH, she was greatly improved and was 
given a low-triglyceride, high-calorie, 
high-protein diet. She gained 11.3 kg (25 
lb) during IVH and was discharged in good 
condition, again receiving prednisone, 20 
mg daily. One year after discharge, the pa- 
tient is doing well with intermittent 
steroid therapy. 

CASE 9.—A 24-year-old white woman had 
a 13-month history of periodic diarrhea, 
hematochozia, and a 21.7-kg (48-lb) weight 
loss. A diagnosis of ulcerative colitis had 
been made by barium enema examination 


j 
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and sigmoidoscopy. For two weeks she had . 


abdominal cramps and an increase of diar- 
rhea to 12 stools a day. Treatment with 
prednisone and phthalylsulfathiazole (Sul- 
fathalidine) was unsuccessful. An ele- 
mental diet was given orally but was not 
tolerated. During 36 days of IVH, she also 
had a variable oral intake of an ulcer diet, 
500 to 1,500 ml a day. She gained 8.5 kg (19 
lb), her cramps and diarrhea subsided, her 
strength returned, and she was able to re- 
sume a regular diet. A barium enema ex- 
amination after IVH showed no improve- 
ment in the appearance of the colon. There 
was extensive ulcerative colitis with no 
normal colonic section seen. Three months 
after discharge, her weight had increased 
to 52.5 kg (116 lb), but one year later, she 
again required hospitalization, at which 
time she weighed 39.4 kg (87 lb). She was 
treated with steroids and psychotherapy 
and weighed 50.7 kg (112 lb) at discharge. 
Her condition has been good since then. 
CASE 10.—A 52-year-old black woman 
had diffuse, crampy, abdominal pain with 
anemia, weight loss, and slight abdominal 
distention. However, gastrointestinal tract 
x-ray films disclosed only cholelithiasis. 
She was thought to have severe depression 
and was transferred to the psychiatric ser- 
vice. Several days later, she began vomit- 
ing and her abdomen became distended. 
She was then transferred to the surgical 
service. She was treated for partial small 
bowel obstruction and, because of her de- 
bility and chronic weight loss, IVH was be- 
gun. She received 2,000 to 3,000 calories per 
day for 20 days and her weight increased 
from 38.9 to 40.6 kg (86 to 92 lb). An explor- 
atory laparotomy was performed. She was 
found to have regional enteritis involving 
the cecum and terminal part of the ileum, 
which was resected. Intravenous hyperali- 
mentation was continued for eight days 
postoperatively, at which time she was fed 
an elemental diet. Oral elemental feedings 
were slowly increased to a regular diet and 
she was discharged 20 days after oper- 
ation, weighing 45.3 kg (100 lb). A year 
later, she has no symptoms, has returned 
to work, and now weighs 53.4 kg (118 Ib). 
CASE 11.—A 64-year-old white man with 
known regional enteritis since 1960 was op- 
erated on in 1963 and 1965 for intestinal 
obstruction. He entered the hospital in 
January 1972 in a weak condition and was 
found to have a hemoglobin level of 6 
gm/100 ml. He had received prednisone in- 
termittently earlier and regularly for one 
week prior to admission. A series of upper- 
gastrointestinal tract roentgenograms at 
admission showed severe regional enteritis 
with stenosis and partial obstruction of the 
terminal part of the ileum. Treatment with 
IVH was begun and supplemented by an 
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124 elemental diet given orally. Eleven days 


REGIONAL ENTERITIS later, the patient was operated on and 


11 3⁄4 LB /30DAYS r, bd a jejunotransverse colostomy was per- 
122 - ó ae ? formed. At operation, he was found to 


have regional enteritis, beginning 30.4 cm 
9 (12 in) distal to the ligament of Trietz and 
& extending to the ileocecal valve. On the 
120 ee fourth postoperative day, a liquid diet was 
begun, and the next day, the IVH was dis- 
o continued. The patient’s condition im- 
proved and he was discharged several days 
later. This patient received IVH for 18 
days, and although he gained only 1.3 kg 
(3 lb) during that time, his health was 
improved sufficiently so that he had no 
problems during or after the operation. At 
the time of discharge, the patient was eat- 
ing a regular diet, which he has continued. 
y His only medications now are thyroid, iron, 
and a monthly cyanocobalamin injection. 
~\ He has had no difficulty with his disease 
112+? \\\\ and has not been hospitalized during the 
past two years. 
CASE 12.—A 16-year-old white boy had a 
Ye 20 30 two-year history of episodic, crampy, ab- 
DAYS dominal pain. During the three months 
prior to admission, he had weakness, leth- 
argy, intermittent fever, and a 4.8-kg (13- 
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Fig 3.—Continuous weight gain over 30-day period of IVH (case 2). Slight dip after 19 
days due to interruption of feeding for three days due to Candida infection from catheter. 


Fig 4.—Alterations in alkaline phosphatase, bilirubin, and SGOT levels during develop- 


ment and subsidence of cholestatic jaundice with IVH in an adult. 
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lb) weight loss. He was a chronically ill boy 
with a firm 4X3-em (1.8 1.2-in) mass in 
the right lower quadrant of the abdomen. 
Results of a barium enema examination 
and small bowel series of x-ray films dis- 
closed regional ileocolitis. In preparation 
for operation, he was given IVH for nine 
days. During this time, the patient re- 
ceived an average of 2,500 calories and 95 
gm of protein per day. He gained 3.8 kg 
(812 lb). At operation, the distal part of his 
ileum and ascending colon were resected 
and an ileotransverse colostomy was con- 
structed. His postoperative course was 
normal and he was discharged on the 
eighth postoperative day. Now, 2⁄2 years 
after operation, he weighs more then 45.3 
kg (100 lb) and is taking no medications. 
CASE 13.—A 19-year-old white man had 
regional enteritis for eight years. During 
this time he had grown only 4.3 em (11 in) 
and reached a maximum weight of 38 kg 
(84 lb). He had been hospitalized several 
times and in 1966, had a small bowel resec- 
tion for obstruction. In 1967, he was given 
steroids and had several exacerbations af- 
ter this. Two months prior to admission, he 
developed cramping pain in the lower part 
of the abdomen, and lost 4.5 kg (10 lb). The 
pain became progressively more severe; he 
began vomiting and was admitted to the 
hospital. He weighed 30.8 kg (68 Ib). At ex- 
amination, his abdomen was thought to be 
normal. After eight days of feeding 
through a nasogastric tube, he again had 
crampy abdominal pain with vomiting. 
Treatment with IVH was begun and he re- 
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a kga Ib). He was operated on and 30 em (1 

fthaf ileum was š resected. The IVH was not 
~ ¢ontinued -pastoperativ ely. The patient's 
E aition anproved, he recovered rapidly 
few his eperation, end was discharged 
nine days laver with no steroid medication 
= prescribed. He has done well fer the past 
three years. 

Case 14—A 28-year-old woman had a 
two-year hiszory of Crohn disease with in- 
volvement o` the ileum, transverse colon, 
and rectosigmoid color. She was admitted 
with fever abdomina pain, and weight 
loss to 35.3 k (78 lb) that did not respond 

to treatment with prednisone, salicylazo- 
-sulfapyridine (Azulfidme), and a diphen- 
oxylate preparation. A two-week trial of 
IVH was begun and resulted in a 4.5-kg (10- 
lh) weight zein but no relief in ner symp- 
tems. The [VH was stopped when a febrile 
episade associated with a transient he- 
molytic epēcde occurred. Staphylococcus 
epidermidis organisms grew ‘rom cul- 
tures of the eatheter. Blood cultures were 
negative.. Her fever su sided immediately 
after the catheter was removed and ampi- 
-cillm sodiem was given. Generalized 
arthralgia oceurred daring IVH, which 
was attributed to Crohn disease. However, 
when the IVE was stopped, the arthralgia 
subsided also. At operation, an abdominal 
abseess in “he right lower quadrant was 
found and the cecum and distal part of the 
ileum were resected with an ileo-ascending 
colostomy. Postoperatively, the patient de- 
veloped a sizmoid-cutameous fistula in the 
left lower quadrant that required drain- 
age. This petwent has had several exacer- 
g _bations during the past year. 

Case 15.—Æ 49-year-old white woman 
had a 20-year history of regional enteritis. 
Fifteen years ago, she had a segmental 
ileal resectim Two years ago, she had a 
resection of tae distal part of tae ileum 
and ascending colen with an ileotransverse 
colostomy. She then hed chronie weight 
loss, abdomina distention, and crempy ab- 
dominal paim “his patient’s care was com- 
plicated by a 2-year history of analgesic 
addiction; she had been giving herself in- 
jections of twc to six doses of pertazocine 
(Talwin) a day. She was a very thin, ner- 
vous woman Her abdomen was slightly 
distended and -ympanitic. There were sev- 

_ eral open ulcers on both her thighs, pre- 
sumably due to injections. A small bowel 
roentgenogram disclosed a 90% obstruction 
of the ileotrarsverse cclostomy with no 

_ evidence of aetive disease. During a two- 

= week period of IVH, she gained 21 kg (7 
qb), the ulcers cm her thighs began to heal, 





_ and the symptoms of partial small bowel- 


th era saksided. The period of IVH 





was complicated first by a transient period 
of dyspnea that was related to a calcium 
phosphate precipitate in the intravenous 
solution. This subsided immediately when 
the administration of this solution was 
stopped. She also had a period of bactere- 
mia due to S mitus. This subsided 
promptly with removal of the catheter and 
a short course of clindamycin. The ileo- 
transverse colostomy was then resected 
and she has had complete relief of her 
symptoms of obstruction. However, the 
drug addiction continues and she has 
failed to gain weight during the five 
months since operation. She is taking 10 
mg of prednisone daily. 


Results 


The nine patients in the group that 
did not have an operation were all 
acutely and chronically ill and were 
deteriorating in spite of vigorous 
medical management at the time that 
IVH was begun. Four of these pa- 
tients had prior resections of small in- 
testine and/or the cecum and ascend- 
ing colon, and were treated at this 
time for partial intestinal obstruc- 
tion. All had extensive disease with 
involvement of the stomach, duode- 


num, jejunum, and ileum (one pa- 


tient) and an enterocutaneous fistula 
(one patient) following a resection 
elsewhere. All nine of these patients 
had remission of their symptoms with 
IVH treatment. Seven of the nine pa- 
tients had weight gains of 3.1 to 11.3 
kg (7 to 25 lb) (Table 2). Two patients 
(cases 1 and 4) had loss of edema, so 
the new weight gain was zero. The 
only patient (case 9) in this series 
with ulcerative colitis had remission 
of diarrhea, hematochezia, and pain 
after 36 days of IVH. Steroid dosage 
was reduced during IVH treatment 
in five patients, eliminated in two, 
not given in one, and unchanged in 
one. 

Follow-up of these nonoperated pa- 
tients indicates that four patients 
(cases 1, 2, 6, and 7) have done well for 
four months to three years and no 
longer require steroids. Three pa- 
tients (cases 5, 8, and 9) have been re- 
hospitalized for acute exacerbations 
and required steroid treatment, and 
one of these patients (case 8) has had 
a good response after a second 32-day 
course of IVH. One patient (case 3) 


developed an ileocutaneous fistula at 


a previous abscess site and required 


segmental ileal resection and excision 

of the fistula tract. Now, three 

months after operation, he has no — 

symptoms and requires no medica- 

tion. One patient (case 4) died of an 

ileal perforation and peritonitis one — 

month after discharge. “= 
In the operated group, five of the- 

six patients experienced an increase a 

in weight and strength and relief of 


= their symptoms before the operation. 


All five of these patients have done 
well one to three years postoperatively 
and are taking no steroids. The indi- 
cations for operation in these five pa- 
tients were as follows: failure to grow = 
in two teen-age boys (cases 12 and 
13), chronic obstruction of the distal i 
part of the ileum in two older pa- 
tients (cases 11 and 15), and in one 
case (case 10), Crohn disease was an 
unexpected finding at exploratory 
laparotomy. The sixth patient in this 
group (case 14), who had an abdomi- 
nal abscess in the right lower quad- 
rant and Crohn disease of the ileum, 
transverse, and sigmoid colon, experi- 
enced weight gain but developed bac- 
teremia, jaundice, and arthralgia. 
This required stopping the [VH. 


ne: 
r. 


Comment 


Our experience with this small E 
group of patients, although in good 
part anecdotal, does illustrate several 
consistent findings. Total bowel rest 
and IVH can consistently improve 
the nutritional status of such patients 
and can produce remissions from an 
acute episode in many. Unfertunate- 
ly, this form of treatment does not 
seem to alter the unpredictable and 
recurrent nature of regional enteritis. 
It was our hope that more patients E 
might have longer periods of remis- 
sion, but this was not the case. All of | 
the patients treated in this way had — 
complicated problems and extensive E 
disease, whereas the patients who 
had an operation also had more local- 
ized disease. Thus, our experience 
with IVH as primary therapy was 
heavily weighed by patients with re- 
current, severe disease. One could ar- 
gue that if all patients had been e. 
given a trial of primary IVH therapy, 
more provera remissions might a 






with the knowledge that many pa- 
tients with intractable but localized 
disease have an extremely good result 
after a resection. Therefore, long- 
term IVH and bowel rest (three to six 
weeks) should probably be used, and 
can be life-saving, in a more narrow 
spectrum of patients with Crohn dis- 


ease, namely, those in whom vigorous 


medical management has failed, and 
when either the patient has diffuse 
disease and no reasonable extirpative 
procedure is possible or the patient 
has complications or problems that 
would make an operation hazardous 
or questionable. 

Short-term IVH and bowel rest 
(seven to ten days) has been found to 
be an excellent way to prepare a fast- 
ing patient for operation. Again, in 
this group, the experience is small, 
but the incidence of recurrence does 


Table 2.—Weight Gain in Patients 
Who Did Not Undergo Operation* 


Weight Gain, 
kg (Ib) 
(0) (Anasarca 
subsided) 
30 = 55.8 (13) 
21- “34 7%) 
26 O (0) (Edema 
subsided) 
42 10.4 (23) 
21 4.9 (11) 
33 7.2 (16) 


Days 
of IVH 


50°: <0 


Case 


8 First ad- 
mission 39 
Second ad- 
mission 32 11.3 (25) 
36 8.5 (19) (Ulcer- 
ative 
colitis) 


10.4 (23) 





Average 


* Intravenous hyperalimentation (IVH) was 
used as primary therapy. 
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not seem to be different from that of 
patients with Crohn disease who had 
resections of diseased segments of 
bowel and were not treated with 
IVH.* 

Administering IVH to patients 
with Crohn disease presented unique 
problems in two areas. First, fever 
and tachycardia, which invariably ac- 
companied an acute episode of the 
disease, presented problems in our 
being sure that the central venous 
catheter was not producing the fever. 
The policy used by the hyperalimen- 
tation team was to remove all central 
venous catheters within 12 hours of a 
change in the patients’ temperature 
course or to remove the catheter im- 
mediately, if there was a sudden rise 
from normal to greater than 38.3 C 
(101 F). During the 414 days of cen- 
tral venous feeding, four positive cul- 
tures, from either the blood or cathe- 
ter tip, were obtained (case 1, S 
fecalis; case 2, C albicans; case 14, S 
epidermis; case 15, S mitus), but 
there was no serious morbidity associ- 
ated with the catheter septicemia. In 
these four patients, treatment con- 
sisted of removing the catheter and 
replacing it in a new location; a short 
period of antibiotic administration 
was used in three. Most of these prob- 
lems occurred early in our experience 
with IVH before we insisted that all 
catheters be cared for by a trained 
IVH team.’ No patients in this series 
had complications related to catheter 
insertion or placement. Such prob- 
lems and infections have been re- 
viewed'’'' and can be decreased 
greatly by careful supervision.’ The 


Table 3.—Weight Gain in Patients Who Had an Operation 


Days of IVH 


Preop-  Postop- 
erative erative Total 


10 20 8 28 
11 5 
12 0 
13 0 


14* 
15 4 


Average 


Weight Gain, 
kg (Ib) 
6.3 (14) 


Operation 


Resection (distal part of 
ileum & cecum) 


Jejunotransverse 
colostomy 


Resection (distal part of 
ileum & cecum) 


lleal resection 
Ileal resection 


lleotransverse 
colostomy 


1.3 (3) 
3.9 (9) 


3.1 (7) 
4.5 (10) 
3.6 (8) 


2.7 (6) 





* The IVH was discontinued because of jaundice and arthralgia. 
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prolonged treatment required is the 
second problem area. The average 
length of therapy was 33 days in the 
nonoperated group. The cost of such 
treatment is about $3,300 (an average 
of $100 each day) for the IVH solu- 
tions and required laboratory studies, 
in addition to the cost of hospitaliza- 
tion. The psychologic profile of the pa- 
tient with Crohn disease has been 
well characterized.’ The prolonged 
length of treatment, combined with a 
rather boring hospital environment, 
has made the lack of patient willing- 
ness to continue therapy a frequent 
problem. This problem has been some- 
what alleviated by the use of physical 
therapy, occupational therapy, and 
occasionally psychiatric consultation. 
The appropriate length of time to 
achieve the best response with bowel 
rest and IVH is not known. The pa- 
tients’ symptoms and abdominal ab- 
normalities often subside within a 
week. It has been assumed that a 
month or so of treatment is required 
to achieve a remission, but there is no 
exact information about this. When 
the patient begins to feel better, it 
becomes increasingly difficult to 
maintain his interest in continuing 
such therapy. 

Cholestatic jaundice developed in 
one patient (case 7). In this instance, 
there was a rapid increase in alkaline 
phosphatase and bilirubin levels with 
less of an increase in SGOT over the 
ten-day period the IVH solutions 
were given and a prompt return 
toward normal when IVH was discon- 
tinued (Fig 4). The occurrence of cho- 
lestatic jaundice with IVH has previ- 
ously been reported in pediatric 
patients." A contributing factor to 
the development of cholestatic jaun- 
dice in this patient may have been 
coexisting liver disease associated 
with Crohn disease.'* Previously, a 
direct hepatotoxic effect of the IVH 
solution'*'* or immature hepatic en- 
zyme systems" have been suggested 
as causes for the occasional develop- 
ment of cholestatic jaundice. 

All of the patients in the non- 
operated group had significant 
weight loss with hypoalbuminemia 
and secondary hypocalcemia. In sev- 
eral cases, it was necessary to mea- 
sure the ionized calcium to determine 
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the effectwe calcium ion eoncentra- 
tion. 

Magnesium concentration should 
be measured routinely in these pa- 
tients because of reports of hypo- 
magnesentia associated both with 
Crehn disease and starvation states 
from any cause.’*** An interesting 
and recently recognized relationship 
between magnesium and calcium’ 
was exemplified in case 15, in which 
hypocalcensia could not be corrected 
until the kypomagnesemia was cor- 
pected. A pessible explanaticn for this 
phenomencn is based on the premise 
that hypemagnesemia leads to a de- 
creased production of parathyroid 
hormone, which, in turn, results in 
secondary hypecalcemia. 

Severe hypophcsphatemia was 
found at the time of admission in two 
patients. Beth were patients who, at 
other hosp:tals, received IVH with 
amino acid solutions that contained 
no phosphate. The original IVH solu- 
tions were asein hydrolysate, which 
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Dr. Baue: When we began some years 
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with bowel rest and IVH, we were im- 
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perienced. Swmptoms of obstruction sub- 
sided quickly and the patients felt better. 
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contained reasonable maintenance 
doses of calcium, magnesium, and 
phosphate. In contrast, the newer 
amino acid solutions do not contain 
these ions (Table 1) and supplements 
are necessary. 

The development of metabolice aci- 
dosis with IVH has been much less 
frequent, since the detrimental effect 
of excess chloride ion has been recog- 
nized and acetate and phosphate salts 
of sodium and potassium have been 
used. Sodium acetate, sodium phos- 
phate, and potassium acetate are not 
included in many hospital formu- 
laries, but are necessary as additives 
if the amino acid solutions are to be 
used safely. 

Ulcerative colitis that is resistant 
to medical management has been re- 
ported to respond to total bowel rest 
and IVH in only about 50% of cases.’ 
The one patient in this series with ul- 
cerative colitis (case 9) experienced 
remission from the acute episode, but 
one year later had a second exacerba- 
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Discussion 


We thought that perhaps the course of the 
disease might be altered by a remission 
produced by this method. However, this 
does not seem to be the case. The present 
report indicates that the long-term course 
of the disease is unaltered by IVH. In spite 






tion that responded to medical man- al 
agement. 


Conclusions 


1. Prolonged IVH and bowel rest 
can be life-saving in achieving remis- 
sion in acute fulminating cases of 
Crohn disease that are refractory to 
medical management. 

2. Bowel rest and IVH can provide 
a remission in patients who have had 
previous resections and in whom fur- 
ther loss of bowel could produce prob- 
lems. 

3. Treatment with IVH can pro- 
vide excellent preoperative prepara- 
tion in the chronically ill, fasting pa- 
tient with Crohn disease. 

4. In spite of consistent remission 
from the acute episode by IVH, the 
long-term course of Crohn disease in 
this small group of patients did not 
seem to be altered or impreved after 
a remission achieved by the use of 
IVH. 
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of this, the approach is helpful in many of 
these seriously ill patients, both in prepa- 
ration for operation and to provide a re- 
mission when it is best to avoid further op- 
erations. 
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Revenge, airport coronaries-- 
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of people avail themselves of the 
speed and ease of jet travel for 
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patients against tropical dis- 
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overseas medical care, immu- 
nizations. 


Order your copy today--and 
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tient a bon voyage. 
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sitivity to Collagenase. 
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acidic solutions such as Burow’s solution should b 
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ing materials such as hydrogen peroxide or Dakin’ 
solution do not interfere with the activity of the enzym 
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systemic bacterial infections because of the theore! 
cal possibility that debriding enzymes may increas: 
the risk of bacteremia. 


The ointment should be confined to the area of th 
lesion in order to avoid the risk of irritation or mace 
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surrounding tissue particularly when the enzyme oin 
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Since the enzyme is a protein, sensitization may di 
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Dosage & Administration: Santy| Ointment should bi 
applied once daily (or once every other day in thi 
case of outpatients) in the following manner. 


(1) Prior to application the lesions should be gent! 
cleansed with a gauze pad saturated in normal salini 
buffer (pH 7.0-7.5) or hydrogen peroxide to removi 
any film and digested material. 


(2) Whenever infection is present, as evidenced b' 
positive cultures, pus, inflammation or odor, it is di 
sirable to use an appropriate topical antibacterial agen 
Neomycin-Bacitracin-Polymyxin B (Neosporin) ha: 
been found compatible with Santy! Ointment. Thi: 
antibiotic should be applied to the lesion in powde 
form or solution prior to the application of Santy 
Ointment. Should the infection not respond, therap 
with Santy!l Ointment should be discontinued unti 
remission of the infection. 


(3) Santyl Ointment should be applied (using a wooder 
tongue depressor or spatula) directly to deep wound: 
or, when dealing with shallow wounds, to a sterile 
gauze pad which is then applied to wound. The wounc 
is covered with sterile gauze pad and secured witt 
clear tape or Kling bandage. 


(4) Crosshatching thick eschar with a #11 blade is 
helpful. It is also desirable to remove as much loos 
ened detritus as can be done readily with forceps anc 
scissors. 


(5) All excess ointment should be removed each time 
dressing is changed. 


(6) Use of the ointment should be terminated wher 
sufficient debridement of necrotic tissue has taker 
place. 


Overdose: Action of the enzyme may be stoppec 
should this be desired, by the application of Burow’s 
solution U.S.P. (pH 3.6-4.4) to the lesion. 


How Supplied: Santy| Ointment contains 250 units o' 
Collagenase enzyme per gram of white petrolatur 
U.S.P. The potency assay of Collagenase is based or 
the digestion of undenatured collagen (from bovine 
Achilles tendon) at pH 7.2 and 37° C. for 24 hours 
The number of peptides cleaved are measured by 
reaction with ninhydrin. Peptides released by a tryg 
sin digestion control are subtracted. One net Collage 
nase unit will solubilize ninhydrin reactive materia 
equivalent to 4 micromoles of Leucine. 
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Three hundred patients with large bowel 
obstruction were treated by emergency oper- 
ation in a county, Veterans Administration, 


_ and community hospital population. Primary 


carcinoma of the colon, volvulus, and diver- 
ticulitis were the etiological factors in 84% 
of the patients. The combined hospital mor- 
tality of 37% was distributed as follows: 
county, 42%; VA, 40%; and community, 


e successful management of 

large bowel obstruction (LBO) 
presents a continuing challenge to 
the surgeon caring for patients with 
diseases of the digestive tract. The le- 
thal nature of this problem has been 
emphasized by various authors.'? An 
analysis of the management of LBO 
has been carried out in three diverse 
medical settings as represented in 
a county, Veterans Administration, 
and community hospital population in 
an attempt to gain a broad perspec- 
tive of the problem. Cases were in- 
cluded only if emergency operation 
was necessary as part of the manage- 
ment of the acute obstruction. 


30%. Mortality from obstructing carcinoma 
was similar in all institutions. This was ap- 
parently related to the frequent insidious on- 
set. In contrast, the community hospital had 
a decided edge in the successful manage- 
ment of volvulus and obstructing diver- 
ticulitis. The more dramatic onset of these 
two diseases prompted the private patient to 
seek medical consultation earlier. 


Materials and Methods 


One hundred consecutive cases requiring 
emergency operative intervention were se- 
lected from each of the three types of 
hospital: county (Cook County Hospital, 
Chicago), VA (Veterans Administration 
Hospital, Hines, Ill), and two community 
hospitals (St. Francis Hospital, Evanston, 
Ill and St. Francis Hospital, Blue Island, 
Ill) (50 cases each). Cases were not in- 
cluded if they were first discovered at au- 
topsy or if relief of the obstruction sponta- 
neously occurred, permitting later elective 
surgery. However, those patients with sig- 
moid volvulus managed initially by sig- 
moidoscopic decompression with a large 
rectal tube were included. 

Mortality was calculated as death in the 


a 


Accepted for publication Dec 4, 1973. 

From the departments of surgery, Loyola Uni- 
versity Affiliated Hospitals: Foster G. McGaw 
Hospital, Maywood, Ill (Drs. Banich and 
Freeark), Veterans Administration Hospital, 
Hines, Ill (Drs. Greenlee and Pienkos); and St. 
Francis Hospital, Blue Island, Ill (Dr. Van- 


470 Arch Surg/Vol 108, April 1974 


derbilt); and Cook County Hospital, Chicago. 
Read before the 81st annual meeting of the 
Western Surgical Association, Houston, Nov 16, 
1973. 
Reprint requests to Department of Surgery, 
Veterans Administration Hospital, Hines, IL 
60141 (Dr. Greenlee), 


hospital following the initial operative pro- 
cedure rather than arbitrarily selecting a 
particular cutoff point during the postoper- 
ative period. It was concluded that this 
best emphasized the natural history of this 
problem, although in several instances this 
weighted the figures against the public 
hospitals as patients died while waiting for 
social service disposition. 


Clinical Presentation 


From a summary of initial symp- 
toms and the results of the physical 
examinations administered on admis- 
sion, abdominal pain was seen to be 
the most common complaint (64%). 
This ranged from severe excruciating 
pain usually associated with peri- 
tonitis to a vague, poorly localized 
abdominal discomfort with varying 
severity of abdominal cramping. 
Slightly over one third of the patients 
either denied severe abdominal pain 
or complained only of bloating or 
“gas.” In spite of high-grade obstruc- 
tion, 51% of patients denied severe 
constipation or obstipation. Sur- 
prisingly, 19% of patients complained 
of diarrhea, probably representing ei- 
ther passage of a small amount of liq- 
uid around the obstruction or a mucus 
discharge from the obstructing neo- 
plastic or inflammatory lesion. Vom- 
iting in 31% of the patients either oc- 
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Table 1.—Sex Diszribution in LBO* 


Carci Val- Diver- 
noma vulus ticulitis 
County 42/31 5/9 7/0 
Community 26/15 7/15 11/6 
VA 1/44 0/15 #£0/13 


Hospital 


* First figure represents number of wom- 
en; second figure, number of men. 


eurred early as a reflex response to 
sudden colenic distention or as a late 
manifestation secondary to small 
bowel distention. A history of rectal 
bleeding was elicited in 12% of pa- 
tients. None of the patients had mas- 
sive lower gastrointestinal tract hem- 
orrhage. 

It was sumprisingly difficult to 
pinpoint when the acute symptoms 
started. In one third of the patients 
no definite onset could be determined. 
In the remainder, tne duration of the 
acute symptoms varied from 2% days 
with volvulus to five to six days from 
ebstructing carcinoma. Acute symp- 
toms from diverticulitis resulting in 
LBO had an intermediate average du- 
ration of four days. In essentially all 
patients with volvulus, onset was 
quite clear-cut. The sudden distention 
after torsion apparently alerted the 
patient te an intra-abdominal catas- 
trophe. In contrast, the enset of ob- 
structing carcinoma was often in- 
sidious, the patient coming to the 
physician late in the course of the dis- 
ease with a vague history frequently 
cating baek many months. Diver- 
ticulitis might have been expected 
consistently to result in significant 
peritoneal irritation prompting the 
patient to seek medical attention 
early, but eften it was far advanced 
when the patient was first seen by 
the physician. 

On initia! physical examination, ab- 
dominal distention was recognized 
and recorded in only 61% of the pa- 
tients. Presumably the incidence was 
higher, but the degree was not suffi- 
cient to alert the examining physi- 
cian. Abdominal terderness with the 
usual peritoneal signs was present in 
those patients with sigmoid diver- 
ticulitis or asseciated viseus perfora- 
tion. The difficult evaluation and in- 
terpretation of marked tenderness in 
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AGE (DECADES) 


Fig 1.—Age distribution in each medical setting. Variation in age of VA population proba- 
bly reflects number of veterans before and after World War | who were hospitalized. 


the distended abdomen, however, pre- 
vented an accurate estimate of this 
finding. Commonly slight peritoneal 
irritation from the distended cecum 
could be elicited. Abdominal and rec- 
tal examination revealed a palpable 
mass in 22% of the patients. 

The age distribution is presented in 
Fig 1. Two thirds of the patients were 
over 60 years of age, indicating that 
LBO is a problem encountered pri- 
marily in the older patient. The 
greater number of patients admitted 
from ages 60 to 69 in the VA setting 
reflects the high number of admis- 
sions of World War I veterans during 
the period of the study. Similarly, the 
small number over 80 years of age re- 
flects the paucity of pre World War I 
veterans. 

The sex distribution of the three 
most frequent lesions causing LBO is 
summarized in Table 1. Analysis of 
the county and community hospital 
population indicates a greater inci- 
dence of carcinoma and diverticulitis 
in women, while with volvulus men 
predominate. 


Diagnosis 


An abdominal roentgenogram with- 
out contrast media is a most effective 


diagnostic tool and served to substan- 
tiate the initial clinical impression, or 
if this diagnosis had not been enter- 
tained, to alert the physician to this 
possibility. The classic abdominal 
roentgenogram demonstrates marked 
colonic distention with a cutoff in the 
sigmoid colon. More commonly, how- 
ever, considerable small bowel dis- 
tention is also present and even the 
experienced radiologist will find it 
difficult to distinguish smal! and large 
bowel loops. Emergency barium enema 
examination will either identify the 
location of the obstructing lesion, or 
rule out colonic pathologic findings as 
the cause of the bowel distention (Fig 
2). Barium enema examination was 
performed in 85% of the patients in 
this series. It was omitted if free air 
was present on a plain film of the ab- 
domen or if peritonitis was suspected. 
Even in these latter patients, a care- 
ful examination with barium or a wa- 
ter-soluble contrast medium may oc- 
casionally be done by an experienced 
radiologist who is completely conver- 
sant with the clinical problem. The 
value of radiography in sigmoid vol- 
vulus is conclusively shown in Fig 3. 

The infrequent use of proctosig- 
moidoscopy in only 25% of patients in 
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Fig 2.—Complete obstruction in sigmoid colon to retrograde flow 
of barium. 


this series cannot be condoned. Not 
only does this often provide addi- 
tional confirmation of the site of the 
obstruction, but the cause of the ob- 
structing lesion may be identified. 
Other laboratory data, such as the 
blood count and blood chemistry val- 
ues, were of help only in determining 
the presence of peritonitis and eval- 
uating the general condition of the 
patient, but added no specific infor- 
mation pertinent to the diagnosis of 
LBO. 


Results 


The etiological factors responsible 
for LBO are summarized in Fig 4. 
Primary carcinoma, volvulus, or di- 
verticulitis were identified as the eti- 
ological factors in 84% of the patients. 
The balance included metastatic car- 
cinoma from other intra-abdominal 
organs causing extrinsic obstruction 
(6%) and a variety of conditions in- 
cluding stricture, hernia, fecal impac- 
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Fig 3.—Confirmation of diagnosis of sigmoid volvulus can almost 
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always be made by barium enema examination. Area of torsion is 


well illustrated here. 


tion, ileus with no mechanical ob- 
struction, pseudocyst of the pancreas, 
adhesive bands, and undetermined 
causes. 

The combined hospital mortality of 
37% was divided as follows: county, 
42%; VA, 40%; and community, 30%. 
The mortality related to cause is 
shown in Fig 5. No difference in mor- 
tality was found in those patients 
with obstructing carcinoma, but a de- 
cided edge went to the community 
hospitals in successful management 
of those patients with volvulus and 
obstructing diverticulitis. This ap- 
pears related to the insidious onset of 
obstructing carcinoma. The private 
patient sought medical attention no 
earlier than the patient in the public 
hospital setting. In contrast, volvulus 
and diverticulitis generally had a 
more dramatic onset. In the commu- 
nity hospital setting, the patient was 
admitted quite promptly and defini- 
tive operative management was in- 


stituted earlier. 

Analysis of the delay after admis- 
sion to the hospital until definitive 
treatment revealed that in 75% of the 
patients the diagnosis was promptly 
made and treatment instituted with- 
in 24 hours (average, 13 hours). How- 
ever, operation was delayed in 25% of 
the patients from two days to several 
weeks. Several factors responsible for 
this delay included progression from 
apparently incomplete to complete 
obstruction following admission and 
difficulty in arriving at the proper 
diagnosis. A third category of pa- 
tients included those individuals who 
developed LBO while already in the 
hospital for another reason (hip 
fracture, neurological or psychiatric 
disorder.) There was often an un- 
fortunate delay in recognizing this 
complication in these hospitalized pa- 
tients until quite late. Further analy- 
sis of mortality indicated the cause of 
death fell into one of three major 
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eategories: (1) coex:stent medical dis- 
ease, 75%; (2) carcinomatosis, 15%; 
and (3) postoperative complications, 
10%. Pulmonary, cardiovascular, and 
renal complieations aceounted for 
three fourths of the deaths. This is 
probably not surprising considering 
the stress of the often prolonged ob- 
structive period followed by operation 
in these debilitated and elderly pa- 
fients. In a large number of patients 
with obstruction resulting from ex- 
trimsic or far advaneed primary large 
bowel carcinoma, progressicn of the 
primary cancer resulted in death dur- 
ing the initial hospital stay. The 
postoperative complication most fre- 
quently responsible for death was 
peritonitis. This most frequently rep- 
resented progression of the estab- 


lished perrtonitis encountered at the 


initial operatien (perforation, ad- 
vaneed diverticulitis) but also in- 
cluded several patients who had 
decompression with little or no ex- 
poration and pestoperatively rapidly 
developed a septic course from peri- 
tcnitis. Although minima! operative 
expleration at the time of exploration 
is our general policy, an attempt 
should be made to ersure viability of 
the eecum and ascending colon and 
deteetion of actual or imminent per- 
foration. 

Mortality related to age is summa- 
rized in Fig & In the older age 
groups, mertality is higher, but the 
younger patient is exposed to consid- 
erable risk unless the LBO is 
promptly and properly managed. 


Specific Management of 
the Major Caus2s of LBO 


Primary Carcinoma—The manage- 
ment of all ef the obstructing carci- 
nomas in the series of 159 patients 
may be outlined as follows: left colon: 
preximal decompression, 115 patients 
(105 transverse coloszomies, zen ce- 
costemies); resection or exterioriza- 
tion (11 patients); right colon: proxi- 
ma. decompression (three patients), 
by-pass (twe patients, and resection 
or 2xteriorization (28 patients). The 
basic philosophy at each institution 
involved proxima! decompression for 
obstructing left colon carcinoma and 
primary resection of the lesion when 
the obstruction was located in the 
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Fig 4.—Etiologic distribution in each medical setting. Primary carcinoma, volvulus, and di- 
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tality from obstructing carcinoma was found in different hospitals. Community hospitals 
fared better in successful management of volvulus and diverticulitis. 
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right colon. Transverse colostomy was 
favored as a method of decompression 
and cecostomy was reserved for those 
situations in which technical consid- 
erations, location of the carcinoma, or 
cecal perforation precluded trans- 
verse colostomy. No attempt will be 
made to assess the relative merits of 
transverse colostomy vs cecostomy on 
the basis of our experience. Other au- 
thors have commented on this prob- 
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lem,’ and our management reflected 
the personal bias of the surgeons in- 
volved. 

The location and mortality for each 
location is summarized in Fig 7. Al- 
though the county hospital experience 
indicated a slightly better survival 
for right colon lesions, overall analy- 
sis of the combined series showed al- 
most identical mortality for both 
sides of the colon. 
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Fig 6.—Relationship of mortality and age. Mortality increases with age, but even in 
younger population LBO remains serious problem. 


Table 2.—lnitial Management of Volvulus* 


Sigmoid- 
oscopic 
Reduc- 

tion 
17/1 


Colos- 
tomy 
Only 


4/2 


Sigmoid (35) 
Cecal (16) 


Transverse 
colon (1) 


Dero- 
tation 


Dero- 
tation 
& Cecos- 
tomy 


Exterior- 
ization 
5/1 


Resec- 
tion 


2/0 7/3 





* First figure represents number of patients; second figure, number of deaths. 


Volvulus.—The initial management 
of volvulus is summarized in Table 2. 
The effectiveness of the conservative 
management of sigmoid volvulus by 
insertion of a well-lubricated rectal 
tube into the dilated loop via procto- 
sigmoidoscopy is well illustrated here 
and agrees with other authors.‘ The 
tube is anchored in place and subse- 
quent elective resection planned dur- 
ing the same hospital stay. However, 
if signs of peritonitis are present, if 
difficulty is experienced in passing 
the tube proximal to the obstruction, 


if blood exudes from the obstructed 


loop, or if the color of the mucosa sug- 
gests strangulation obstruction, im- 
mediate laparotomy is planned. Sev- 
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eral options are available to the 
surgeon at the time of operation. If 
the bowel is viable, decompression 
can best be done by having an assist- 
ant insert a soft catheter via the anus 
and rectum with the operator thread- 
ing the tip past the obstruction into 
the dilated segment. Direct trocar de- 
compression of the dilated loop makes 
contamination of the peritoneal cav- 
ity a definite possibility and should be 
avoided if possible. After decompres- 
sion, detortion can be safely carried 
out. The indwelling rectosigmoid tube 
is anchored in place to prevent recur- 
rence and elective resection can be ac- 
complished at a later date (preferably 
during the same hospitalization.) At- 
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Fig 7.—Distribution and mortality for 
each segment of large bowel. Right and left 
colon mortality are approximately equal. 


tempts to perform sigmoid colopexy 
to prevent recurrence are generally 
not successful. If nonviability is sus- 
pected or if signs of strangulation are 
present, resection of the involved 
area must be accomplished at the ini- 
tial operation. We prefer resection of 
the involved loop, establishment of an 
end sigmoid colostomy, and closure of 
the rectal stump (or construction of a 
mucous fistula if the distal segment is 
long enough). If there is a minimal 
disparity between the two ends of the 
bowel proximal and distal to .the 
volvulus, primary resection with 
anastomosis protected by a proximal 
colostomy can be considered. This ap- 
proach carries with it the dis- 
advantages of primary anastomosis 
in the left colon in the unprepared 
bowel. In summary, conservative 
management with proctosigmoido- 
scopic decompression followed by 
elective resection is the preferred ap- 
proach. If strangulation obstruction 
is suspected, laparotomy is manda- 
tory with choice of one of the options 
outlined above. 

In distinction to sigmoid volvulus, 
there is no place for the nonoperative 
approach in cecal volvulus. Primary 
resection with ileotransverse colos- 
tomy is the procedure of choice. If the 
bowel is definitely viable and primary 
resection and anastomosis is not fa- 
vored because of the poor operative 
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condition o” the patient er the pres- 


ence of severe associated debilitating 


disease, simple detertion plus cecos- 
tomy is recommended. This latter 
serves not only to decompress the dis- 
tended loop but also serves as a cecal 
anchor to prevent recurrent volvulus. 
E nonviabi ity is suspected or frankly 
evident and resecton and primary 
anastomosis cannot be dene because 
of the poer operativ2 condition of the 
patient, @criorizat-on with obstruc- 
tve reseet.on is an acceptable al- 
ternative. 

Diverticuïtis With Obstruction.— 
Thirty-five patients had LBO due to 
Civerticulit:s of the left colon. The 
Figh mortality in this group of pa- 
tients reflects the complexity of the 
problem ard cannot be compared to 
the excellent results now being ob- 
tained in the surgical management of 
diverticulitis as a whole.” Fourteen of 
the 35 patients had perforation at the 
site of diverticulitis. One has to deal 
with the added morbidity of LBO in 
addition tc complicated diverticulitis. 
Proxima! @lostomy only was used in 
50 of the 3& patients (13 died). A more 
aggressive attempt involving resec- 
tion of the invelved area fared worse 
(four died) 


Special Considerations 


Associated Perforztion.—Perforation 
m the presence of LBO compounds 
the threat to the patient’s life.’* A 
recegnized perforation was present in 
8% of the vatients in this series, 4% 
representing proximal “blowout” and 
the balane, perforation at the site 
ef the leson. While decompressive 
transverse colostomy may represent 
adequate management of perfora- 
tion of the left colon, an unrecognized 


WISHARD S. LORIMER, JR, MD, Fort 
Worth, Tex: Several years ago I was very 
fascinated when, as a zuest ef the Chicago 
Surgical Socsety, one cf Dr. Freeark’s resi- 
cents presented their experience at Cook 
County Hospital with patients having com- 
plete colomie obstruction requiring emer- 
gency surgical decomoression. In review- 
img their cases, they were surprised at the 
high mortalcty. 

As a resieent at Cook County Hospital 
m 1947, we undertock a similar review 
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right colon “blowout” will obviously 
result in a fatality. While minimal 


or no exploration is usually recom- 


mended at the time of transverse co- 
lostomy, this approach should be mod- 
ified sufficiently so that the operator 
is assured of cecal and ascending co- 
lon viability. Several patients in the 
series died of fulminant peritonitis in 
the postoperative period after trans- 
verse colostomy with no exploration. 
Autopsies were not obtained so final 
proof is lacking, but an unrecognized 
perforation either at or subsequent to 
the operation was suspected. 
Roentgenographic Measurement of 
Cecal Size as a “Predictor” of Potential 
Perforation.—No correlation between 
cecal size and subsequent perforation 
was obtained in this group of pa- 
tients. A cecal diameter of 10 cm 
or greater in an abdominal roentgen- 
ogram is helpful in alerting the physi- 
cian to the possibility of distal LBO 
but does not indicate the likelihood of 
perforation. Cecal diameters up to 20 
cm were identified that responded to 
routine decompressive procedures. 
Subsequent “Staged” Procedures Fol- 
lowing Initial Decompression.—In the 
public hospital setting, only 46% 
of those patients who survived the 
initial decompression operation sub- 
sequently underwent the definitive 
procedure. In contrast, 60% of the 
community hospital patients had ap- 
propriate follow-up operations. A va- 
riety of reasons were responsible for 
this, including death prior to second 
stage, advanced carcinoma, serious 
coexistent disease, and refusal of the 
patient to agree to further surgery. 


Comment 
Mortality remains high in LBO. 


Discussion 


because others were reporting such high 
mortality. Having gone back from 1936 to 
1946, data were reviewed on 200 consec- 
utive cases requiring emergency decom- 
pression. Our mortality was identical to 
these being reported here this morning. 

Since this mortality has remained so 
constant for nearly 40 years, one wonders 
if in another 25 years someone else will be 
reporting the same high mortality for 
these cases. . 

I agree with the authors’ conclusions. 
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This is partly due to the insidious on- 
set, the patient often consulting the 
physician late in the course of the dis- 
ease. Once admitted to the hospital, 
prompt diagnosis and operative inter- 


vention is essential. There is no place — 


for “conservative” management, de- 
lay generally resulting in a deteri- 
oration of the patient’s condition. Re- 
duction or elimination of the delay 
in diagnosis and treatment of the 25% 
of patients who were in the hospital 
over 24 hours should improve the re- 
sults. A radical departure from cur- 
rent operative approaches does not 
appear indicated and, indeed, might 
adversely affect the already dismal 
results. The physician has little con- 
trol over the timing of the patient’s 
initial request for help, but he is 
directly responsible for any subse- 
quent delay. 
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We surgeons do not have an opportunity 
to gain control over these patients soon 
enough. These patients are rarely seen at 
the onset of their obstruction. Unfortu- 
nately, colonic obstruction has an insidious 
onset. These patients rarely arrive at the 
hospital with the severe cramping abdomi- 
nal pain and fecal vomiting that is so 
characteristic of small bowel obstruction. 
They usually have tried laxatives and even 
enemas for several days. Distention is 
greater than in the small bowel obstruc- 
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tion, but it also has a slow onset. 

The patients are seen first by one of our 
colleagues, and while a diagnosis of intesti- 
nal obstruction is correctly made, the loca- 
tion of the obstruction, the fact that it is 
a colonic obstruction and therefore repre- 


sents a closed-loop obstruction, is not ap- 


preciated soon enough. Unfortunately and 
far too infrequently, the patient is not de- 
compressed surgically soon enough. Thus, 
all the scientific advances in surgery the 
past 40 years have failed to improve the 
plight of these patients. It seems obvious, 
therefore, that earlier recognition of co- 
lonic obstruction, and appreciation that it 
is functionally a closed-loop obstruction, 
and finally that emergency decompression 
is the only method of treatment are the 
factors that will improve results. 

DARRELL A. CAMPBELL, MD, Ann Arbor, 
Mich: One has to be brave, indeed, for a 
small-town surgeon to make any remarks 
in regard to a fine article such as this with 
such a platoon of authors. 

A few years ago we made a study at St. 
Joseph’s Mercy Hospital in Ann Arbor, 
Mich, of complete colonic sigmoid obstruc- 
tion due to diverticulitis. The diagnosis 
was made because there was by sigmoid- 
oscopy no evidence of mucosal lesion, and 
upon barium enema the silhouette sug- 
gested nothing but diverticulitis. 

But at operation, one out of ten had an 
unsuspected carcinoma. 

I think this is one more reason to 
support Dr. Lorimer’s remarks that delay 
should not be excessive in trying to resolve 
these problems. 

Dr. FREEARK: I think it is perhaps of 
some interest that the Cook County Hospi- 
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tal statistics Dr. Lorimer alluded to were 
presented to the membership of the Chi- 
cago Surgical Society and were perceived 
by them as unbelievably bad. Most felt 
that the problems were unique to a county 
hospital, that this kind of mortality was 
not seen in their institution, and that it 
was a reflection on the advanced disease 
and delayed treatment of an indigent pop- 
ulation. This was the principal reason that 
we went to two community hospitals, both 
with surgical staffs of great talent, and 
suggested that they look through their ma- 
terial and see if, indeed, the mortality and 
the course of the disease was that much 
different in the settings of the private sec- 
tion as opposed to the public. 

Simultaneously, Dr. Greenlee and his 
staff had been analyzing the VA popu- 
lation. I think the similarities bear out our 
original contention that it is a bad disease 
in any population. 

It is interesting to me that Dr. Lorimer 
reviewed ten years in assembling 200 
cases. It took five years to assemble 100 
cases in this most recent group from the 
Cook County Hospital. This suggests that 
the incidence of this disease, at least 
in the county hospital population, has not 
changed that much. Since carcinoma is the 
overwhelming cause, at least in that 
county hospital series, it suggests that the 
lesions are not being picked up that much 
more rapidly before the development of 
obstruction in the 25 years that have tran- 
spired in the course of these two studies. 

I agree very much with Dr. Campbell’s 
point. I think we have seen on a number of 
occasions the impression that a patient has 
obstruction due to diverticulitis. A diver- 


~ 


ting transverse colostomy is performed, 
and that original diagnosis of diverticulitis 
is not questioned. Often a particularly long 
interval between colostomy and definitive 
resection is planned. Then, three to six 
months after the proximal colostomy, 
when hopefully the diverticulitis has sub- 
sided, definitive operation is planned only - 
to reveal a carcinoma now considerably 
more advanced than might have been the 
case with earlier intervention. 

We do not feel that it is wise to try and 
determine the cause of the obstruction at 
the time of colostomy. We subscribe to the 
idea that a small incision, exposing the 
transverse colon, needle aspiration if the 
transverse colon is very greatly distended, 
followed by exteriorization without explo- 
ration is still the best approach to the ob- 
structed large bowel, but we do feel that 
in some cases, earlier intervention post- 
colostomy may be dictated by diagnostic 
concerns. 

RosBert C. HickEy, MD, Houston: This 
excellent article has been appreciated by 
all, but there is one point that I think we 
might enlarge“on. The dangers of cecal 
perforation with a total descending colonic 
obstruction and a competent ileocecal valve 
was not emphasized. This area is very 
liable to rupture. Of 43 patients studied 
with total occlusion, three perforated their 
cecum area and all died. 

Turning to Dr. Freeark’s remarks and 
discussion, if one analyzes and compares 
those patients who are obstructed by can- 
cer with their nonobstructed counterparts, 
there is really no difference with respect to 
the antecedent symptoms. This may be an 
explanation to your remarks. 
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IF YOU DON'T HELP STOP IT, WHO WILL? 


VD is on the rampage--again. In 1971, gonorrhea people’s groups and organizations. 

ranked first, syphilis third among reportable To help you, the American Medical Association 
communicable diseases. In 1972, it’s estimated has prepared educational materials you'll find 
there were 85,000 cases of syphilis and 2,500, invaluable. They include: Slide Presentation--70 


000 cases of gonorrhea. These are more than 
just cold statistics. They're people, especially 
young adults and teenagers. They need help. 
Others need to be warned. 

You or your medical society, as the medical 
experts, are in a unique position to help. Not just 


slides and card-text which describe VD; VD 
Booklet--comprehensive piece on VD; VD Post- 
ers; Newspaper Article and Radio Spots to alert 
the public to the VD problem and to publicize 
your presentation; List of Additional VD Re- 
source Materials; and Example of a State-Wide 


by counseling and treating patients, but by alert- 
ing your community to the symptoms and treat- 
ment of VD--and the consequences if untreated. 
And by making presentations in schools, to young 


VD Education Program. Plus Free Public Ser- 
vice TV Spot on VD.TV spots are available at 
no cost to your local TV station. Have your sta- 
tion write AMA Dept. of TV for free copies. 


-.T0 order, send in completed form below. -.--..-....__.______________________ a 


O Kit No. 1$17.00 OP-404 Please send me the indicated VD Education Kit. My check 
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Aortoenteric and 


Paraprosthetic-Enteric Fistulas 


Problems of Diggnosis and Management 


Joseph P. Elliett, Jr., MD; Roger F. Smith, MD; 


D. Emerick Szlagyi, MD, Detroit 


The clinical characteris-ics, surgical treat- 
ment, and therapeutic results were surveyed 
in 11 cases of aortoenteric and 8 cases of 
paraprosthetic-enteric fistulas observed in 
2,085 abdominal aortic reconstructive oper- 
ations. The clirical manifestations of these 
lesions were exsanguinating hemorrhage or 
medically uncortrollable retroperitoneal sep- 
sis. The diagmasis of aortoenteric or para- 
prosthetic-enterc fistulizetion must be as- 
sumed in every case of abdominal aortic 
reconstruction with late hemorrhagic or sep- 
tic complications. The: treatment is early and 
aggressive surgical interwention supported 
with appropriate antibiotic mecication. 
Some-operative 3 details appear use- 
ful in reducing tne probability of occurrence 
of these complications. 


istulous >... between 


the aera and small bowel 
(whether spertaneous or postopera- 
tive) and between the small bowel 
and an aortic prosthesis, although rel- 
atively rare, kave great clinical im- 
portance because of their grave prog- 
nosis resulting both from diagnostic 
diffeulties and from problems of 
management. Depending on the par- 
ticular anatomec circumstances, these 
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fistulas may manifest themselves 
clinically as hemorrhage or infection, 
or both. When the communication is 
between an untreated aortic lesion 
(almost always an aneurysm) and the 
small bowel, the resulting clinical pic- 
ture will always be that of hemor- 
rhage. Communication between the 
small bowel and part of an aortic 
prosthesis may lead either to infec- 
tion, with local or systemic manifes- 
tations, or to bleeding. A defect of the 
small-bowel wall, of whatever cause, 
adjacent to a synthetic graft leads to 
local sepsis of varying extent; if the 
septic process involves a suture line, 
hemorrhage will invariably follow. 
The fistulous complications of aortic 
reconstructive surgery that lead to 
gastrointestinal tract bleeding have 
been dealt with fairly extensively in 
the literature"; less attention has 
been paid to the purely infectious as- 
pect of these complications.'*"* 

In this survey we describe our diag- 
nostic and therapeutic experience, 
first, with 12 instances of fistulous le- 
sions that were observed in a series of 
2,085 reconstructive aortic operations 
and in two cases of spontaneous per- 
foration of abdominal aortic aneu- 
rysms, and second, with five cases 
that were referred to us for treat- 
ment after operations elsewhere. In 
accordance with the anatomical fea- 
tures mentioned above, we shall dis- 


tinguish between lesions that pene- 
trate the vascular component of the 
fistulous complex and those that ex- 
tend only to the outer conneetive tis- 
sue capsule of a prosthesis. The first 
type of lesion will be designated as 
aortoenteric and the second as para- 
prosthetic-enteric fistula. 


Clinical Data 


Table 1 summarizes the clinical features 


of the 19 cases surveyed. The postoperative - 


incidence of fistulization according to the 
type of previous aortic operation is given 
in Table 2. Because of the low incidence of 
these complications, comparative statisti- 
cal inferences are difficult to make, but the 
general trends would suggest that the inci- 
dence of fistula formation after resection 
of ruptured abdominal aortic aneurysms is 
significantly higher than the incidence af- 
ter other reconstructive aortic operations. 
Table 3 shows the incidence of twe clinical 
manifestations of fistula formation (hem- 
orrhage and sepsis) according to the cause 
of the anatomic defect. In the 11 cases of 
hemorrhage, six showed defects in the aor- 
tic suture line due to improper healing, two 
were due to spontaneous perforations of 
aneurysms, and two to defects in the 
duodenal wall (one caused by ischemic ne- 
crosis and the other by operative trauma); 
in one case, a degenerated allograft perfo- 
rated into the duodenum. In all eight cases 
of sepsis, the causative factor was a duode- 
nal defect, in five cases due to erosion, in 
two cases to ischemic necrosis, and in one 
case to operative trauma. 
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Findings 


Clinical Manifestations Diagnostic 
Difficulties.—The group of cases that 
came to clinical recognition in form of 
hemorrhage most commonly had both 
upper and lower alimentary tract 
bleeding (6 cases). More infrequently, 
the hemorrhage first appeared as he- 
matemesis (3 cases) or hematochezia 
(4 cases). The blood loss was sudden 
and massive in five cases, and mild or 
moderate and recurrent in six cases. 

The eight cases of sepsis had vari- 
able clinical courses. The presenting 
signs were chills and fever in four 
cases, lower limb abscesses in two 
cases, and groin abscess in two cases. 

The time interval between the op- 
erative procedure and the onset of 
clinical symptoms in the postopera- 
tive cases ranged widely (Table 4). In 
more than half of the cases, it was 
more than two years. The longest in- 
terval was observed in a case of per- 
foration of the duodenum by a de- 
generated atheroma of an aortic 
allograft nearly 14 years after the 
original operation. 

The diagnostic evaluation of the 
presenting symptoms was erroneous 
in a high percentage of cases. In the 
eight cases of sepsis, the first diag- 
nostic impression was incorrect sev- 
en times. The erroneous diagnoses 
included bacterial endocarditis (3 
cases), gout (1 case), infected soft-tis- 
sue hematoma (1 case), femoral arte- 
rial pseudoaneurysm (1 case), and in- 
fection of a groin wound (2 cases). In 
the 11 cases of hemorrhage, the diag- 
nostic success was only slightly bet- 
ter: the correct diagnosis at the first 
clinical assessment was made only 
three times. In the other cases, the 
first impression was duodenal ulcer (3 
cases), sigmoid diverticulitis (2 cases), 
ischemic colitis (2 cases), and bleeding 
colonic polyp (1 case). 

The commonly available objective 
diagnostic tools were not a great deal 
more helpful than the history and 
physical examination in arriving at 
the correct diagnosis (Table 5). These 
methods included the following: 
roentgenograms of the upper gas- 
trointestinal tract, complete survey 
of the alimentary tract with the use 
of barium, proctoscopy, aortography, 
and venous and arterial blood cul- 
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Original Time to Presenting Cause 
Case* Vascular Onset of Symptoms & of 
No. Operation? Symptoms Duration Fistula 
Spontaneous 
1 Ries +4 Gastrointestinal Perforation 
hemorrhage 4 days; of AAA 
fever 3 weeks 
2 2% sS Intermittent gastro- Perforation 
intestinal hemorrhage of AAA 
25 days; abdominal 
pain 6 mo 
Postoperative 
3 Resection & graft 15 mo Gastrointestinal Defect proxi! 
(allograft), hemorrhage aortic sutt 
large AAA 3 days line 
4 Resection & graft 21 days Gastrointestinal Duodenal inj 
(Teflon), hemorrhage 2 days; ischemic 
large AAA fever 5 days 
5 Aortofemoral bypass 39 mo Septic fever and Duodenal 
(Dacron) arthritis knee erosion 
Occlusion disease 6 mo 
6 Resection & graft 35 mo Gastrointestinal Defect proxir 
(Dacron), hemorrhage aortic sutt 
large AAA 1 day line 
75 Resection & graft 48 mo Septic fever Duodenal 
(Teflon), 2 mo erosion 
large AAA 
8 Resection & graft 12 mo Septic fever; Duodenal inj! 
(Dacron), metastatic abscess ischemic 
large symptomatic leg; septic 
AAA arthritis ankle; 
14 mo 
a 
9 Resection & graft 16 mo Gastrointestinal Defect proxir 
(Dacron), hemorrhage aortic sutt 
ruptured AAA » 2d 25 i 
<9 fi RE 
+3 i 





Duodenal 
erosion 


Septic fever; 
metastatic abscess 


Resection & graft 36 mo 
(Dacron), 


ruptured AAA 





3 mo M 
11* Resection & graft 69 mo Gastrointestinal ‘ Recurrent 
(Dacron), hemorrhage proximal A 
AAA 2 days; abdominal defect aor 
pain 3 mo | suture line 
i2* Aortofemoral bypass 1 mo Bilateral groin Duodenal inji 
(Dacron) wound sepsis ischemic 
for aortoiliac 24 mo 
occlusion disease 
13 Resection & graft 84 mo Gastrointestinal Defect proxin 
(Dacron), hemorrhage aortic sutu 
AAA 1 day line 
14 Aortofemoral bypass 35 mo Groin wound sepsis Duodenal 
(Dacron) 15 mo erosion 


for aortoiliac 
occlusion disease 
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e 1.—Clinical Features of 19 Cases Surveyed 
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Methad of Sit2 of Fistula Source of 
Confirming Culture & Type of 
Diagnosis Enteric ‘Vascular Organism Treatment Result 
opsy Distal AAA None Exploratory laparotomy, Died 4th postoperative day; 
ducdenal vagotomy, and pyloroplasty massive gastrointestinal 
hemorrhage 
iarctomy Cistal AAA Aneurysm wall; Resection and graft Initial recovery; died 5 mo 
duadenal Klebsiella pneumoniae of AAA; duodenorrhaphy; postoperative; rupture of 
local & systemic proximal aortic anastomosis 
antibiotic; omentum 
interposition 
iarotomy Distal Proximal aortic None Suture repair aortic defect; Died 4th postoperative day; 
duodenal anastomosis duodenorrhaphy; ruptured aortic repair 
systemic antibiotic 
arotomy stal Proximal aortic None Suture repair aortic defect; Died 6 hr postoperative; 
duodenal anastomosis duodenorrhaphy ruptured aortic repair 
iarotomy Destal Shaft of Prosthesis; Excision thrombosed Initial recovery; died 6 mo 
duodenal prosthesis Escherichia aortofemoral bypass; postoperative; ruptured 
coli, Pseudomonas, duodenorrhaphy; local aortic stump closure 
nonhemolytic & systemic antibiotic; 
streptococci omentum interposition 
opsy D'stal Proximal aortic None None Died; massive gastrointestinal 
duodenal anastomosis hemorrhage 
iy study, Dstal Shaft of Prosthesis Segmental resection duodenum; Recovered 
ler gastre- duodenal prosthesis Escherichia coli local & systemic antibiotic; 
ntestinal omentum interposition 
mall bewe! 
itive Dista! Shaft cf Femoral artery, Incision and debridement Died 23 mo from onset of 
emora! artery duodenal prosthesis cephalic venous, & leg abscess; systemic symptoms: Gram-negative 
‘ulture metastatic abscess: antibiotic sepsis 
Escherichia coli, 
nonhemolytic 
streptococci, 
Proteus mirabilis 
larotomy Proximal Proximal aortic None Aortofemoral replacement of Recovered 
jejunum anastomosis aortoiliac prosthesis; 
enterorrhaphy; 
systemic antibiotic; 
omentum interposition 
iarotomy Dstal Shaft of Prosthesis & metastatic Aortofemoral replacement of Recovered 
duocenal prosthesis abscess; aortoiliac prosthesis; 
Escherichia coli duodenorrhaphy; 
systemic antibiotic; 
omentum interposition 
iarotomy Dstal Proximal aortic None Resection proximal AAA; Died 3rd postoperative day; 
duocenal anastomosis aortofemoral replacement mesenteric thrombosis 
of aortoiliac prosthesis; 
duodenorrhaphy 
iarotomy Distal Right & left Prosthesis; Resection thrombosed Recovered; died 5 wk 
ileum limb of Escherichia coli aortofemoral prosthesis; postoperative; mesenteric 
prosthesis segmental resection thrombosis 
ileum; systemic antibiotic; 
bilateral groin drainage 
opsy Distal Proximal aortic None None Died; massive gastrointestinal 
duodenal anastomosis hemorrhage 
arotomy Distal Shaft of Prosthesis; Excision thrombosed Died 8th postoperative day; 
duodenal prosthesis groin wound: aortofemoral prosthesis; ruptured aortic repair 
Enterobacter, fascia lata repair 
Escherichia coli, aortotomy; vein patch 
Aerobacter, femoral artery; 
a-streptococci, duodenorrhaphy; 
Lactobacillus local & systemic 


antibiotic; omentum 
interposition 
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tures. In only one case, that of sepsis, 
did roentgenographic study of the up- 
per gastrointestinal tract yield a de- 
finitive diagnosis. Femoral arterial 
blood cultures had an identical diag- 
nostic success rate. Altogether in only 
two cases was a firm diagnosis estab- 
lished before operation. In 13 cases 
the diagnosis was made at explora- 
tion and in four cases at autopsy. In 
the cases in which the diagnosis was 
not made before death, the clinician’s 
inability to assess the case correctly 
was due to varied factors which are il- 
lustrated by the following brief case 
summaries. 


Report of Cases 


CASE 1.—A 59-year-old salesman (case 1, 
Table 1) was admitted Dec 6, 1967, with 
chills, fever, and hematochezia of 36-hours 
duration. The initial impressions were fe- 
ver of undetermined origin and occult gas- 
trointestinal tract neoplasm. A complete 
roentgenologic survey of the gastrointesti- 
nal tract was noncontributory. 

Treatment was limited to blood transfu- 
sions, and the fever and bleeding gradually 
stopped. Since the blood hemoglobin there- 
after remained stable and no specific cause 
of the gastrointestinal tract bleeding could 
be determined, the patient was discharged 
Dec 26. 

He was readmitted Dec 30 with fever (40 
C [104 F]), hematemesis, hematochezia, 
and blood hemoglobin of 9.3 gm/100 ml. A 
selective visceral arteriogram failed to dis- 
close the source of the gastrointestinal 
tract bleeding or the presence of an ab- 
dominal aortic aneurysm, although there 
was mild dilatation of the abdominal aorta 
noted throughout its length. On Jan 1, 
1968, surgical exploration revealed only 
mild gastritis. A subdiaphragmatic vagot- 
omy with pyloroplasty was carried out. De- 
spite vigorous blood replacement for upper 
gastrointestinal tract bleeding and treat- 
ment for Gram-negative sepsis, the pa- 
tient continued on a downhill course and 
died on Jan 10. 

At postmortem examination, rupture of 


- a small arteriosclerotic abdominal aortic 


aneurysm into the fourth part of the 
duodenum was demonstrated as the pri- 
mary cause of death. 

Comment.—The surgeon was not 
aware of the possibility of fistuliza- 
tion of an aneurysmal abdominal 
aorta with the alimentary tract. 
Without this knowledge he saw no 
reason to investigate the critical 
areas of contact between the abdomi- 
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" z ad ae Ra 
Original Time to Presenting Cause 
Case* Vascular Onset of Symptoms & of 
No. Operationt Symptoms Duration Fistula 
15* Resection & graft 8 mo Septic fever Duodenal 
(Dacron), 4 mo injury; 
AAA operative 
16 Resection & graft 13 yr Gastrointestinal Ulcerated 
(allograft), 8 mo hemorrhage atheroma in 
large AAA 3 days degeneratec 
allograft 
17 Resection & graft 2 days Gastrointestinal Duodenal injui 
(Dacron), hemorrhage operative 
ruptured AAA 10 days 
18 Resection & graft 9 yr Gastrointestinal Recurrent 
(Dacron), hemorrhage 2 days; proximal AA 
large AAA abdominal pain defect aorti 
3 wk suture line 
19* Resection & graft 19 mo Septic fever Duodenal 
(Dacron), 7 mo erosion 
AAA 


* Referred cases. 


nal aorta and the upper part of the 
small bowel. Careful dissection of 
the duodenum and proximal jejunum 
could have yielded the correct diag- 
nosis. 

CASE 2.—A 50-year-old salesman (case 
13, Table 1) had an abdominal aortic aneu- 
rysmectomy March 11, 1961. During the 
procedure a good deal of retroperitoneal 
induration and edema were noted. The 
aneurysmal sac was removed in toto and 
replaced with an aortal bilateral common 
iliac Helanea Dacron prosthesis. The post- 
operative course was unremarkable. 

In February 1963, after transient cere- 
bral ischemic attacks associated with dif- 
fuse bilateral intracranial arterial occlu- 
sive disease, long-term anticoagulation 
therapy was started. 

On June 12, 1968, the patient passed a 
dark red stool. The following day he was 
taken, unconscious, to a hospital, and fresh 
blood was found in the rectum and stom- 
ach. In spite of massive transfusions, he 
died. At autopsy, a 3.4-cm ulcer was found 
at the junction of the duodenum and jeju- 
num, with its base lying against the proxi- 
mal portion of the right limb of the graft 





t AAA, abdominal aortic aneurysm. 


Table 2.—Postoperative Incidence 
of Abdominal Aortic 
Reconstructive Operations* 


Fistulas 


Type of Aortic No. of 


Operation 
Endarterectomy 
Aortofemoral bypass 827 
Resection 

unruptured aneurysm 925 
Resection 
ruptured aneurysm 171 


Total 2,085 


* 2,085 cases, Henry Ford Hospital 1952- 
1973. 
t Referred cases not included. 


eat 
Cases No. % 


with a perforation into the proximal aortic 
suture line. 

Comment.—Without the realization 
that such a hemorrhage in the pres- 
ence of an aortic prosthesis had to be 
assumed to be a fistulous communica- 
tion between the small bowel and the 
vascular implant, the attending sur- 
geon treated the problem as a routine 
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Site of Fistula 
Confirming 
Diagnosis Enteric Vascular 
arotomy Cistal Shaft of 
duodenal prosthesis 
opsy Dstal Shaft of 
duodenal aortic 
allograft 
arotomy Distal Aortopara- 
duodenal prosthesis 
hematoma 
varotomy Distal Proximal aortic 
duodenal anastomosis 
sarotomy Distal Right limb 
duodenal prosthesis 


Table 3.—Cause of Fistulization 


Presenting Symptom 


Hemor- 
rhage Sepsis Total 
Aortic suture 
line defect 
Enteric erosior 
by prosthess 
Duodenal injury: 
ischemic 
Duodenal injury: 
operative 
trauma 
Perforation 
of AAA* 
Degenerationc@ 
allograft 





* AAA signifies abdominal aortic aneu- 
rysm. 


upper gastrointestinal tract bleeding. 

Casz 3.-A 65-year-old, otherwise 
healthy man ‘case 16, Table 1) had an 
abdominal aorticaneurysmectomy with al- 
lograft replacement on Sept 22, 1955. Dur- 
ing the subsequent 14 yeers he remained 
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Cephalic venous; 


Prosthesis; 


Femoral artery, 


Source of 
Culture & Type of 
Organism Treatment 


lst operation: 


Escherichia coli interposition 
a-streptococcus; 
Candida albicans 


lst operation: 
cephalic venous & 
prosthesis: 

Bacillus flagilis; 
Streptococcus fecalis; 
Bacteroides; 

Candida 

parapsilosis; 

Klebsiella pneumoniae; 
Enterobacter cloacae 


Dacron bypass 
2nd operation: 


local & systemic 
antibiotic 


Attempted aortofemoral 
replacement of aortoiliac 
prosthesis; duodenorrhaphy 
systemic antibiotic 


Result 
Recovered 


Died: massive gastrointestinal 
hemorrhage 


Died 6th postoperative day; 
peritonitis 


prosthesis: segmental aortic graft 
Escherichia coli, replacement; 
Streptococcus duodenorrhaphy; 
viridans, systemic antibiotic 
nonhemolytic 2nd operation: 
streptococci bilateral axillofemoral 
Dacron bypass 
3rd operation: 
excision aortoiliac 
prosthesis, systemic 
antibiotic 
None None 
Prosthesis; Duodenorrhaphy; 
Streptococcus local & systemic 
fecalis; antibiotic; omentum 


Died during operation 


Recovered 


bilateral axillofemoral 


excision aortoiliac pros- 
theses, duodenorrhaphy; 


Table 4.—Length of Interval to Clinical Manifestation in 
17 Postoperative Fistulas 


Interval, Gastrointestinal 
yr Hemorrhage 


<0.1 2 
<2 2 
<6 2 
>10 3 
Totals 9 


normotensive, and the state of the graft 
was observed by means of eight trans- 
lumbar aortograms that showed only triv- 
ial, nonprogressive atheromatous internal 
changes. At that time an x-ray study with 
barium enema showed marked diverticu- 
losis of the descending and sigmoid colon. 

His final admission was on May 4, 1970, 
for a complaint of having passed two stools 
containing a small to moderate amount of 
both bright-red and dark blood. A recent x- 
ray study with barium enema had demon- 
strated widespread diverticulosis. The 
diagnostic impression was bleeding diver- 
ticulosis. There was gradual diminution of 
the rectal bleeding for 72 hours, followed 


Systemic 
Sepsis 


Presenting Symptom 


Local Groin 
Sepsis 





by a sudden massive fatal episode of he- 
matemesis. At autopsy a fistula was found 
extending from an ulcerated 2-cm athero- 
matous plaque in the anterior wall of the 
graft, 2.5 cm distal to the proximal suture 
line into the distal duodenum. 
Comment.—The circumstances that 
led to the oversight of the correct 
diagnosis were the long postoperative 
interval and the recent essentially 
normal aortogram. All similar compli- 
cations in our experience had oc- 
curred during the first four post- 
operative years. The fact was 
insufficiently appreciated that local- 
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ized atheromatous ulcerations may be 
unrecognizable in a single-view angi- 
ogram. 

The more common problems of the 
differential diagnosis of cases with 
manifestations of sepsis are repre- 
sented by the following resumes of 
clinical cases: 

Case 4.—On Nov 25, 1959, a 54-year-old 
contractor (case 7, Table 1) had a resection 
and replacement of a large abdominal aor- 
tic aneurysm by means of aortoiliac pros- 
thesis of Teflon. He did well until May 
1963, when he had fever and pyuria, which 
responded to treatment. However, in Octo- 
ber 1963, his symptoms recurred and he 
was transferred to the Henry Ford Hospi- 
tal for the treatment of persistent chill, fe- 
ver, and night sweats. 

Diagnostic impressions at that time in- 
cluded tuberculosis, liver abscess, lym- 
phoma, pancreatitis, and bacterial endo- 
carditis. A series of roentgenograms of the 
gastrointestinal tract demonstrated a 
sinus tract from the fourth portion of the 
duodenum to the paraprosthetic area of 
the shaft of the aortoiliac graft (Fig 1). 

On Jan 16, 1964, the duodenojejunal junc- 
ture including the paraprosthetic fistulous 
tract was resected and repaired by an end- 
to-end anastomosis. The paraprosthetic 
abscess was drained and the Teflon aorto- 
iliac graft covered by a viable pedicle of 
omentum. A small polyethylene catheter 
was used to irrigate the retroperitoneal 
space with a solution of neomycin sulfate 
and polymyxin B sulfate. 

After a somewhat stormy and prolonged 
postoperative convalescence, the patient 
was discharged on Jan 2, 1964. He re- 
mained well and afebrile until Jan 11, 1966, 
when he was admitted to a local hospital 
for rectal bleeding. His course was rapidly 
downhill and he died. 

At the time of autopsy, the retroperito- 
neal space was found to be clean and well 
healed. A strangulated volvulus of the 
ileocecum was determined to be the cause 
of death. 

Comment.—Although the cause of 
this patient’s symptoms and fever 
were originally obscure, the diagnosis 
became clarified when the series of 
roentgenograms of the gastrointesti- 
nal tract and small bowel disclosed 
the presence of an enteroprosthetic 
fistula. This is not a common occur- 
rence, and normal findings from an x- 
ray study of the upper gastrointesti- 
nal tract do not exclude the presence 
of enteric fistulization. 

CASE 5.—A 53-year-old plumber (case 10, 
Table 1) was admitted through the emer- 
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Table 5.—Diagnostic Methods in 
Confirming Presence of 
Aortoenteric Fistulas 







Presenting Symptom 
Method oe 


of Final 
Diagnosis* 

X-ray films 

of gastro- 

intestinal 

tract 0 1 1 
Femoral 

artery 

positive 

culture 0 1 1 
Operative 

exploration 7 6 13 
Autopsy 4 0 4 
Totals 19 





Hemor- 
rhage Sepsis Total (%) 












(68) 
(21) 













* Angiography was performed 14 times 
but was not diagnostic. 


Se 





Fig 1.—Upper gastrointestinal tract roent- 


genogram showing barium escaping 
through paraprosthetic-enteric fistula (large 
arrow) to outline right limb of aorto-iliac 
Teflon graft (small arrows). 


gency room on May 1, 1963, with ruptured 
abdominal aortic aneurysm, which was re- 
placed with an aorto-left-common iliac ar- 
tery and right external iliac artery Dacron 
graft. Postoperatively a spiking fever was 
attributed to urinary tract infection. He 
was treated with appropriate antibiotics 
and was discharged on the 25th postopera- 
tive day. 

On March 21, 1966, the patient noticed 
vague pain in the left thigh and was ad- 
mitted to a hospital in another city. He de- 
veloped fever, was treated with antibiotics, 
and was eventually transferred to the 
Henry Ford Hospital (April 8). Drainage 
of an abscess in the posterior aspect of the 
left thigh was followed by a complicated 
and prolonged course of sepsis, which, 
however, was ultimately controlled. 


Two months later, on June 6, he was 
again admitted through the emergency 
room with pain in the right groin, thigh, 
calf, and foot associated with shaking 
chills and cellulitis of the tip of the right 
great toe. 

On July 7, the aortic prosthesis was ex- 
plored and was found to be surrounded by 
a purulent exudate. The paraprosthetic 
space was in communication with the 
duodenal lumen through a 2-cm defect in 
the bowel wall. The duodenum was closed 
and drained, the aortoiliac graft was re- 
placed by an aortofemoral Dacron bypass, 
a viable omentum pedicle was wrapped 
around the graft, and the retroperitoneal 
area was irrigated with tetracycline hydro- 
chloride (Achromycin). The patient made a 
satisfactory recovery. 

He did well until Jan 18, 1972, when he 
died of a myocardial infarction. A post- 
mortem examination of the graft showed 
no evidence of recurrent infection in the 
retroperitoneal area. 

Comment.—The presence of septi- 
cemia, especially with abscesses or 
septic arthritis distal to the arterial 
supply of a graft, should raise great 
suspicion of aortoenteric fistulas. Un- 
less an obvious source of infection is 
found, the graft should be explored 
completely, separating it from the 
gastrointestinal tract. 


Treatment and Results 


Surgical correction of the fistulas 
followed a varied pattern of technical 
methods, largely determined by the 
anatomical features of the process of 
fistulization. As briefly mentioned, 
several varieties of fistula formation 
were recognized (Table 6). The most 
common variety consisted of a com- 
munication between the small bowel 
and the outer capsule of the pros- 
thetic graft, usually along the main 
stem or shaft of the prosthesis but at 
times affecting only its limbs. The 
second most common type of lesion 
was represented by communication 
between the duodenum and the vas- 
cular component through a defective 
suture line. In one isolated case the 
communication was a spontaneous 
one between a ruptured aneurysm 
and the duodenum. Each complex of 
pathologic findings made unique de- 
mands on the surgeon. The diverse 
technical modalities used to cope with 
the problems so created are listed in 
Table 7, and the rationale behind 
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ther use will be described presently. 
The immediate operative mortality 
was 42.8% witha tozal operative mor- 
talicy (immediate and late deaths 
combined) 57.2%. 


‘General Comment 


Pathogenesis of Fistulization.—As al- 
ready mentioned, not only the clinical 
manifestations but also the method of 
surgical correction and, ultimately, 
the degree of success of treatment of 
aortoenteric fistula2 are intimately 
relaced to the anatomic features of 
their develepment. 

Tae mest straightforward process 
of pathogenetic meehanism is repre- 
sented by the rupture of an aneurysm 
into the small bowa (almost always 
into the duodenum). Because of the 
intimate topographic relaticnship of 
the duodenum and tie common infra- 
renal abdominal aorzic aneurysm, one 
wonders in fact why this complication 
is seen so seldom. It is an everyday 
experience in surgieal operations of 
expanding aneurysm to find the 
duecGenum tautiy stretched over the 
upper right lateral aspect of the 
aneurysmal sac. Quize frequently the 
posterior and medial aspects of the 
thirc portion of the duodenum are 
rather densely adherent te the aneu- 
rysmal sac. In addition to creating a 
favorable eircumstance for the perfo- 
ration of thin-walled aneurysm into 
the duodenum at the point of contact, 
this anatemic feature also creates 
probems in the freeing of the duode- 
num.and plays a role in the improper 
pesteperative healing that may lead 
to duodenal perforation. 

A vrare variety of perforation of 
an aneurysm into the duodenum oc- 
curred in eur series when an aortic 
allograft 14 years after insertion 
devebped an atheromatous ulcera- 
tien >pposite the adjacent posterior 
duodenal wall, with ultimate perfora- 
tion mto the bowel lumen.” 

By far the commonest cause of 
aortoparaprosthetic fistulization is 
perforation of the duodenal wall. 
Gross laceration of tre duodenal wall 
during operative dissection is a very 
rare event, but lesser degrees of trau- 
matic damage are not uncommon dur- 
ing strenuous attemots to free the 
posterior duodenal wall from an ad- 
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Both limbs of 
prosthesis 


(Sepsis) 


Totals 





Table 6.—Results of Treatment in 14 Patients According to Type 
of Fistula, Clinical Manifestation, and Site of Vascular Defect 


Type of Fistula* Site of Vascular 
(Symptom) Defect 
Aortoenteric Perforation of AAAT 
(Gastrointestinal Aortic suture line 
hemorrhage) 


Paraprosthetic-enteric Shaft of prosthesis, 





Result 


Mortality 
No. of 
Cases Operative Later Recovery 
1 0 1 o 
5 4 0 1 
7 2 1 4 
, OR e. 0 1 


14 6(42.8%) 24(14.4%) 6(42.8%) 


* The fistulous communication was with the distal duodenum in 12 cases, proximal 
jejunum 1 case, and ileum 1 case. 

t AAA signifies abdominal aortic aneurysm. 

¢ Two patients died five months and six months postoperatively, respectively, of mas- 
sive hemorrhage due to failure of the aortic repair. 


























Method of Repair* Cases 

Aortofemoral replacement of 

aortoiliac prosthesis 5 
Axillofemoral bypass, 

staged excision A-I prosthesis 2 
Omental cover of prosthesis, 

antibiotic irrigation 2 
Suture repair of proximal 

aortic anastomosis 2 
Excision of thrombosed 

aortofemoral bypass 2 
Excision of A-F bypass, 

autogenic patch grafts 1 
Totals 


* A-|, aortoiliac; A-F, aortofemoral. 
t Bilateral above knee amputations. 


Table 7.—Results of Vascular Repair in 14 Cases 


Result 
Mortality 





Operative Late Recovered 
2 1 2 
0 0 2 
1 0 1 
2 0 0 
0 1t 1 
1 0 0 


6(42.8%) 2+(14.3%) 6(42.8%) 





¢ Two patients died five months and six months postoperatively, respectively, of mas- 
sive hemorrhage due to failure of the aortic repair. 


herent aneurysmal sac. Without im- 
pairing the blood supply signifi- 
cantly, this type of dissection may 
attenuate the walls sufficiently to 
lead to subsequent perforation. The 
most frequent factor in the patho- 
logic chain of events leading to the 
duodenal perforation is, however, im- 
pairment of the blood supply to a rel- 
atively circumscribed and small area 
on the posterior duodenal wall. This 
may be due to overzealous dissection 
but more frequently is due to the ne- 
cessity of freeing the duodenum from 
a large aneurysmal sac. Finally, ex- 
tensive direct contact of the retro- 
peritoneal surface of the duodenum 
with the prosthetic graft even in the 
absence of mechanical injury may 
lead to erosion of the duodenal wall 
and disruption. The same event will 


take place also when the contact 
without interposed tissue is between 
a segment of small bowel other than 
the duodenum and the prosthesis. 

Whatever the cause of the defect in 
the duodenal wall, the first conse- 
quence is the outpouring of duodenal 
contents and the appearance of a lo- 
cal infectious process around the ad- 
jacent synthetic graft. The infection 
may remain localized or it may ex- 
tend to various parts of the prosthetic 
implant. In either case, systemic 
manifestations usually ensue. 

The most commonly seen clinical 
picture is that of a retroperitoneal 
abscess with or without septicemia. 
When septicemia occurs, it may be 
due to the absorption or penetration 
of the bacteria through the lymphatic 
and venous systems or, more infre- 
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Fig 2.—Artist’s illustration of method used in the surgical management of case 4 (case 7, 


Table 1). Because paraprosthetic-enteric fistula was localized and did not involve the arte- 
rial suture line and the infectious process was of low grade, it was possible to preserve 
prosthesis by placing around it a pedicle of viable omentum (cross sectional sketch) after 
resection and closure of duodenal defect. Retroperitoneal space was irrigated continuously 


with antibiotic solution. 


quently, to the ingress of the bacte- 
rial growth to the internal lining of 
the graft. In the last-named instance, 
the manifestations of the septicemia 
are particularly severe, and there 
may be metastatic foci in the arterial 
tree distal to the level of the syn- 
thetic graft. The presence of this type 
_of metastatic manifestation of the in- 
fection in the lining of the prosthesis 
-may serve as a diagnostic clue. 

_ Should the infectious process estab- 
_ lished along portions of the synthetic 
~ implant reach a suture line, an in- 
evitable hemorrhage will occur. The 
hemorrhage may be a retroperitoneal 


4 one but most commonly it is directly 


into the duodenum or other adherent 
parts of the small bowel through the 
communication established between 
the lumen of the gut and the para- 
prosthetic abscess overlying the su- 
ture line. | 

The Problem of Diagnosis.—The 
pathologic events readily explain the 
clinical manifestations and their fre- 
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quent latent interval. As regards la- 
tency, reflection can readily show 
that the development of a fistulous 
communication in the absence of 
gross trauma to the duodenal wall 
will require a relatively long period. 
Consideration of the process of patho- 
genesis also clarifies the reason for 
the diagnostic difficulties when the 
etiology of the clinical manifestations 
is unsuspected. The manifestations of 
retroperitoneal sepsis and gastroin- 
testinal bleeding may occur in a large 
variety of clinical situations of widely 
different etiology. Obviously, if the 
clinician is not aware of the possi- 
bility of the coexistence of these 
symptom complexes with certain heal- 
ing complications of aortic pros- 
theses, his differential diagnosis will 
not include one of the most impor- 
tant, though rare, etiologic factors. 
Once the association of infection or 
hemorrhage with an abdominal aortic 
prosthesis is given due consideration, 
the diagnostic difficulties are greatly 








lessened since now the prosthetic im- — 
plant becomes a primary suspect. The 
diagnostic studies thereafter will aim 
at two goals: (1) to eliminate causes 
of retroperitoneal sepsis and gas- 


_ trointestinal hemorrhage other than 


an improperly healed aortic pros- 
thesis and (2) to relate the hemor- 
rhage or sepsis to the presence of the 
prosthesis. . 

As regards hemorrhage, usually 
there is little or no time for an exten- 
sive search in the attempt to establish 
a precise differential diagnosis. When 
the hemorrhage is massive, immedi- 
ate exploration of the prosthesis is 
mandatory. If the bleeding is of small 
amount and of recurrent type, roent- 
genographic studies of the alimen- 
tary tract and angiography of the ab- 
dominal aorta may be permissible but 
will seldom be useful. The duodenal 
defect is singularly difficult to show 
by x-ray studies with barium," =° and 
since during quiescence the communi- 
cation with the vascular wall is tem- 
porarily obliterated by clots, angiog- 
raphy is noncontributory during the 
period between hemorrhages. 

In sepsis, on the contrary, a number 
of useful methods may be at the dis- 
posal of the clinician to pinpoint his 
diagnosis. The most useful of these 
methods are those aimed at the elim- 
ination of the presence of specific 
infections that may mimic retroperi- 
toneal sepsis. When the tests for spe- 
cific infections fail to demonstrate 
the presence of any other infection 
than the one suspected in the retroper- 
itoneum, the negative evidence is a 
strong indication for exploration of 
the prosthesis. This indication can be 
further strengthened by x-ray studies 
of the gastrointestinal tract with bar- 
ium, which at times will show the 
communication between the duodenal 
lumen and the paraprosthetic abscess 
cavity. Aortography may at times 
disclose incomplete or poor incorpora- 
tion of the portion of the graft that is 
surrounded by the infectious process. 
It must be stressed, however, that in 
the absence of other evidence of an 
infection remote from the retroperi- 
toneum, even if the findings from 
roentgenographic studies are normal, 
exploration is mandatory. 

In relatively uncommon instances 
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Fig 3.—Arist's sketch of first step in method of posterior peritoneal closure that assures 
interposition of protective layer of tissue between prosthesis and duodenum. Edge of left 
mesocolon i sutured tc retroperitoneal connective tissue. 


where the pseudointima of the pros- 
thesis has »ecome involved, the infec- 
tion is near-y always manifested by 
distal metastatie abscesses, and posi- 
tive blood caltures can often be ob- 
tained from any convenient artery 
downstream from the prosthesis. A 
positive blecd culture from the fem- 
oral arteria. bieod and a negative 
blood culture frem a vein in the upper 
extremity provide a highly accurate 
loealizatiom cf the source of the septi- 
cemia within the graft. 

Cheice of Surgical Treatment.—As a 
glance at Table 7 will show, the meth- 
ods of surzxcal repzir used in the 
cases surveved had a distinct charac- 
ter of impzovisation. Indeed, in our 
early experience when these compli- 
catiens first came to the clinical 
horizon, the »sroblems of surgical re- 
pair had to be met by newly devised 
modalities since no established prin- 
ciples of approach or details of surgi- 
cal technique were at hand. As expe- 
rienee accumulated cver the years, 
the validity ef certain principles of 
managemert and th2 relative effi- 
cacy af technical procedures became 
recognized. At the present time the 
surgical trestment of these lesions is 
undertaken on grounds of well-tested 
concepts, alhough tke selection of 


Arch Surg/Vel 108, April 1974 


technical details in each case must 
still be individualized. 

The philosophy of surgical treat- 
ment is significantly different in the 
management of the graft complica- 
tion that is manifest by hemorrhage 
and in that of a graft complication 
that has led to sepsis. 

In case of hemorrhage, the infec- 
tious element is usually negligible or 
even absent. In such situation, after 
appropriate control of the inflow and 
outflow of the vascular component of 
the fistula, the fistulous communica- 
tion is dissected free and the defect in 
the bowel repaired. The vascular su- 
ture line is reinforced and a viable 
omentum flap is placed around the ad- 
jacent portion of the graft. In the 
rare instances in which the infectious 
process appears virulent on the other 
hand, the problem becomes one dis- 
cussed below under C. 

In cases of prosthetic healing com- 
plications that have caused sepsis, the 
surgeon must approach the problem 
of treatment with the assumption 
that the salvage of the prosthesis of- 
fers the obvious theoretical advan- 
tage of an operative intervention of 
considerably lesser proportions and, 
therefore, a lesser risk. Our experi- 
ence has demonstrated that there are 


. 
44 
í 4 
‘ / 
nd =; 
F 
PATIN 


tit : 
ETEN 4 


wee Ss 





Fig 4.—Free edge of peritoneum covering 
duodenum is imbricated over previously 
placed suture line. 


occasional instances in which this 
theoretical advantage can be realized. 
It is, therefore, proper in the process 
of selecting the method of surgical 
treatment to give thought to the ap- 
plicability of an operative procedure 
that may spare the prosthesis. 

The weighing of this possibility is a 
particularly difficult task beeause the 
decision must preferably be made be- 
fore exploration. In most cases, the 
removal of the graft is not tolerated 
without a functioning remote bypass, 
and, when a remote bypass is needed, 
it must be inserted at an operative 
session preceeding the removal of the 
prosthesis, since simultaneous explo- 
ration of the prosthesis and the cre- 
ation of a remote bypass carries a 
high risk of contamination of the cor- 
rective operative procedure. If the ex- 
ploration yields findings that demand 
excision of the infected graft and a 
remote bypass is necessary, the latter 
should be done at a later operative 
session. This multiplication of oper- 
ative risks ought by all means be 
avoided. 

To lessen the decision-making dif- 
ficulties, it is useful to categorize the 
operative findings according to the 
predictable urgency of the need for 
removal of the prosthesis: 
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(a) The prosthesis must be removed 
after the construction of a remote by- 
pass. This necessity is clearly present 
when the intimal surface of the im- 
plant has become involved in the in- 
fectious process. 

(b) The prosthesis must be removed 
but a remote bypass is not necessary. 
This combination of circumstances 
arises when the infected prosthesis 
has become thrombosed and the ex- 
tremities remain functional and vi- 
able. 

(c) The prosthesis may have to be 
removed and if so the construction of a 
remote bypass is not necessary. This 
situation exists when the prosthesis 
has been implanted for incomplete oc- 
clusive disease. The loss of the bypass 
would restore the blood supply to the 
limbs to its preoperative state. 

(d) The prosthesis may have to be 
removed and if so remote bypass will 
be necessary. In these cases the deci- 
sion depends on the extent and de- 
gree of infectious involvement of the 
prosthesis. If the infection is of low 
grade and suture lines are not threat- 
ened, the graft may be salvaged. Un- 
fortunately and obviously, the extent 
of the infection is difficult or impos- 
sible to define without operative ex- 
ploration. 

The technical procedures that we 
apply under the circumstances enu- 
merated above can be summarized as 
follows: 

(aa) Assuming that there are no 
infected anastomoses in the groin, bi- 
lateral axillofemoral Dacron bypasses 
are constructed. Five to ten days 
later the prosthesis is excised. 

(bb) The prosthesis is excised and 
the site of the previous anastomoses 
is closed with appropriate tech- 
niques (usually with the help of au- 
togenous vein patches). 

(ec) In these cases, the prosthesis is 
explored. If the infection is found to 
be a virulent one with purulent exu- 
date, the procedure noted in bb is car- 
ried out. If the infection is of low 
grade and does not involve a suture 
line, an attempt to save the pros- 
thesis may be justified. The infected 
area is debrided, the prosthesis is cov- 
ered with a pedicled omental graft, 
and retroperitoneal catheters are 
placed for irrigating the area with an 


488 Arch Surg/Vol 108, April 1974 





appropriate antibiotic solution (Fig 
2). 

(dd) The decision regarding the 
proper choice of procedure is a very 
difficult one. In general, when the 
clinical course is stormy and the 
response to preoperative antibiotic 
therapy is unsatisfactory, the in- 
fection is presumably a virulent one 
and the course described under aa is 
taken. If exploration is chosen, the 
conservative steps described under cc 
are carried out. At the earliest sign 
of failure of the conservative man- 
agement, remote bypasses are con- 
structed and the graft is excised. 

Two general remarks are in order 
regarding these surgical therapeutic 
recommendations. First, one must 
bear in mind that the modes of action 
recommended are based on what ap- 
pear to be sound general principles 
and on impressions of past experi- 
ence; they are not statistically sup- 
ported conclusions. When in doubt, 
one must choose the safest way, 
which is the removal of the pros- 
thesis.” Second, one must stress that, 
while supportive antibiotic therapy of 
the appropriate kind is an indispen- 
sable part of the management, anti- 
biotic medication as the sole thera- 
peutic agent has been uniformly 
unsuccessful and should not be used. 

Prevention.—From a consideration 
of the events leading to the forma- 
tion of a paraprosthetic-enteric fis- 
tula, it seems evident that certain 
technical precautions in the perform- 
ance of reconstructive arterial oper- 
ations utilizing synthetic prostheses 
should have genuine prophylactic 
value. 

Though obvious, the importance of 
gentleness in dissection when freeing 
the duodenum must be stressed. In 
case of dense adherence between the 
duodenum and the aneurysmal sac, 
the freeing of the duodenum must be 
omitted and a part of the aneurysmal! 
sac left on the duodenal wall. The 
state of vascularity of the duodenum 
should be watched with great care be- 
fore closure. 

Since the direct contact between 
the duodenum and the prosthetic im- 
plant appears to promote erosion of 
the duodenal wall even in the absence 
of detectable impairment of circula- 


tion, a serious effort must be made to 
interpose live, well-vascularized tis- 
sue between the duodenum and the 
graft. Fig 3 and 4 illustrate the 
simple steps of such a technical ma- 
neuver. 


This study was supported by a grant from the 
Michigan Heart Association. 
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EuGene A. Ostus, MD, Detroit: I wish I 
had heard this paper about 20 years ago. 

We have one incid2nt to report to you. 
We were asked to see a patient in May 
1955 who had had a history of two days’ 
crampy abd>minal pain, some emesis, but 
ne blood or melena. Pain radiated through 
to the back. X-ray study revealed an 11-em 
aneurysm with obscuration of the psoas 
shadows, end a diagncsis of a ruptured an- 
eurysm was made. We were called in by a 
surgical colleague to see this patient. 

We operated on the patient, and the 
diagnosis was verifiec. A hemograft was 
inserted, whch was the typeof graft that 
we were using at that time, the only ones 
we had. He made a very nice recovery and 
was discharged in about 22 weeks. 

On Oct 1, 3956, he walked into my office, 
and I wondered how he had got there be- 
cause he looced bad. His history at that 
time was thet he had aad some emesis of 
blood and some bloody stools. He had been 
awakened at 2 am that morning with 
crampy abdomina! pair but had gone back 
te sleep. 

He was immediately admitted to the 
hospital as am emergency, with the idea 
that he probasly had a duodenal ulcer that 
was bleeding. 

The next morning az breakfast one of 
my residents infermed me that shortly 
there was goimg te be en autopsy done on 
Mr. A (the padient’s name). He said, “Dur- 
ing the night. he went into severe shock, 
and in spite of many transfusions and sup- 
port we were unable to bring him back, 
and he died.” 

The autopsy shewed a fistula between 
the jejunum e the upper ileum and the 


aorta. This was in the days of homograft, — 


early in the surgery of the aorta. We did 
not make the diagnosis because we were 
not aware of some of the complications 
that can occur with this type of surgery. 

The homogreft that w2 used was a good 
homegraft. We postulated the following: 
Given a patien: whe had had an aortic an- 
eurysm removed and a graft inserted, be it 
prosthetic or be it a homegraft, a leak and 
a fistula shoulc immediately be suspected 
if any evidenee-of bleeding in the gastroin- 
testinal tract oecurred. 

Æs Lrecall, we were unable tə cover the 
area of the graft because the peritoneum, 
as some of you <now that have had experi- 
ence with this -ype of surgery, was com- 
pletely disintegrated and absent. We had 
allowed the intestine to drop back into po- 
sition We belive that this fistula was 
formed betweer one of the lumbar artery 
stumps-and the intestine and it eventually 
eroded through. 
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Discussion 


We had placed the lumbar vessel stumps 
anteriorly in order to be able to verify that 
they were intact when the pressure of the 
blood came into the graft. It would have 
been better, possibly, to have put that pos- 
teriorly so that side would lie against the 
vertebral column. These are things that we 
learned later on. 

I wish we had though of this very nice 
procedure of placing some omentum be- 
tween graft and intestine as was pointed 
out this morning. It might have been pos- 
sible to do it at that time. 

D. EMERICK SZILAGYI, MD, Detroit: Be- 
fore calling on the next discussant, I would 
like to mention that he has the great merit 
of having introduced into vascular surgery 
one of the most useful technical procedures 
of the last decade, one that is particularly 
helpful in dealing with serious problems of 
aortic graft complications, the axillo- 
femoral bypass: Dr. Blaisdell. 

F. WILLIAM BLAISDELL, MD, San Fran- 
cisco: During my early career in vascular 
surgery I saw a number of complications 
such as aortoenteric fistula that resulted 
from the use of homografts, or infections 
that resulted from emergency operations 
on aortic aneurysms. 

We would like to emphasize the point 
made by the authors that gastrointestinal 
tract hemorrhage in a patient with an aor- 
tic graft means an aortoenteric fistula un- 
til proven otherwise. In many of these pa- 
tients the initial manifestation is a 
relatively mild hemorrhage that may seem 
to respond to medical management. Subse- 
quently the patient has a massive ex- 
sanguinating hemorrhage and dies. 

We believe that infection is the basis for 
most of these communications between the 
graft and the gastrointestinal tract, and 
therefore, we believe that some type of ex- 
tra-abdominal rerouting procedure should 
be utilized if flow is to be restored. I noted 
that the most successful method in this 
series was extra-anatomical bypass. Two 
out of two were successful in this series as 
opposed to the other methods which they 
advocated, which had lesser degrees of suc- 
cess. Our approach to aortoenteric fistula is 
to remove the graft. No attempt is made to 
replace the graft. At this point systemic 
anticoagulation is instituted, the abdomen 
closed, and if gross sepsis is present, the 
retroperitoneum drained. 

After closure of the abdomen, the ex- 
tremities are inspected. Most patients who 
have had graft replacement for aneurysms 
will have very ischemic extremities and 
will require some type of rerouting proce- 
dure. Patients who have had grafts placed 
for occlusive disease may not require any 


immediate reconstruction as their legs 
may appear viable. If reconstruction is 
indicated on the basis of symptoms and 
signs of severe peripheral ischemia, we fa- 
vor the axillofemoral bypass. We believe it 
is better to do unilateral axillofemoral 
bypass combined with a femorofemoral 
bypass rather than carrying out bilateral 
axillofemoral bypass as was done in one 
of these two cases. The unilateral ax- 
illofemoral bypass graft will have a higher 
patency due to higher flow, so that both the 
immediate and long-term graft function 
will be better. 

If the graft subsequently fails, and ap- 
proximately 50% of them do at two years, 
the patient would presumably have recov- 
ered from his infection and can have con- 
sideration for conventional revasculariza- 
tion at that later date. 

VictoR MONTWID BERNHARD, MD, Mil- 
waukee: I would like to join my colleagues 
in congratulating Dr. Elliott and his asso- 
ciates on a very good presentation of an 
important problem which, unfortunately, 
we see more frequently than we should. 

We have had to contend with aortoin- 
testinal fistulas in 12 patients. A prior at- 
tempt to mange the fistulas by direct clo- 
sure resulted in recurrent fistulization 
in three patients. The most common pre- 
disposing factor, in our experience, was 
some form of aortic surgery with a pros- 
thesis. 

In all of our cases, some form of gas- 
trointestinal tract hemorrhage was the ini- 
tial problem, although pain, fever, and a 
mass were also noted. Only one patient had 
an initial exsanguinating hemorrhage. As 
has been indicated by others, there is usu- 
ally a matter of hours or days after onset 
of symptoms during which diagnostic stud- 
ies can be carried out. This interval was six 
hours or more in 13 instances, in our expe- 
rience. 

We do not advocate any significant delay 
for diagnostic investigation, since the first 
diagnosis one should make in a patient 
with gastrointestinal bleeding of any kind, 
who has had aortic surgery, is aortointesti- 
nal fistula. The burden of proof is on the 
surgeon. He should be prepared to go to 
the operating room momentarily. Our ef- 
forts to clarify the diagnosis preopera- 
tively were not particularly helpful. The 
only maneuver that seemed to be helpful 
was an aortogram, performed in three pa- 
tients, which was clearly abnormal in two. 

In one patient, an aortogram demon- 
strated a false aneurysm at the proximal 
anastomosis in a man who had had a graft 
put in a year and a half before. He had re- 
current upper gastrointestinal tract hem- 
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orrhage over a period of 12 to 16 hours. Af- 
ter an angiogram was obtained, he was 
taken to the operating room forthwith, the 
graft removed, and the duodenal hole 
closed. 

The other patient had an abnormal 
aortogram demonstrating a leak into the 


y tissues around the graft. Later x-ray films 


did show some dye entering the duodenum. 
He had a chronic anemia, from gastroin- 
testinal tract blood loss over a matter of 
months, and I was amazed that he was not 
in more difficulty at the time of this study. 

At surgery we noted a severely redun- 
dant graft with extreme erosion into the 
duodenum quite similar to the picture pre- 
sented by Dr. Elliott. The surgeon who re- 
placed this patients aneurysm with a 
graft five years before was apparently 
unaware of the need to separate the vis- 
cera from the graft and had covered the 
prosthesis with bare duodenum. This had 
eroded into the duodenum extensively, so 
that the graft formed one wall of the 
duodenum. The graft was bile stained, and 
blood could be seen coming through inter- 
stices of the graft, which explained the 
aortographic picture. 

We concur with the authors and with Dr. 
Blaisdell that it is imperative to get the 
graft material out of the retroperitoneal 
space and employ an extra-anatomic de- 
tour such as axillofemoral bypass to re- 
store circulation to the lower extremities. 
Any other approach is doomed to failure. 
Although a few patients were temporarily 
controlled without graft removal, the only 
two long-term survivors had their old 
grafts excised. In one individual, we did 
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not have to use an extra-anatomic bypass. 

On the basis of our experience and that 
of others, we conclude that anyone with 
any type of gastrointestinal tract bleeding, 
who has had prior aortic surgery or a 
pulsatile abdominal mass, has an aorto- 
intestinal fistula and demands prompt lap- 
arotomy. 

There is usually enough time to perform 
aortography, which may be helpful in de- 
lineating the problem. 

MARION SPENCER DEWEESE, MD, Colum- 
bia, Mo: I would like to commend the au- 
thors on the prophylactic as well as the 
therapeutic components of their paper, but 
I want to speak primarily to the prophylac- 
tic considerations. 

For the past 15 years we have routinely 
employed a similar double posterior-peri- 
toneal closure during aortic resections. 
This maneuver, combined with the simul- 
taneous development of porous vascular 
prostheses and synthetic vascular sutures, 
has resulted in the virtual elimination of 
postresection aortoenteric fistulas in our 
hospitals. Omental wrapping has been less 
dependable than careful closure of the ret- 
roperitoneum in our own experience. 

We do occasionally have problems when 
retroperitoneal infection or dehiscence of 
the posterior-peritoneal closure occurs, but 
the awesome aortoenteric complications, 
for which we have great respect, have sel- 
dom come back to haunt us in recent years. 

Dr. ELLIOTT: I wish to thank the discus- 
sants for their comments. Dr. Blaisdell’s 
and Dr. Osius’s remarks reinforce the im- 
pression that we obtained retrospectively 
that, although the gastrointestinal tract 
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hemorrhage from an aortoenteric fistula is 
characteristically massive, it may be pre- 
ceded by prodromal small bleeding epi- 
sodes. This characteristic allows in some 
patients an opportunity for accurate diag- 
nosis and aggressive surgical intervention. 
In the paraprosthetic-enteric fistulas that 
usually present as either metastatic septic 
foci in the lower extremities or fever of un- 
determined origin, it is very important to 
have a complete study of the upper gas- 
trointestinal tract. Also, we would like to 
emphasize the importance of obtaining 
femoral arterial blood cultures in this 
group of cases. 

Dr. Bernhard’s information about the 
abnormal aortograms during episodes of 
bleeding was very interesting. Although 
aortograms were done frequently in our 
patients, we were not able to demonstrate 
the cause or the site of bleeding. The stud- 
ies did, however, give additional diagnostic 
information such as demonstrating a new 
aneurysmal change proximal to the pros- 
thesis. 

I appreciate Dr. DeWeese’s remarks re- 
garding prevention. Since we have fol- 
lowed a technique of retroperitoneal clo- 
sure similar to that described previously 
by Drs. DeWeese and Fry whereby viable 
tissue is interposed between the aortic 
prosthesis and the duodenum, we have had 
only one instance of postoperative fistula 
that was due to direct trauma by vigorous 
retraction against the duodenum during 
the repair of the ruptured aneurysm in an 
obese patient. 
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Uleerated Atheroma 
of the Carotid Artery 


F. William Elaiscell, MD; Merten Glickman, MD; 


Donald D. Tounkey, MD, San Francisco 


Embolism from atheroscleratic plaques of 
the carotid bifurcation is being recognized 
ās a frequent cause of occlusion of intracra- 
nial arteriessproducing transient ischemic at- 
tacks or strokes. Fifty carotid bifurcation 
lesions were performed in an attempt to es- 
tablish roentgenographic criteria for ulcera- 
tion, and judge the accuracy of radiologic 
diagnosis of ulceration. The preoperative ra- 
diologic impression of the carotid lesion was 
compared wita the actual appearance of the 
lesion as seen at operation and sathologic 
examination. Sixteen cf the lesions con- 
tained smal! eas of ulceration and 22 con- 
tained large ulcers, for an overall incidence 
of uleeration cf 76%. The accuracy of the ra- 
diologic diagnosis of ulceration was 86%. 

Four criterf were established for radio- 
logic ulceration. These zre (1) a penetrating 
niche; (2) irregularity of the silhouette of the 
artery; (3) delayed washout of contrast me- 
dium in a segment of artery between areas 
of stenosis; and (4) a well-circumscribed 
double density of contrast medium super- 
imposed on the artery. 


hat atherosclerotic plaques of the 
carotid bifurcation are cften the 
cause of cerebral vaszular disease has 
gradually become recognized during 
the past 20 years. Criginally, symp- 
toms were thought to be produced 
primarily by local obstruction of flow 
by the lesion. Fisher, as early as 1952, 
suggested tkat cerebral embolization 
might result from carotid bifurcation 
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atheroma,' and this was subsequently 
substantiated.” Despite the fact that 
embolization from carotid bifurcation 
lesions may, in fact, be the most com- 
mon cause of transient ischemic at- 
tacks and a relatively frequent cause 
of strokes, the true incidence has only 
been recognized in recent years.*® 
The Joint Study of Extracranial Cer- 
ebrovascular Disease instituted a na- 
tional, randomized study in 1966, and 
evaluated 1,500 cases without consid- 
ering the importance of emboliza- 
tions?” 

The emboli that are derived from 
lesions of the carotid bifurcation may 
consist of fragments of the vessel 
wall or atheroma and leave behind ir- 
regular areas of ulceration.**’ These 
areas of ulceration may become foci 
for thrombotic lesions consisting of 
fibrin or masses of platelets that may 
in turn embolize.*° 

The radiologic diagnosis of carotid 
ulceration has lagged behind the rec- 
ognition of the clinical importance of 
the lesion. Reliable radiologic criteria 
have not been established and the ar- 
teriographic examinations were ex- 
tended to permit accurate diagnosis 
of nonocclusive ulceration. In the ab- 
sence of a precise angiographic defi- 
nition of ulceration, most clinicians 
have tended to make the diagnosis of 
ulceration on the basis of cerebral 
symptoms and the demonstration of a 
carotid bifurcation plaque on arteri- 
ography. 

In an effort to improve the quality 
of the radiologic diagnosis of ulcer- 
ated lesions, a prospective study was 
initiated. Radiologic criteria for ulcer- 
ation were developed and their reli- 
ability was assessed. This report con- 


cerns our experience with the last 50 
consecutive cases in which operation 
was carried out for lesions of the ca- 
rotid bifurcation. The indications for 
operation were either the presence of 
a lesion that appeared serious enough 
to obstruct flow, or that was thought 
to be ulcerated on the basis of clinical 
or radiologic grounds. The preopera- 
tive radiologic interpretation was cor- 
related with the appearance of a le- 
sion that was seen at operation. 
Photographs of gross specimens 
were taken in many instances. In 
doubtful cases, the microscopical ap- 
pearance of the lesion was used to 
verify the clinical impression. 


Clinical Data 


The cases of 45 patients were evaluated 
by the techniques described below. Arte- 
riograms were performed by the retro- 
grade femoral route with selective cathe- 
terization of the right and left common 
carotid arteries. Recently, retrograde cath- 
eterization of an axillary artery has been 
used as the procedure of choice beause of 
the ready access it provides to the brachio- 
cephalic vessels. Injection of small 
amounts of contrast medium ahead of the 
advancing tip. of the catheter permitted 
fluoroscopic guidance so as to avoid 
traumatizing areas of disease. Spot x-ray 
films were taken of the carotid bifurcation 
in the lateral and oblique projections (Fig 
1, top and bottom left). Following satisfac- 
tory visualization, injections were made 
for lateral and anteroposterior intracranial 
vascular studies. The small catheter was 
then withdrawn and a larger catheter in- 
troduced for visualization of the aortic 
arch and origins of the brachiocephalic 
vessels and vertebral arteries. 

By using the criteria to be described, one 
radiologist (MG) indicated whether he 
thought ulceration was present and de- 
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Fig 1.—Top left, Lateral arteriogram demonstrates atheromatous lesion with penetrating 


niche (arrow). Bottom left, Oblique view appears normal. Top right, Gross specimen reveals 
irregularity with area of ulceration (arrow). Bottom right, Ulceration confirmed by micros- 
copy (arrow); most of intima is absent and is replaced by thrombus material composed of 
fibrin-platelet aggregates (hematoxylin-eosin, original magnification x 100). 





scribed the size and extent of the ulcerated 
lesion. While in some instances the quality 
of the x-ray films or the nature of the le 
sion was such that an equivocal response 
was appropriate, he was asked to report in 
the positive term—ulceration or no ulcera- 
tion. 

At the time of operation, the surgeon 
drew a diagram of the lesion in the pa- 
tient’s chart and obtained gross photo- 
graphs of many of the lesions. Areas of 
doubtful ulceration were marked by a su- 
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ture on the pathological specimen. Micro- 
scopical sections were later reviewed to as- 
sess the questionable areas of ulceration. 
The clinical findings were then compared 
to the radiologic interpretation. 


Results 


Six of the 45 patients were women. 
Bilateral carotid bifurcation proce- 
dures were performed in five of the 
patients. There were 20 operations on 
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the left carotid bifurcation and 30 on 
the right. 

The carotid bifurcation lesions 
were classified into four groups to de- 
termine whether the size of the lesion 
correlated with the incidence of ulcer- 
ation or the accuracy of the radiologic 
diagnosis (Table). Criteria for ascer- 
taining the degree of occlusion have 
been described perviously.'” 

Figure 2 shows an irregular lesion 
less than 30% occlusive, which is ap- 
parent only on an anteroposterior 
view of the arteriogram (Fig 2, bot- 
tom left). The patient had transient 
ischemic attacks in the distribution of 
this artery, but the lesion consisting 
of an irregular atheroma was not 
found to be ulcerated at the time of 
operation (Fig 2, top and bottom 
right). Irregular plaques of this type 
have constituted the main reason for 
radiologic misdiagnosis. Despite the 
opinion of others,’ we have not found 
thrombus material on shallow irregu- 
lar lesions of this type unless they 
were ulcerated, and for that reason 
we do not believe that these consti- 
tute lesions that are responsible for 
symptoms. 

Figure 1 shows a lesion typical of 
the group between 30% and 60% occlu- 
sive. This atheroma contained a pene- 
trating niche that was ulcerated in its 
depths (Fig 2, top and bottom right). 

The third group of lesions consisted 
of those between 60% and 90% occlu- 
sive. Figure 3 presents an example of 
extensive ulceration in such a lesion. 


_ The deep pockets seen on the gross 


specimen (Fig 3, center) account for 
the abrupt change in density and re- 
tention of contrast agent on the arte- 
riogram (Fig 3, left). These lesions 
are a source for both large athero- 
matous and thrombotic emboli. 

The fourth group constitute lesions 
that are 90% to 99% occlusive (Fig 4). 
There is a large ulcer in the proximal 
portion of the lesion and a small, su- 
perficial ulceration at the distal por- 
tion of the stenosis. As demonstrated 
by this ease, the incidence and degree 
of ulceration did not correlate with 
the severity of the stenosis unless the 
lesion was less than 30% occlusive. A 
number of the most severely ulcer- 
ated lesions, similar to that shown in 
Fig 3, appeared to have sloughed a 


Uleerated Atheroma/Blaisdell et al 


Pa tt. Ta 


major portion of the athepoma so that 
the lesion did not become markedly 
occlusive. 

The following are findings based on 
review of the surgical specimens. 
Twelve of the 50 lesions were not ul- 
cerated, 16 had sma_l or superficial ul- 
cerations, and 22 had large ulcera- 
tions (4 mm in diameter or larger). 

Of the group of four lesions that 
appeared te preduce a 10% to 29% oc- 
clusion of the internal carotid artery, 
two were ucerated and two were not. 
Seventeen esions were 30% to 59% oc- 
clusive. Thirteen were ulcerated 
(76%), and four were not. 

Ten lesions compromised the lumen 
of the internal carotid artery by 60% 
to 89%. Eight (80%) were ulcerated, 
two were not. Nineteen lesions varied 
from 90% +o 99% occlusive. Fifteen 
were ulcerated (79%), four were not. 

The radilogic diagnosis was 86% 
accurate (cerrect in 43, wrong in 7). In 
lesiens tha: were between 10% and 
29% occlusie, the radiolagie impres- 
sion was correct in zwo and wrong in 
two. In lesions that were 30% to 59% 
ocelusive, the diagnosis was correct in 
15 and wrong in 2 (87% accurate). 
Similar accuraey was found for the 
diagnosis of lesions that were 60% to 
89% occlusive (right in nine, wrong in 
one; 90% eorrect) and for lesions that 
were 90% tc 99% occlusive (right in 17, 
wrong in 2 89% acaurate). 


Comment 


When we reviewed our data, it be- 
came apparent that the meidence of 
uleeration was excessively diagnosed 
on the arteniograms. When ulceration 
was presen:, the radiologist was inev- 
itably correet. However, irregularities 
in atheromas that were net ulcerated 
were often interpreted as ulceration. 
The impertance of these irregular- 
ities in the atheroma is questionable. 
Gomensoro et al’ believed that these 
irregularities may be foci for stagna- 
tion of blod and the formation of 
thromboem »oli. Since we have never 
found throrabi (platelets er brin) in 
the absence of severe stenosis or ul- 
ceration, we do not believe that these 
irregularities have clinical impor- 
tance. 

If the later is the case, it is impor- 
tant to distnguish the difference be- 
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Fig 2.—Top left, Lateral arteriogram is relatively normal. Bottom left, On anteroposterior, 
projection, area of irregularity can be seen (arrow). Top right, Gross specimen reveals an ir- 
regular plaque with no ulceration apparent (arrow). Bottom right, Microscopic section con- 
firms that intima is intact (arrow) (hematoxylin-eosin, original magnification x 100). 


tween irregular, but nonulcerated, 
atheromata and superficial ulceration. 
Our overall accuracy (86%) can be im- 
proved by using the criteria for ulcer- 
ation developed from this study, and 
by obtaining the appropriate studies 
of the carotid bifurcation. 

We found that, in our series, when 
a lesion was more than 30% occlusive, 
ulceration was present in approxi- 
mately four out of five or 80% of the 
cases. This group represents a fair 
sampling of all lesions of this degree 
of occlusion because the presence of 
any lesion more than 30% occlusive 
was the indication for operation, and 
ulceration was not a consideration.'” 


The series of lesions less than 30% 
occlusive was small and amounted to 
only four cases. Two of these four le- 
sions were not ulcerated despite the 
fact that the basis for operation was 
the preoperative impression that they 
were ulcerated. Therefore, it is safe 
to assume that the overall incidence 
of ulceration in lesions less than 30% 
occluded may be even less than 50%. 

In one instance, calcification in the 
arterial wall was mistakenly inter- 
preted on the arteriogram as ulcera- 
tion. This error can be avoided by ob- 
taining plain x-ray films of the neck 
routinely and inspecting these for 
calcification in the vessel wall. 


Uleerated Atheroma/Blaisdell et al 493 


ye - eri 





Fig 3.—Left, Arteriogram reveals irregular lumen; at location of arrow, radiopaque 
dye persists on subsequent arteriograms. Increased density of dye in area of apparent 
narrowing also suggests ulceration. Center, Gross specimen reveals extensive ul- 
ceration. Right, Microscopic section reveals large ulceration containing fragmenting 
atheroma and thrombus material (hematoxylin-eosin, original magnification x 100). 


Fig 4.—Left, Arteriogram reveals extensive bifurcation disease; there is an area of increased density 
in common carotid artery that suggests ulceration (arrow); there is decreased density in internal 
carotid starting 2 cm above that suggests marked stenosis. Center, Areas of ulceration are indicated 
(pointers) on specimen; proximal ulceration corresponds to that seen on arteriogram. Right, The ulcera- 
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As a result of this study, we have 
formulated the following recommen- 
dations for assessing lesions for ul- 
ceration. The arteriographic study 
should be performed by retrograde 
catheterization from the axillary or 
femoral artery rather than by direct 
percutaneous needle puncture. Cathe- 
terization is much more flexible in de- 
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termining the optimal location for 
the site of the injection with respect 
to the carotid bifurcation. The com- 
mon carotid artery can be seen fluo- 
roscopically with the catheter in its 
orifice prior to manipulation of the 
catheter through the common carotid 
artery by using injections of a small 
bolus of contrast media. Prior demon- 


tion is confirmed (arrow) on microscopic section (hematoxylin-eosin, original magnification X 100). 





stration of the vessel permits selec- 
tion of the optimal site for injection 
below any areas of disease, thus 
avoiding the risk of traumatizing the 
atheroma. Catheterization also avoids 
the danger of accidentally puncturing 
a carotid atheroma, with the risk of 
traumatically induced embolism. 
Following catherization of the com- 
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mon carotic artery, at least two spot 
x-ray films are routinely obtained of 
the earotid bifurcation in lateral and 
oblique projections. The direct an- 
terepostericr projection is usually not 
necessary 5mce in most cases the ex- 
ternal anid internal carotid arteries 
are superimposed. Examination of 
the intracranial circulatien may be 
carried out eoncurrently with the spot 
filming of tae bifurcation. 

Additional! spot x-ray films in vary- 
ing degrees of obl-quity are often 
neeessary to determine with confi- 
dence the presence or absence of ulcer- 
ation, especially in those patients 
with apparently normal bifurcations 
or with only mildly stenotic athero- 
mata. Both superficial and deep ul- 
cerations may occupy only a few 
degrees of -he circumference of the 
vessel. Simce they can be diagnosed 
with confidence only when seen in 
profile, mulsiple x-ray films may be 
necessary before ulceration can be ex- 
cluded in patients with a history of 
transient isehemic actacks, but with- 
out obvious stenosis or ulceration. 
Several of tne cases in this series in 
which the mentgenograms were in- 
correctly interpreted might have 
been accurately diagnosed if addi- 
tional x-ray films had been obtained. 
The burden of decision regarding the 
necessity of additional x-ray films in 
individual cases, of course, rests with 
the radioleg-st. It is only during the 
procedure, while the catheter is still 
in place, that this decision can be 
made. Careful communicatien between 
surgeon anc radiolegist concerning 
indications for carctid endarterec- 
tomy and the goals of angiography 
and surgery in these patients is es- 
sential. In those pazients with ste- 
nosis severe enough to warrant sur- 
gery whether or not ulceration is 
present, multiple spot x-ray films to 
demonstrate ulceration ære super- 
fluous. 

Radiograpaic criteria forulceration 
are (1) a penetrating niche; (2) irregu- 
larity of the silhouette of the artery; 
(3) delayed washout of contrast me- 
dium in a segment cf an artery be- 
tween areas of stenosis; and (4) a 
well-eircumseribed double density su- 
perimposed cn the artery. 

A penetrating niche with radio- 
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graphic characteristics similar to 
those of ulcers of the gastrointestinal 
tract is the single most reliable radio- 
graphic sign of ulceration (Fig 1). In 
two cases in this series, a penetrating 
niche was seen on the angiogram, but 
results of a microscopical examina- 
tion failed to demonstrate any ulcera- 
tion. Each of these cases had a thick 
atheromatous plaque with a deep cen- 
tral depression on the surface. In one 
of these cases, the depression had the 
appearance of an ulceration at sur- 
gery that was not confirmed by re- 
sults of microscopical examination. In 
the other it was apparent at surgery 
that the depression was lined by 
smooth, glistening intima. False-posi- 
tive radiographic interpretation of 
such a lesion is probably unavoidable, 
since the presence or absence of an 
intact intima in these depressions 
cannot be demonstrated radiograph- 
ically. 

Irregularity of the vessel wall sug- 
gests superficial ulceration, even in 
the absence of a penetrating niche. 
Coarse irregularity is more likely to 
indicate true ulceration than fine ir- 
regularity. Fine irregularity may be 
seen by angiography in atheromata 
with an uneven surface but with in- 
tact intima (Fig 2). 

In spite of turbulence that is fre- 
quently present in areas of stenosis, 
contrast medium enters and leaves 
stenotic areas of arteries simultane- 
ously with the filling and emptying of 
the rest of the vessel. Retention of 
contrast medium within a small seg- 
ment of an artery after the re- 
mainder of the vessel has emptied 
suggests stasis of blood. This phe- 
nomenon seems to occur in areas of 
ulceration where the depth of the ul- 
cer, or perhaps the turbulence due to 
the absence of intima, precludes nor- 
mal blood flow (Fig 3). When delayed 
washout of contrast medium is seen 
during serial filming, multiple x-ray 
films of the bifurcation should be ob- 
tained, and they usually show a pene- 
trating niche. 

A well-circumscribed double den- 
sity superimposed on the artery may 
represent an ulcer seen en face (Fig 
4). An x-ray film exposed at approxi- 
mately 90 degrees will demonstrate a 
penetrating niche if ulceration is the 
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cause of the double density. This sign 
must be interpreted with caution _ 


í r 


since the normal density of the ca- 
rotid bulb may be projected over the 


bifurcation to suggest a double den- 


sity. This sign by itself should not be 


considered an indication of ulcera- 
tion, but rather an indication that ad- 


ditional x-ray films are necessary. 


This investigation was supported by Public 
Health Service research grant HL14286. 
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Discussion 


VıcTOR M. BERNHARD, MD, Milwaukee: 
Dr. Blaisdell should be commended for an 
excellent and precise delineation of the 
pathogenesis of this problem and for pro- 
viding us with some clear-cut angiographic 
criteria that we can utilize to demonstrate 
the underlying problem. 
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In our experience, which is less precisely 


controlled than his, we have also noted ap- 
proximately a 75% incidence of ulceration, 
which correlated well with the anatomic 
findings at surgery. 

We are all coming to the conclusion that 
the majority of the people who have ob- 
structive cerebrovascular disease are prob- 
ably suffering from embolic phenomena, 
apparently originating from the carotid bi- 
furcation. 

I don’t wish to diminish the importance 
of this approach to the pathogenesis of the 
problem. However, the phenomena of ex- 
tracranial obstruction and consequent de- 
creased cerebral perfusion should not be 
completely thrown out. It is also important 


_ to make angiographic correlation regard- 


ing this possibility. This would be a matter 
of correlating not only the findings at the 
carotid bifurcation with the clinical pic- 
ture, but also the presence or absence of 
collateral circulation to the ipsilateral hem- 
isphere through the circle of Willis and the 
external carotids. In this way, we could be 
more precise in determining the pathogen- 
esis of cerebral ischemia in any given 
patient and derive clearer indications for 
cerebral revascularization when multiple 
operable vessels are involved. 

I would like to ask a very practical ques- 
tion. Frequently, we do angiograms in 
people who have asymptomatic bruits, 
prior to abdominal aortic surgery or coro- 
nary bypass, and often find a minimally 
stenotic lesion that appears to be ulcer- 
ated. We have tangled with this problem 
and are not quite sure about our grounds 
for deciding whether these should or 
should not be operated on and when. How 
do you deal with this problem? 

Finally, we concur that the greater the 
patency or the smaller the plaque, the 
more one is likely to be incorrect in assum- 
ing that the ulceration that appears to be 
demonstrated on the angiogram is really 
present. 

JOHN W. SmitH, MD, Omaha: I have en- 
joyed Dr. Blaisdell’s paper very much. He 
has emphasized the importance of diag- 
nosis in patients with transient ischemic 
attacks. 
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I would like to ask him a question about 
treatment. Can we recommend medication 
with anticoagulants for the patient with 
nonstenotic ulceration? Or, is endarterec- 
tomy always necessary? 

We have seen such a lesion progress to 
complete occlusion of the internal carotid 
artery during an asymptomatic two-year 
period of therapy with anticoagulants. 

In retrospect, control of the patient’s 
symptoms was not enough. 

Dr. BLAISDELL: 

Dr. Bernhard raised the question of rela- 
tionship between ulceration and obstruc- 
tion. We can all agree that a lesion that is 
90% or more occlusive produces significant 
obstruction of flow, and so whether or not 
the lesion is ulcerated is immaterial. In our 
experience, 80% of these lesions will turn 
out to have associated ulceration. 

The problem is primarily in those pa- 
tients with lesions between 50% and 90% 
occlusive. If the patient has occlusion of 
the opposite carotid artery, then a 50% oc- 
clusion may be significant. Conversely, if 
the opposite carotid is patent, the 50% oc- 
clusion will probably be of no significance 
from the standpoint of obstruction of flow, 
and the presence or absence of ulceration 
may be the primary determinant as to 
whether an operation is necessary. 

We did not attempt to correlate symp- 
toms and ulceration, but all patients with 
lesions less that 30% occlusive were 
thought to have symptoms suggestive of 
embolization; as it turned out, only 50% of 
these patients were found to have carotid 
bifureation ulceration. When the patients’ 
lesions exceeded 90% occlusive, and nearly 
one third of these patients had that degree 
of occlusion, it was very difficult to ascer- 
tain what portion of the patient’s symp- 
toms was due to obstruction and what was 
due to ulceration. So we did not attempt to 
make that correlation in the paper, and the 
paper was directed primarily toward the 
radiologic diagnosis of ulceration. 

Dr. Bernhard raised the question as to 
what to do with the asymptomatic patient 
in whom ulceration is discovered. He be- 
lieves, as we do, that if a patient has a ca- 
rotid bruit and is being proposed for major 


ETEENI AD isha tila eee cee 
k ` ; m mnra ad 
P ag ` i è i 4 = a" 





cardiac surgery or operations that are as- 
sociated with a physiologic instability, the 
presence of marked obstruction may well 
pose a hazard to the patient. I don’t believe 
that ulceration poses the same hazard in 
this group of patients, and so the ulcera- 
tion can be considered independently of 
the patient’s associated operation. 

We believe that there will be clinical con- 
sequences if portions of the arterial wall 
are sloughed into the patient’s cerebral cir- 
culation. We recognize that many patients 
who have serious degrees of cerebral dete- 
rioration may not have had any acute neu- 
rologic symptoms. It is possible that la- 
cunae and other atrophic areas seen in the 
brains of older patients may well have re- 
sulted from embolization and damage to 
relatively nonsymptomatic areas of the 
brain. So I think that if we have clear-cut 
evidence of ulceration, we have sufficient 
indication for operation. In the absence of 
hard criteria for ulceration, the indications 
for surgery are less sound. That really is 
what this paper is all about. 

Dr. Smith raised the question of anti- 
coagulation as an alternate to manage- 
ment of the patients who are having tran- 
sient ischemic attacks that are presumed 
to be the result of cardtid ulceration. I 
think the answer that we could give to him 
would be similar. Although anticoagulation 
may relieve symptoms in some of these pa- 
tients, they still have the underlying prob- 
lem of embolization of portions of the arte- 
rial wall, and I suspect that in these 
patients, too, operation would be more to 
their advantage. 

The primary decision hinges on whether 
or not the operation can be done with min- 
imal operative mortality and morbidity. At 
the present time the results from many 
large series have demonstrated that ca- 
rotid endarterectomy can be carried out 
safely, with a risk of death and complica- 
tions less than 1%. If this is true, and pre- 
vious experience verifies that the complica- 
tion rate in this procedure is low, then we 
believe that the indications for surgery can 
be extended to removing these asympto- 
matic, ulcerated carotid bifurcation le- 
sions. 
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Heparinless Venoarterial Bypass” 


Its Application in the Treatment of 


Experimental Cardiogenic Shock 


Akio Wakabayashi, MD; Yoshimasa Nakamura, MD; 
Kevin J. Murphy, MD; Edward A. Stemmer, MD; John E. Connolly, MD, Irvine, Calif 


A simple heparinless venoarterial bypass 
(HL-VAB) system without oxygenation has 
been developed for the support of the failing 
heart. Experiments in animals with cardio- 
genic shock showed that the aortic root 
pressure (coronary flow) was elevated imme- 
diately by HL-VAB. Within 90 minutes of HL- 
VAB, left ventricular dyskinesia disappeared 
and the bypass was successfully removed 
from all animals. Normal blood levels could 
easily be maintained by ventilatory support 
with 40% oxygen, if the bypass flow was not 
more than one third of the cardiac output. 
This technique was employed to mechani- 
cally support the circulation before and after 
surgery in five critically ill patients who un- 
derwent open-heart surgery. Four of the five 
patients survived. This technique of mechan- 
ical circulatory assistance appears to be sim- 
pler and more effective than other tech- 
niques employed clinically. 


n ea shock occurs in ap- 
proximately 10% to 15% of pa- 
tients following acute myocardial 
infaction.! If hypotension (systolic 
pressure below 90 mm Hg), oliguria, 
mental confusion, and other clinical 
signs of low tissue perfusion persist, 
even after coexisting oligemia or ar- 
rhythmias have been corrected, the 
mortality approaches 100%,'° even 





Accepted for publication Dec 11, 1973. 

From the Department of Surgery, University 
of California at Irvine. 

Read before the 81st annual meeting of the 
Western Surgical Association, Houston, Nov 16, 
1973. 

Reprint requests to the Department of Sur- 
gery, University of Calfironia at Irvine, Irvine, 
CA 92664 (Dr. Wakabayashi). 


with intensive medical treatment. 
There has been considerable hope 
that patients suffering from other- 
wise fatal cardiogenic shock might be 
benefited by mechanical circulatory 
support. While many varieties of cir- 
culatory assist have been advocated, 
at the present time, intra-aortic bal- 
loon pumping (IABP) is the most pop- 
ular form of clinical circulatory 
assistance. Recent reports*' demon- 
strate that approximately 15% of pa- 
tients in cardiogenic shock might be 
saved by IABP alone and an addi- 
tional 20% salvaged by subsequent 
surgical intervention. The balloon can 
be inserted with a simple surgical 
procedure, but IABP requires a com- 
plicated and bulky electronic control 
system. More important, hemodynam- 
ic studies of IABP in calves? have 
shown that the technique has little 
effect on increasing mean coronary 
blood flow. | 


Materials and Methods 


In an attempt to find a simpler, but at 
the same time more efficient circulatory 
support system, we have reappraised and 
modified the technique of venoarterial by- 
pass without oxygenation that was first 
suggested in 1958.° The principal modi- 
fication has been the coating of the circuit 
with nonthrombogenic polyurethane-poly- 
vinyl graphite (PPG), which eliminates the 
need for heparin sodium. 

In Vivo Evaluation of Nonthrombogenic- 
PPG Coating.—We reported previously the 
use of PPG-coated circuits for open-chest 
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or closed-chest left heart bypass in animals 
and humans,** for up to 30 hours. In order 
to assess the thromboresistant capabilities 
of coated tubing for a longer period, the 
following experiments were performed. A 
piece of polyvinyl tubing, inner diameter, 
1.0 em (0.4 inches); outer diameter, 1.2 cm 
(0.5 inches); length, 5 cm (2.0 inches) coated 
with PPG and sterilized with ethylene 
oxide gas, was inserted through a small in- 
cision into the superior vena cava of five 
dogs. Three weeks later, the animals were 
killed after being quickly heparinized to 
prevent postmortem clotting. In all five 
dogs, the inside of the PPG-coated tubing 
was free of clots, but the dead space be- 
tween the tubing and the right atrial ap- 
pendage was filled with organized clot (Fig 
1). We concluded from these experiments 
that PPG-coated polyvinyl tubing of the 
size employed can remain thrombus-free 
for three weeks, without the use of hepa- 
rin, provided the blood flow is not stag- 
nant. 

Experimental Production of Cardiogenic 
Shock.—In order to test the effectiveness of 
our coated, nonthrombogenic circulatory 
assist device, it was necessary to develop a 
new method for experimental shock in the 
dog. Cardiogenic shock was defined in the 
present study as sustained, mean systemic 
blood pressure (BP) less than 65 mm Hg, 
following myocardial damage not caused 
by drugs, bacterial endotoxin, oligemia, 
hypothermia, or arrhythmias. Numerous 
methods have been proposed to induce car- 
diogenic shock in dogs, including multiple 
ligation of coronary arteries,’ embolization 
of the coronary arteries with micro- 
spheres" or metallic mercury," temporary 
occlusion of the coronary arteries,’ use of 
drugs," or a combination of alloxan and re- 
peated aortic constriction.’ However, none 
of these methods fulfilled our criterion for 
cardiogenic shock.'* The basis of the new 
method consisted of the creation of left 
ventricular dyskinesia. 

Eleven dogs, weighing 20 to 23 kg (44 to 
51 lb) were anesthetized intravenously 
with sodium pentobarbital (30 mg/kg) and 
intubated. Respirations were controlled 
with a volume respirator. Blood pressure 
and central venous pressure (CVP) were 
continuously monitored. The left side of 
the chest was opened through the fifth in- 
tercostal space, the heart exposed, and the 
anatomical distribution of the coronary ar- 
teries carefully examined. All of the dogs 
except one had a dominant left coronary 
artery (Fig 2). The left main coronary ar- 
tery was either very short or absent. The 
first anterior septal branch originated 
from the left main coronary artery or the 
proximal part of the anterior descending 
coronary artery. The distance between the 
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origin of the circumflex artery and the 
bifurcation of the left atrial ascending 
branch averaged approximately 4 mm. A 
diagonal branch of the left coronary artery 
was large in six dogs and small in seven. 

The pulmonary artery was carefully dis- 
sected and an electromagnetic-flow probe 
was placed around the vessel to measure 
blood flow as cardiac output (CO). Plastic 
catheters were inserted into the left 
atrium and ventricle for pressure monitor- 
ing. An electrocardiogram was contin- 
uously monitored. Arterial and venous 
blood gas and pH levels were determined 
prior to thoracotomy and then at intervals 
during the experiment. The circumflex cor- 
onary artery was cross-clamped between 
its origin and the bifurcation of its left 
atrial ascending branch. Following this 
maneuver, ventricular fibrillation occurred 
within 15 minutes in eight of 11 dogs; in 
three dogs it was electrically induced. The 
heart was then massaged manually to 
maintain a mean systemic BP of 50 mm 
Hg. When a coronary ischemic time of 45 
minutes was reached, the clamp on the cir- 
cumflex coronary artery was removed and 
the heart was defibrillated. Epinephrine, 
lidocaine, and sodium bicarbonate were 
employed as necessary for successful defi- 
brillation. The BP dropped below 50 mm 
Hg within five minutes in five dogs. In 
those animals in which the BP remained 
higher than 50 mm Hg, the heart was 
again fibrillated by cross-clamping the cir- 
cumflex coronary artery, followed by man- 





Fig 1.—A PPG-coated polyvinyl tube (5 x 
ID 1.0 cm) implanted in canine superior 
vena cava for three weeks. Note clean in- 
ternal surface and organized clot filling 
dead space between tube and right atrium. 





Fig 2.—Canine coronary arteries: Imca, 
left main coronary artery; sept, septal 
branch; circ, circumflex branch; laab, left 
atrial ascending branch; marg, marginal 
branches; pdb, posterior descending 
branch; diag, diagonal branch; adb, anterior 
descending branch; RV, right ventricle; 
POST LV, posterior left ventricle; APEX, 
apex. 


Fig 3.—Recordings of physiological indexes: ECG, electrocardiogram; BP, blood pressure; 
CVP, central venous pressure; LAP, left atrial pressure; CO, cardiac output; LVP, left ventric- 
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Table 1.—Arterial and Venous Blood Gases and pH 


Control 


Arteria 

Po», mm Hg 114 (104-123) 
7.47(7.29-7.59) 
(14-35) 


p 
Pcoz mm Hg 27 
Venous 
Po mm Hg 69 
H 


(50-88) 
7.45(7.26-7.52) 
(20-40) 


* VAB signifies venoarterial bypass 


p 
Peco, mm Hg 28 


ual massage and defibrillation. This proce- 
dure was repeated until the BP dropped 
below 50 mm Hg. When this was accom- 
plished, average values were as follows: 
left arterzal pressure (LAP), 28 mm Hg; 
CYP, 19 mm Hg; left ventricular end-dias- 
tolie pressure (LVEDP), 20 mm Hg; and 
CO, 650 ml/min. Despite severe cardio- 
genic shoek, blood gas and pH levels were 
maintained within an acceptable range by 
the routine use of sod-um bicarbonate and 
ventilatory support (Table 1). A large area 
ef the posterior part of the left ventricle 
showed dyskinesia in all animals. Ischemic 
rigidity was noted in zhe posterior base of 
the left ventricle, but, in contrast, the dys- 
kinetic area was flaccid. None of the ani- 
mals developed pulmonary edema, even 
though the LAP reaehed high levels. In 
spite of severe myocardial damage and the 
large dyskimetic left ventricle, the BP 
showed an upward trend. The BP stabi- 
lized between 55 and 65 mm Hg in five 
dogs. In ee dog, the BP fell to below 35 
mm Hg, requiring cardiac massage prior 
to the institution of bypass. In the others, 
the BP rose to above 70 mm Hg and they 
were excluded from the study. 

Heparimess Venoarterial Bypass (HL- 
VAB) Withoat Oxygenation.—The assist de- 
vice consisted of a polyvinyl venous can- 
nula (28 F) and arterial cannula (18 F), 1.0- 
em (0.4-inches) polyvinyl tubing, 130 cm 
(51.1 inches) long, polycarbonate connec- 
tors, and short 1.0-em (0.4-inches) poly- 
vinyl tubmg with side arms. The entire 
circuit wes coated with PPG. A portable, 
battery-pewered rolle” pump propelled the 
bloed threugh the circuit. 

After cardiogenic shock had been in- 
duced in six dogs, as described above, an 
external sugular vein and a common ca- 
rotid artery were exposed and the corre- 
sponding cannulas were introduced. After 
the tubing was connected to the cannulas 
and all ar bubbles removed through the 
side arms HL-VAB was commenced at a 
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Shock VAB* 
87 (63-114) 94 (63-144) 
7.36(7.29-7.56) 7.37(7.20-7.47) 
34 (25-46) 30 (22-45) 


46 (30-76) 51 (35-80) 
7.29(7.24-7.43) 7.33(7.15-7.39) 
44 (35-57) 38 (34-57) 


flow rate of 450 to 650 ml/min, which is ap- 
proximately one third normal CO in dogs 
at rest, weighing 20 to 23 kg (44 to 51 1b). 
Within one or two minutes the BP rose 
rapidly to over 80 mm Hg; CVP first fell 
to less than 10 mm Hg, thereafter rising 
slowly to 13 to 15 mm Hg; LAP rose 3 to 5 
mm Hg; and LVEDP rose: 3 to 5 mm Hg. 
Initially, CO, which is pulmonary arterial 
blood flow, decreased because venous blood 
was partially diverted from the pulmonary 
artery (Fig 3). As HL-VAB continued, 
however, CO gradually increased as car- 
diac contraction improved. 

During HL-VAB, the animals were ven- 
tilated with 40% oxygen at a rate of 20 cy- 
cles/min. The arterial Po, averaged 94 mm 
Hg and pH, 7.37 (Table 1) during HL-V AB. 

The HL-VAB was continued for 60 to 90 
minutes, during which time it was noted 
that the dyskinesia of the left ventricle 
gradually disappeared. However, LVEDP 
did not return to base line values. When 
HL-VAB was terminated, BP was well 
maintained above 90 mm Hg; LAP 
dropped to 15 to 18 mm Hg; CVP, to 6 to 9 
mm Hg; and CO was maintained nearly 
equal to control values over an observation 
period of two hours after HL-VAB had 
been discontinued. 


Clinical Cases 


This technique, HL-VAB, was em- 
ployed in five patients undergoing 
open-heart surgery (Table 2). The 
first patient could not be removed 
from cardiopulmonary bypass after 
aortocoronary bypass surgery. There- 
fore, HL-VAB was instituted, em- 
ploying a femoral artery and vein, 
and the cardiopulmonary bypass was 
discontinued. After seven hours and 
ten minutes of HL-VAB, the patient 
was able to maintain a satisfactory 









ACB, patch PA, 7hriOmin A&W 
AscAo 


2 Vent aneurysm, 5hr30 min A&W 
MVR, VSD, ACB 

3 MVR, TVR 6hr20 min Died 

4 AVR, MVR 6 hr A&W 

5 Ventaneurysm 4hr20 min A&W 


* ACB = aortocoronary bypass; patch PA, 
AscAo = pericardial patch to pulmonary 
artery, Dacron patch to ascending aorta; 
vent aneurysm = resection of ventricular 
aneurysm; MVR = mitral valve replacement; 
VSD = closure of postinfarction ventricular- 
septal defect; AVR = aortic valve replace- 
ment; TVR = tricuspid valve replacement. 


BP. In the remaining four patients, 
HL-VAB was instituted prior to in- 
duction of general anesthesia, be- 
cause of the extremely poor preopera- 
tive condition of the patients. The 
femoral vein and artery were exposed 
with the patients under local anesthe- 
sia, and vascular prostheses were 
anastomosed end-to-side to these ves- 
sels. Venous and arterial cannulas 
were then inserted through the pros- 
theses so that the circulation in the 
distal part of the extremity was not 
disturbed. Systolic BP in all four pa- 
tients dropped below 75 mm Hg im- 
mediately after the induction of anes- 
thesia, but it rose above 105 mm Hg 
within two minutes after the institu- 
tion of HL-VAB. The maximum flow 
rate required to maintain adequate 
BP was 1,500 ml/min. During cardio- 
pulmonary bypass, the HL-VAB cir- 
cuit was kept running slowly. On 
completion of intracardiac maneu- 
vers, cardiopulmonary bypass was 
switched to HL-VAB, allowing neu- 
tralization of heparin by protamine 
sulfate. Although all patients had ex- 
tracorporeal oxygenation for long pe- 
riods, due to the complexity of the op- 
erative procedures, good hemostasis 
occurred after protamine neutral- 
ization and continued HL-VAB. One 
patient could not be removed from 
HL-VAB and died of progressive 
heart failure. The other four patients 
required support by HL-VAB for pe- 
riods of five to seven hours after the 
completion of the operation, before it 
was possible to remove them from the 
support system. These four patients 
survived and were discharged from 
the hospital. 
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Comment 


Femoro-femoral venoarterial by- 
pass without oxygenation was first 
described by Connolly et al in 1958. 
Subsequent investigation by the 
same authors showed that relatively 
low-flow venoarterial bypass could 
raise aortic root pressure and increase 
coronary blood flow, as demonstrated 
by radioactive isotope washout tech- 
niques. However, venoarterial by- 
pass, as employed at that time, re- 
quired heparinization, which led to 
increasing complications with its pro- 
longed use. In addition, it was not re- 
alized at that time that the oxygen 
desaturation seen with significant ve- 
noarterial bypass could be corrected 
by ventilatory support. These prob- 
lems were solved by the development 
of nonthrombogenic-PPG coating and 
by supplying oxygen by mask or ven- 
tilator. The nonthrombogenic prop- 
erty of PPG was confirmed by three- 
week implantation tests into canine 
vena cavas. Success in long-term ex- 
tracorporeal circulation without use 
of heparin was further established by 
recent experiments in our laboratory 
in which HL-V AB was carried out suc- 
cessfully for six days in sheep. 

Originally, intra-aortic balloon 
pumping was thought to increase 
mean coronary artery blood flow,'’*" 
but recently it has been shown that 
the benefits of [ABP appear to be re- 
lated to its ability to reduce pulmo- 
nary arterial wedge pressure. How- 
ever, the maximum beneficial effects 
on pulmonary wedge pressure are not 
reached until 24 to 48 hours later.’ In 


JOHN C. NORMAN, MD, Houston: In 1972, 
there were 50,000 patients in this coun- 
try who underwent open-heart procedures. 
The operative and early mortality in this 
group of patients was somewhere between 
1% and 10%, in large part due to the so- 
called low output syndrome, or left ventric- 
ular failure. Conservatively, between 500 
and 5,000 of these patients could be saved 
if an effective means of left ventricular as- 
sist were available, even on a short-term 
basis. 

It is now apparent that IABP is becom- 
ing increasingly popular and application 
throughout the country in preoperative, in- 
tra-operative, and postoperative settings. 
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contrast, the remarkable hemodynam- 
ic changes effected by venoarterial 
bypass in our studies appeared imme- 
diately after institution of HL-VAB 
in both animals and patients. Mean 
BP rose 10 to 15 mm Hg and contin- 
ued to rise as myocardial contractil- 
ity improved over the following few 
hours. It would appear that this im- 
mediate, direct action on aortic root 
pressure (coronary blood flow) out- 
weighs the apparent mild to moder- 
ate increases in LAP and LVEDP ob- 
served during HL-VAB. 

From these animal studies and pre- 
liminary clinical experience, we be- 
lieve that our new technique of HL- 
VAB is more promising than other 
techniques in treating cardiogenic 
shock, because it is simpler and safer 
and provides more immediate, benefi- 
cial hemodynamic effects on the 
heart. 


Paul Mullin and Chi-Chu Chen provided tech- 
nical assistance. 
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proximately 9%. This decrease in peak sys- 
tolic pressure is beneficial in terms of 
myocardial oxygen consumption, ie, about 
18%. Moreover, the stroke work is de- 
creased about 20%; left ventricular dP/dT 
is decreased only 1%; and coronary sinus 
flow is decreased 7%. Therefore, it is not 
necessary to increase myocardial blood 
flow. In fact, if you decrease the work of 
the heart, you secondarily decrease myo- 
cardial blood flow, and myocardial oxygen 
consumption is decreased by about 13%. 
The second, third, and fourth columns 
above contain comparable indexes of im- 
plantable devices from the left atrium to 
the descending thoracic aorta, the left ven- 
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tricle to the deseendirg thoracie aorta, and 
finally, from the left ventricle to the ab- 
deminal aorta. The lazter device (ALVAD) 
is being evclved in our laboratories. 

Earlier this month, the ad hoc advisory 
committee on left ventricular assist de- 
vices of the National Heart and Lung In- 
stitute was convened, and we should be 
hearing more during the next two to three 
months regarding clinical application of 
these various devices. | 

I think the important indexes for us to 
keep in mind are the physiologic analyses 
and approaches to left ventricular assist- 
ance and the biomaterials lining these de- 
vices, which perhaps will be diseussed. We 
weuld very much like to see the data on 
myocardial cxygen consumption, time ten- 
sion index, left ventricular end-diastolic 
pressure, ard left atrial pressures with 
this approaca. 

Joun H. XENNEDY, MD, Houston: Dr. 
Wakabayashi and his co-workers are really 
to be commended for this interesting ex- 
perimental and elinica! study of the effects 
of a 30% extracardiac right-te-left shunt in 
animals and n patients suffering from car- 
diogenic shoek that, uniquely, does not re- 
quire systemic anticoagulation. 

As all of us know, the problem of cardio- 
genic shock & an enormous one. While not 
frequent in occurrenc2, once the care in 
cardiac intersive care units has been im- 
preved, particularly in the area of arrhyth- 
mias, about one patient a month in our own 
coronary care unit suffers frem this prob- 
lem. 

Certainly, Dr. Connelly has contributed 
much to this field in the last 15 vears, and 
any technique that will improve salvage of 
such patients is worthy of study. 

On the firs: day of the sessions, I com- 
mented on the experience of my colleagues 
and myself ir the care of 52 suck patients, 
half of whom survived. 

I have twe questions for the authors, 
however, regarding the physiologic impli- 
cations of their study First, what hap- 
pened to the @rculating platelets after five 
hours? Dr. James Ross, speaking on behalf 
of our own laboratory group earlier this 
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month, has reported a progressive fall in 
thrombocytes when a pump is added to ex- 
tracorporeal oxygenation. Others have re- 
ported sequestration of platelets in the 
liver and spleen under similar circum- 
stances. 

Second, the closest clinical approxima- 
tion to the experimental design that has 
been described today would proably be pul- 
monary AV fistula in patients. Classically, 
it has been suggested that when the shunt 
flow through a pulmonary AV fistula ex- 
ceeds 20%, cyanosis and progressive car- 
diac failure ensue. Regarding the elevation 
in left atrial pressure, progressive with 
time and elevation in left ventricular end- 


diastolic pressure, it seems that this point 


might warrant further discussion. 

GILBERT S. CAMPBELL, MD, Little Rock, 
Ark: I may have missed it, but I did 
not think your experimental study was 
contaminated with any controls. It would 
seem to me that this would be quite impor- 
tant. 

I would predict that the dogs were not 
splenectomized, which would also cast a bit 
of doubt over the experimental data. In 
nonsplenectomized mongrel dogs, the con- 
trol dogs would show recovery, not too dis- 
similar from what your experimental dogs 
showed. So I would just raise these as 
questions about the experimental data. 

Dr. CONNOLLY: Fifteen years ago, we 
were proposing to remove blood by way of 
a catheter from the vena cava and then 
pump it back into the aorta. After success- 
ful use, at the bedside of a few patients 
suffering from cardiogenic shock, we dis- 
carded venoarterial bypass because of the 
constant need for heparinization and be- 
cause, at that time, there was evidence 
that most investigators thought that un- 
less you bypassed the entire output of the 
left ventricle, you did not rest the heart. 
We now know, 15 years later, that this is 
not true. Also, at that time we did not real- 
ize that we could correct the desaturation 
of venoarterial bypass by using a mechani- 
cal ventilator. 

The present femoro-femoral circuit we 
are employing clinically with a roller pump 
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and graphite-coated tubing, which elimi- A 
nates the need for heparin administration, 
was devised by Dr. Wakabayashi a few — 
years ago. Dr. Wakabayashi has been able _ 
to use this apparatus for six days on calves 
with amazingly few changes in the blood 
coagulation picture. r a 
As far as the specific questions, time did 
not permit Dr. Norman or Dr. Wakaba- 
yashi to report all of the indexes that were 
measured. Many were measured that were 
not presented here. = 
Dr. Kennedy, there was no fallin plates 
let counts or platelet adhesiveness during 
six days of venoarterial bypass in animals. __ 
All of the animals with dyskinesia of the 
left ventricle that were not treated died. 
We excluded those animals whose pres- 
sures were above 70 mm Hg or below 30 
mm Hg and we outline very carefully what 
we accepted as cardiogenic shock. I agree 
that it is difficult to design an animal 
model of cardiogenic shock. Splenectomy is 
necessary in the design of experimental 
shock, but not in cardiogenic shock. yg 
In summary, we are not trying to say 
that this technique is necessarily going to 
supplant IABP. The latter is a well estab- 
lished modality and has saved a number of 
lives. Our laboratory work indicates, how- S 
ever, that HL-VAB is a simpler and safer 
procedure and might be more effective 
than balloon pumping. More clinical expe- 
rience in patients with cardiogenic shock 
should give us the answer. 
Dr. Kennedy presented a very excellent 
series showing the use of the membrane 
oxygenator to support such patients. Our 
group has also been using a membrane ~ | 
oxygenator, both in the laboratory and 
clinically. Dr. Bartlett has had patients as- 
sisted by the membrane oxygenator for 
two weeks. However, we do have to use 
heparin in such instances and a large team 
is necessary to monitor the membrane oxy- 
genator. We believe that, at the moment, it 
should be reserved for patients with pul- : 
monary failure and that either IABP or 
HL-VAB should be employed for patients — 
with heart failure who have otherwise nor- 
mal lungs. 
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Interposition “H” Grafting 


for Portal Hypertension 


Bernard W. Thompson, MD, Raymond C. Read, MD, Little Rock, Ark 


During the past 4% years, 24 patients 
bleeding from varices and three with intrac- 
table ascites underwent interposition “H” 
graft shunting, either electively (21 patients) 
or as an emergency (7 patients). Autoge- 
nous jugular vein was used in 15, homolo- 
gous vena cava in 9, and Dacron in 4. Por- 
tacaval anastomosis was done in 14 and 
mesocaval in 14. Twenty-five were Child 
class “C” and two Child class “B.” There 
were four (14.8%) early deaths, with one 
(4.8%) in the elective and three (43%) in the 
emergency group. Nine grafts were open at 
autopsy, eight at splenoportography, and 
seven assumed patent because patients 
were asymptomatic. Two Dacron grafts and 
two homografts thrombosed. There were 
eight late deaths, only one related to failure 
of the graft. Apparently, the operation con- 
trols ascites, with autogenous jugular vein 
being the ideal material. Interposition “H” 
grafting is a simple, safe procedure that can 
be used for portal decompression in patients 
with bleeding varices. 


KX anastomosis between the portal 
and systemic venous circula- 
tions was first performed by Eck in 
1877.! He suggested that this tech- 
nique might be useful in treating pa- 
tients with ascites. The operation was 
attempted by a number of surgeons 
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but generally with poor results. The 
first successful application of por- 
tosystemic shunts was described by 
Blakemore and Lord? and Whipple’ in 
1945. Since then, many reports have 
been published indicating techniques 
and results of a variety of shunts. Un- 
fortunately, surgical decompression 
by direct portacaval anastomosis is 
frequently difficult to accomplish be- 
cause of a congested liver with hyper- 
trophy of its caudate lobe, arterio- 
venous fistulas, enlarged lymphatics 
or pancreas, and edema about the 
porta hepatis. On other occasions, 
when there has been thrombosis of 
the portal vein, it is impossible. Tran- 
section of the inferior vena cava just 
proximal to the junction of the iliac 
veins with suturing of the distal ori- 
fice of the proximal segment into the 
side of the superior mesenteric vein 
was originated by Valdoni* and later 
popularized by Marion? and Clat- 
worthy et alë as an alternate site 
for portal decompression. 

The operation is easily performed 
because it is conducted away from the 
enlarged liver, periportal lymphatics, 
and thickened posterior peritoneum 
with its increased vasculature. It 
takes less time than either splenore- 
nal or portacaval shunts, thus reduc- 
ing the requirement for anesthesia. A 
wide anastomosis is accomplished, 
less blood is lost because collateral 
circulation concentrates above the 
mesocolon, and less dissection need be 
performed. The increased distance 
from the heart prevents augmenta- 
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tion of the hyperdynamic state seen 
in cirrhotic patients. 

Although the mesocaval shunt is 
uniformly applicabl2, controls vari- 
ceal hemarthage, and is well toler- 
ated, Gliedman ani Margulies’ as 
well as Voorhees and Blakemore‘ 
have noted marked swelling of the 
lower extremities, especially in adult 
alcoholics with aypoproteinemia. 
These considerations led us to per- 
form interposition “H” grafting be- 
tween the portal and systemic venous 
circulations. thereby leaving the 
venous return from the lower half of 
the body animpaired. This technique 
was first attempted by Yeoh and 
Eiseman,' Foster and associates,’ 
Preston amc Trippel,'! and Nabseth et 
al™ in isolated cases in the early 
1960s. We first used venous homo- 
grafts to bridge the gap between the 
two circulations.” Lord et al,“ Drap- 
anas,“ and Giles and associates’® ad- 
vised the use of prosthetic material; 
more recen-ly Thompson and Read" 
and Stipa et al’ heve employed au- 
togenous jagular vein. Betancourt 
and associates’ have recently shown 
in experimental animals that auto- 
grafts eveke the least perivascular re- 
actien comoared tc homograft and 
prosthetic material in this situation. 


Materials and Methods 


During the past 4% years, 28 inter- 
position “H” grafts between the portal and 
systemic venous circulations have been 
perfermed oa 27 patients. Twenty-three 
were white and four black. The 25 men and 
two women -anged from 21 to 70 years, 
average age 49. In 24c rrhosis was second- 
ary to alcchslism, while in three it was 
postnecrotic. All but three of these pa- 
tients had had up to seven episodes of mas- 
stve hemorrkage and had received from 
1,500 to 35.000 ml of blood prior to oper- 
ation. The three exceptions were patients 
operated on for ascites intractable to di- 
uretics and salt restriccion. Seven of the 24 
required surgery durirg the acute hemor- 
rhagic episode, while operation was de- 
layed two tc six weeks in the other 17. 
‘Pwenty-four had clinical evidence of as- 
cites prior tc surgery. 

Results ef liver function studies were 
abnormal in all. Total serum protein levels 
ranged from 3.6 to 7.8 gm/100 ml, while 
the albumim level varied from 1.4 to 3.6 
gm/100 m. Sulfobromophthalein sodium 
retention measured 10% to 44%. Serum bili- 
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rubin level was normal in one, while the 
level varied from 2.0 to 24 mg/100 ml at 
the time of operation in the others. With 
the exception of the three patients oper- 
ated on for intractable ascites, all showed 
esophageal varices on either esoph- 
agoscopy, splenoportography, or barium 
series. Using Child’s” method of eval- 
uation, we placed 25 in group C and two in 


group B. 
Operative Technique 


Autogenous jugular vein was used on 15 
occasions, while homologous vena cava was 
used nine times, and Dacron four. In 14 in- 
stances the interposition graft was placed 
between the superior mesenteric vein and 
the vena cava, and between the portal vein 
and inferior vena cava in 14. 


Mesocaval Interposition 


A midline incision is made as described 
by Voorhees and Blakemore,” Gliedman,” 
and Zuidema and Ebert.” The transverse 
mesocolon is elevated superiorly and the 
small bowel retracted downward. Portal 
pressure is measured in a small venous 
tributary of the midcolic vein dissected out 
in the transverse mesocolon. The superior 
mesenteric vein is identified just to the 
right of the pulsation of the superior mes- 
enteric artery. The peritoneum over the 
vein is opened and the vein isolated for a 
distance of about 5 cm. A small ellipse of 
vein is removed posteriolateral after blood 
flow has been controlled by a partially oc- 
cluding vascular clamp. The homologous 
vein, prosthetic graft, or autogenous jugu- 
lar vein is then sutured to the superior 
mesenteric vein with continuous 5-0 pros- 
thetic sutures. 

After removal of the occluding clamp, 
the graft is irrigated with heparin sodium 
(1,000 units/ml). A tunnel is created in the 
mesentery to the ascending colon and the 
anteriomedial wall of the inferior vena 
cava is isolated. Blood flow through the 
vena cava is controlled with a Satinsky 
clamp. After an ellipse of this vessel has 
been excised, the interposed “H” graft is 
brought through the tunnel. The graft is 
then allowed to fill with blood under pres- 
sure. This rotates the graft slightly and 
prevents kinking as it passes caudal to the 
duodenum to enter the inferior vena cava. 
The posterior anastomosis is completed 
with 5-0 prosthetic material. After removal 
of the clamp on the graft material to as- 
sure patency, the anterior anastomosis is 
completed with a continuous suture (Fig- 
ure). 


Portacaval Interposition 
The patient is placed in the left lateral 
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interposition “H” graft material may be 
used as either portacaval or mesocaval 
shunt. Inferior vena cava represented by 
IVC. 


position with the kidney rest elevated. A 
long skin incision is then made starting 
just below the xiphoid process and parallel 
to the costal margin all the way around the 
flank to the transverse process of the sec- 
ond lumbar vertebra. The subcutaneous 
tissues and underlying muscles are divided 
transversely. Any ascitic fluid is then aspi- 
rated. The peritoneum over the porta he- 
patis is incised to expose only the right lat- 
eral portion of the portal vein. Pressure in 
the portal vein is measured by direct inser- 
tion of a needle. A partially occluding vas- 
cular clamp is applied to the portal vein 
and an ellipse of this vessel removed. The 
material to be used as the “H” graft is su- 
tured to this defect in the portal vein with 
an anterior and posterior whipping stitch 
of 5-0 prosthetic suture. 

The occluding clamp is then removed 
and the autograft irrigated with heparin 
sodium (1,000 units/ml). The posterior 
peritoneum is then incised over the ante- 
riomedial wall of the vena cava for a dis- 
tance of 2.5 em. Partial occlusion of this 
vessel is maintained with a Satinsky 
clamp, and a button of tissue is removed 
from the vena cava. The posterior anasto- 
mosis is made with a continuous prosthetic 
5-0 suture material. The clamp on the graft 
is removed to assure patency, and the an- 
terior anastomosis is then completed. 
When any doubt exists about shunt flow, 
an angiographic study is performed before 
abdominal closure (Figure). 


Results 


No complications have been associ- 
ated with removal of the jugular vein 
and the scar has not been disfiguring. 

Four patients died within one 
month of their interposition graft. 
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Three seemed to do well following 
surgery only to develop deepening ic- 
terus and ascites. They died of hepa- 
torenal failure at 10, 14, and 21 days. 
At autopsy the interposition grafts 
were patent in all three. A fourth had 
progressive liver failure following his 
operation and died on the sixth post- 
operative day. His Dacron mesocaval 
interposition graft was found to be 
thrombosed at autopsy. Three of 
these deaths were in the seven oper- 
ated on as emergencies while acutely 
bleeding. 

Three additional patients have had 
thrombosis of their interposition 
grafts. Two who had mesocaval “H” 
homografts tunneled between the 
duodenum and the pancreas devel- 
oped hematemesis six and nine 
months following surgery. The first, 
at six months, was found to have a 
splenic pulp pressure of 35 cm saline 
and occlusion of the graft on spleno- 
portography. At a second operation, 
the thrombosed homograft was re- 
moved and a second homograft in- 
serted as an interposition “H” graft 
but passed caudal to the duodenum. 
He is asymptomatic some four years 
following surgery. The second re- 
fused further surgery only to return 
to the hospital six weeks later and die 
as a result of variceal hemorrhage. At 
autopsy there was evidence of pan- 
creatitis with the resulting fibrosis 
occluding the homograft. The third 
patient had an uneventful postopera- 
tive course following a Dacron inter- 
position portacaval procedure. He re- 
turned at six months with ascites, 
progressive icterus, and massive up- 
per gastrointestinal tract bleeding. 
He died shortly after admission. His 
graft was found to be thrombosed at 
autopsy. 

Three developed hepatomas at 4, 6, 
and 18 months following operation. 
Two had cirrhosis secondary to alco- 
holism, while in the third it was 
secondary to hepatitis. All three re- 
covered uneventfully from their oper- 
ations only to return later with pro- 
gressive icterus, ascites, fever, and, 
terminally, somnolence, generalized 
bleeding, coma, and death. The inter- 
position grafts were patent at au- 
topsy in all three. 

Three died in their second and third 
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years following interposition graft- 
ing. All continued heavy alcohol in- 
take. The first died at 30 months from 
aspiration pneumonia. The second 
had hepatorenal syndrome and died 
at 16 months. Complete destruction of 
the liver apparently due to continued 
alcoholism was found at autopsy. The 
third developed massive upper gas- 
trointestinal tract hemorrhage while 
being treated for acute alcoholism. 
He died without surgical consultation 
32 months following shunting, and at 
autopsy was found to have a large 
duodenal ulcer from which he had 
bled. The grafts were patent in all 
three. 

Four of the 15 long-term survivors 
have had melena or hematemesis 
since surgery. Gastrointestinal tract 
barium studies as well as endoscopic 
examination have demonstrated 
duodenal ulcer in three and hemor- 
rhagic gastritis in one. Splenoporto- 
grams in these three as well as five 
others showed their shunts to be 
open. In all 12 survivors operated on 
for bleeding varices, the size of their 
esophageal varices decreased as de- 
termined by barium studies. 

Three have been readmitted for 
mental confusion associated with al- 
coholic intake. Mental confusion or 
encephalopathy associated with ele- 
vated ammonia levels or excessive 
protein intake has not been noted. 

All three patients operated on for 
intractable ascites survived and are 
free from intra-abdominal fluid. 
Their ascites are now easily controlled 
by salt restriction and mild diuretics. 


Comment 


These patients tax the resources of 
anyone who tries to care for them. 
They frequently arrive unannounced, 
debilitated, icteric, and bleeding. Sur- 
geons are frequently called out in the 
middle of the night to perform emer- 
gency surgery after medical manage- 
ment has failed. Patients bleeding 
from esophageal varices are such poor 
operative risks that we use all con- 
servative modalities available before 
resorting to surgery. Despite the use 
of balloon tamponade, fresh whole 
blood, and mesenteric arterial injec- 


tion of vasopressin, it was necessary 


to operate as an emergency procedure 


on seven to prevent death from acute 
hemorrhage. Three (43%) of them 
died in the early postoperative period. 
Although this mortality appears to be 
rather high, it is similar to the 45% re- 
ported by George et al* and 55% by 
Pugh et al when variceal ligation is 
used for treatment. We agree with 
the latter authors, who state that the 
results of emergency ligation of vari- 
ces are so disappointing that a 
“jump” graft from the portal to caval 
system should be used in emergency 
situations to treat variceal hemor- 
rhage. 

In the 21 patients operated on 
electively, there was one hospital 
death (4.8%). This is in agreement 
with Drapanas”® experience in 25 pa- 
tients using prosthetic material. 
There is no doubt that interposition 
“H” grafting is simpler, requires less 
dissection, fewer transfusions, and 
less anesthetic than either direct 
mesocaval or portacaval anastomosis. 
There is a question of which material 
should be used for the grafts. Lord et 
al," using Teflon for mesocaval inter- 
position, had one occlusion in seven 
patients observed up to 20 months, 
while Drapanas’ reports no throm- 
boses in 25 Dacron interposition 
grafts observed up to 41 months. 
Thromboses occurred in two of our 
four with Dacron grafts. Two of nine 
venous homografts also thrombosed 
in the late postoperative period. Both 
of these followed passage of the graft 
between the lower border of the pan- 
creas and the third portion of the 
duodenum. We no longer use this 
route since it not only can be techni- 
cally difficult because of hemorrhage, 
but may lead to pancreatitis with 
subsequent graft compression. Homo- 
grafts are not always available and 
there is always the question of im- 
mune reaction contributing to even- 
tual failure. 

The use of autogenous internal 
jugular vein as an interposition “H” 
grafting material seems ideal. It is 
always available and, as previously 
has been shown experimentally by 
Dale and Scott” as well as Betancourt 
et al,'® evokes the least tissue reaction 
and is therefore less likely to cause 
clotting. In all of our cases, this vein 
has been long enough to bridge the 
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defect and is of sufficient diameter (1 
em or lazger) to shunt adequate 
amounts of blood. There have been no 
known ocdusions since autogenous 
vein has been utilized (two years). 
Three such grafts were found patent 
at autopsy. five at solenoportography, 
and seven patients are asymptomatic. 

Theoretically, the mesocaval shunt 
is te be preferred over the portacaval 
as it prevents augmentation of the 
hyperdynamic state seen in cirrhotics, 
is more likely to prctect against post- 
shunt encephalopathy, and, especially 
in an emergency, may be easier to 
perform. However, one must be pre- 
pared to perform either since numer- 
ous anomalies of the portal vein exist 
and may produce technical diffi- 
culties proonging the procedure in 
these debil tated patients. Thus, the 
superior mesenteric vein may com- 
prise numerous smaller trunks, the 
portal vein can be thrombosed, or the 
hepatic artery ean erise from the su- 
perior mesenteric. 

Giles et al have recently reported 
excellent immediate results when us- 
ing Teflon mterposition “H” grafts to 
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treat variceal hemorrhage in five pa- 
tients. Unfortunately, two (40%) of 
their patients died later. Lord et al’*** 
and Drapanas*® report few complica- 
tions follow interposition shunting. 
Our results more closely parallel those 
of Giles et al.’® Most of our patients 
have continued to drink heavily after 
their operations and we therefore see 
not only the complications usually 
noted following direct shunts but also 
those of alcoholism. Four have devel- 
oped bleeding duodenal ulcers leading 
to death in one. Bleeding from alco- 
holic gastritis was seen in one, alco- 
holic coma in three, fatal pancreatitis 
in one, and deteriorating liver func- 
tion, aspiration pneumonia, and, 
eventually, death in two additional 
late survivors. In this connection, it is 
of particular interest that three pa- 
tients developed primary carcinoma 
of the liver and died within two years 
of operation. Purtilo and Gottlieb” 
have recently reported that cirrhosis 
and hepatoma are increasing in the 
United States. They further noted 
that an average of eight years ensued 
from the onset of alcoholic cirrhosis 
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and the appearance of hepatoma in 23 
patients. MacDonald’ has reported 


esophageal hemorrhage associated — 


with hepatoma in 16%. We recom- 
mend that the liver be carefully ex- 
amined and biopsy performed at the 
time of shunting to rule out this en- 
tity. If a patient returns following 
such an operation with progressive ic- 
terus, ascites, fever, and recurrent 
hemorrhage, the diagnosis of hepa- 
toma should be considered. 

In conclusion, our experience with 
the principle of interposition “H” 
grafting coupled with that of others 
indicates that this is an acceptable 
means of simplifying the operation 
for portal system decompression in 
the management of bleeding esoph- 
ageal varices. However, further stud- 
ies are needed to determine whether 
permanent protection is obtained by 
this technique. Long-term data are 
difficult to accumulate and evaluate 
because other aspects of these pa- 
tients’ disease, especially alcoholism, 
lead to death from causes other than 
recurrent bleeding. 
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ARTHUR E. Baue, MD, St. Louis: There 
will never be a perfect operation for a dis- 
ease process in which we attack the sec- 
ondary problem, portal hypertension, with- 
out being able to do anything about the 

primary problem, the liver disease. 

Of all the operations which are available 
for the relief of portal hypertension, the 
mesocaval “H” graft, using the jugular 
vein, as developed by Drs. Thompson and 
Read, has seemed to us to be the best. It is 
our procedure of choice in most patients at 
the present time. 

It is an easier and faster operation for 
the patient and the surgeon. Encephalop- 
athy has not occurred and, as Dr. Thomp- 
son has indicated, the incidence of hepatic 


= failure seems to be decreased. 


Although Dr. Drapanas has had excel- 
lent results with the mesocaval “H” graft, 
using a plastic graft, we have some con- 
cern about plastic material in the venous 
system and wonder whether the late pa- 
tency rate will be satisfactory. 

We have used the mesocaval “H” graft 
with jugular vein in a small group of pa- 
tients and have been impressed by the ini- 
tial results. A longer period of continuing 
observation is needed. 

We have noted a technical problem in 
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the performance of these grafts. A graft 
was placed too far proximally in the mes- 
enteric vein so that to reach the vena cava 
the graft was wrapped around the curve of 
the third portion of the duodenum. As soon 
as the patient became ambulatory, the 
shunt was occluded. We think this was due 
to the position of the graft and distortion 
by the duodenum pushing it down. The 
graft should be brought straight from the 
mesenteric vein to the vena cava. Although 
emergency operations for bleeding varices 
are not the subject of this discussion, I 
would like to mention that we have not had 
to perform emergency operations for this 
problem for the last three to four years. By 
the use of a continuous infusion of vaso- 
pressin injection into the superior mesen- 
teric artery we have been able to stop 
bleeding in all patients and proceeded with 
a more elective operation after the bowel 
has been emptied of blood and liver func- 
tion has stabilized or improved. 

Drs. Thompson and Read have made a 
significant contribution by the develop- 
ment of this procedure and by their pre- 
sentation. I appreciate the opportunity 
both of using the operation and of dis- 
cussing it. 

Dr. THOMPSON: We would like to agree 





with what Dr. Baue has said. We original- 
ly had some trouble also with rotating 
our grafts about the duodenum. If it is 
brought too close or too cephalad, you can 
get into trouble with rotation and subse- 
quent thrombosis. This is actually the rea- 
son we had thrombosis in two of our pa- 
tients. 

We would caution you against, as has 
been advised by some others, bringing the 
graft from the superior mesenteric vein to 
the inferior vena cava between the pan- 
creas and the C-loop of the duodenum. We 
have had trouble with pancreatitis causing 
thrombosis when this is done. 

We are familiar with the procedure that 
has been discussed by Dr. Trippel, but we 
have had no experience in using it. 

I would just like to say that what we 
really feel about this procedure is that it is 
just a simple technique of carrying out a 
side-to-side portacaval shunt. You get the 
same physiological result. 

Unfortunately, from what we are seeing 
now, we think that we can expect the same 
complications that one sees from a por- 
tacaval shunt, and we are not really too 
sure that if we observe these people long 
enough we are not going to start seeing 
patients with encephalopathy. 
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Acaleulous Gallbladder Disease 
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Paul F. Nora. MD, Chieago; Wiliam McCarthy, MD, Blue Island, Ill; Nicholas Sanez, MD, Chicago 


Symptomat acalculous gallbladder dis- 
ease presents a difficult therapeutic prob- 
lem. Several patients with acalculous gall- 
bladder disease had prolonged visualization 
of the gallbladder following oral cholecys- 
tography with iopamoic acid even after stim- 
ulation with a fatty meal. Cholecystectomy 
was performec on 14 of these patients. 

Subsequently, we instituted cholecystoki- 
nin cholecystography in an effort to detect 
abnermal function or the presence of dis- 
ease. An abnosmai respense with deficient 
emptying was demonstrated in ten addi- 
tional patients in whom cholecystectomy 
was done. The operative and pathological 
findings and a *ollow-up are presented in all 
24 cases. Thes consisted of such findings 
as thickness of the gallbladder wall, kinking 
of the cystic duct, chronic cholecystitis, pa- 
pilloma, and cholesterolosis. 

Cholecystokisin cholecystography added a 
dimension to the diagnosis of clinically im- 
portant abnormal gallbladder function by 
providing maximum stimulus to contraction 
of the gallbladeer that had been shown by 
conventional cnolecystography to empty 
very slowly. 


a gallbladder disease 
presents the surgeon with a di- 


lemma: to operate or not to overate. 


Aecepted for publication Jan 7, 1974. 

From the departments cf surgery, North- 
westem Universi=y Medical School and Colum- 
bus-Cuneo-Cabrim Medical Center, Chicago 
(Drs. Nora and Samez) and S+. Francis Hospital, 
Blue Island, Ill (Lr. McCarthy). 

Read before the 81st annual meeting of the 
Western Surgical Asseciation, Houston, Nov 16, 
1973. 

Reprint requests to 6969 N Lincoln Ave, Lin- 
colnwood, IL 60648 (Dr. Nora). 


Arch Surg/Vol 108, April 1974 


The choice is not always clearly indi- 
cated by the clinical findings, but such 
a decision is required of most practic- 
ing surgeons at least a few times a 
year. 

The typical patient is one with 
symptoms of gallbladder disease, an 
acalculous gallbladder visualized on 
oral cholecystography, and essentially 
normal findings on “work-up,” which 
includes an upper gastrointestinal 
tract examination and an intravenous 
pyelogram. Nearly all of these pa- 
tients are initially treated medically, 
but repeated attacks eventually bring 
them to the attention of a surgeon. If 
operation is deemed necessary, the 
procedure is cholecystectomy. In such 
cases, histologic examination of the 
surgical specimen may reveal cho- 
lecystitis without stones, or cholecys- 
toses, or a normal gallbladder. 

For many of these patients, path- 
ophysiologic evaluation has consisted 
merely of routine gallbladder study in 
which there was visualization but no 
evidence of calculi. Because such 
results are interpreted as normal, 
further investigation obviously is 
needed, when symptoms recur or per- 
sist, to determine whether surgical 
treatment would be beneficial. 


Clinical Cases 


The following investigation was 
prompted by our findings that several 
people who had what appeared to be clini- 
cal gallbladder disease had prolonged visu- 


alization of the gallbladder following a 
fatty meal. In 14 patients who had un- 
dergone oral cholecystography with fatty 
meal, the gallbladder was visualized 24 
hours to seven days after ingestion of 3 gm 
iopanoic acid, (Fig 1). 

The 14 patients studied, 12 women and 
two men, ranged in age from 25 to 64 
years. All gave a history of repeated at- 
tacks of colicky pain in the right upper 
quadrant of the abdomen, usually follow- 
ing some type of dietary indiscretion. They 
reported many other symptoms, such as 
selective food intolerance, dyspepsia, ex- 
cessive flatus, nausea, and frequently gen- 
eral abdominal discomfort. In addition to 
a complete physical examination, all were 
subjected to the routine laboratory studies: 
complete blood count, urinalysis, and an 
automated chemical blood profile examina- 
tions. 

In addition to oral cholecystography, the 
roentgenographic work-up consisted of a 
chest roentgenogram, intravenous pyelo- 
gram, and upper gastrointestinal tract 
series in 13 of the patients, as well as a 
barium enema in 11. Oral cholecystography 
had been performed one time previously in 
three patients, twice previously in five pa- 
tients, and three or more times previously 
in six patients. All had been done in con- 
junction with a fatty meal, and results 
were reported as normal in all cases. A 
trial of medical management, consisting of 
a restricted diet and some form of anti- 
cholinergic drug therapy, did not keep 
these patients free from attack. All experi- 
enced recurrences of pain suggestive of 
gallbladder colic and finally were subjected 
to exploration and cholecystectomy. The 
findings on gross and histologic examina- 
tion of the specimens are given in Table 1. 
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The possible reasons for, and surgical 
implications of, prolonged visualization are 
presented in the “Comment” section. Fol- 
low-up periods for the first 14 patients in 
whom there was prolonged visualization 
have ranged from ten months to five years 
(Table 1). None of these patients had sub- 
sequent attacks of gallbladder colic. Two, 
however, had occasional abdominal dis- 
comfort. 

Regardless of the explanation for pro- 
longed visualization, further study of 
gallbladder emptying required a more 
exacting method. Recognizing the need for 
maximal stimulation, we instituted cho- 
lecystokinin cholecystography in patients 
who had had normal oral cholecystograms 
and were refractory to medical treatment. 
Six tablets (8 gm) of iopanoic acid were 
given the evening before the roentgen- 
ographic examination. A resting x-ray film 
of the gallbladder was taken. Then 75 Ivy 
units of cholecystokinin were injected in- 
travenously over a period of three minutes, 
and serial roentgenograms were taken at 
3-, 5-, 8-, 10-, and 20-minute intervals at 24, 
48, and 72 hours. Ten of 19 patients sub- 
jected to this study had abnormal findings. 

If injection of the cholecystokinin re- 
sulted in either a recurrence of the pa- 
tient’s symptoms or inappropriate empty- 
ing of the gallbladder, the test results were 
considered to be positive for gallbladder 
disease. By recurrence of symptoms we 
mean that the patient actually experienced 
the same colicky pain that brought him 
to his physician originally. Vasomotor 
phenomenon and abdominal discomfort 
following the injection should not be 
mistaken for a recurrence of symptoms. 
Inappropriate emptying of the gallblad- 
der, as determined by volume change, ab- 
normal contractions, or prolonged visual- 
ization is described in more detail in the 
“Comment” section (Fig 2). Results of the 
cholecystokinin cholecystography in these 
ten patients appear in Table 2 

Of the ten patients with abnormal find- 
ings, eight were women, ranging in age 
from 34 to 50 years. All ten underwent cho- 
lecystectomy, and gross and histologic fea- 
tures of their surgical specimens are pre- 
sented in Table 3. The follow-up period for 
this group was short, (ten months max- 
imum), but in this time none experienced 
gallbladder colic. 


Comment 


Prolonged Visualization.—Prolonged 
visualization of the gallbladder fol- 
lowing iopanoic acid ingestion is dif- 
ficult to evaluate. From a clinical 
standpoint, nonvisualization of the 
gallbladder has received a great deal 
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Table 1.—Patients Showing Prolonged Visualization on Oral Cholecystography 
Follow-Up, 
Sex Gross Findings Histologic Findings Results mo 

























Chronic cholecystitis Good 60 
Chronic cholecystitis Good 


Chronic cholecystitis, Good 23 
cholesterolosis i 


M Compression of cystic duct 

Compression of cystic duct 

Gallbladder (cholesterol) 
polyps (3) 











F Compression of cystic duct Chronic cholecystitis Good 23 

M Thickened wall of gallbladder Chronic cholecystitis, Good 20 
cholesterolosis 

Cystic duct kinked Chronic cholecystitis Good 17 

z Thickened wall of gallbladder Chronic cholecystitis Good a 


Thickened wall of gallbladder Chronic cholecystitis Good 
Chronic cholecystitis, Fair 


cholesterolosis 


Thickened wall of gallbladder 










gallbladder 


of attention in the literature. The re- 
verse phenomenon, prolonged visual- 
ization, has not been the subject of 
much investigation. In fact, Hess be- 
lives prolonged visualization to be of 
no pathologic significance.’ 

Prolonged visualization is probably 
due to one or more of the following 
mechanisms: (1) prolonged absorption 
of dye from the gastrointestinal tract 
or repeat filling of the gallbladder or 
both; (2) some form of enzymatic 
change in the gallbladder mucosa 
that prevents absorption of the dye 
through the gallbladder wall; (3) 
inadequate emptying of the gallblad- 
der. 





F Thickened wall of gallbladder Chronic cholecystitis, Good 12 
cholesterolosis 
F Cystic duct kinked Chronic cholecystitis, Good 11 
adenomyomatosis 
F Gallbladder (cholesterol) Chronic cholecystitis, Good 11 
polyps (3) adenomyomatosis 
F Thickened gallbladder wall Chronic cholecystitis Fair 10 
F Thickened & distended Chronic cholecystitis Good 10 


Slow absorption of the dye as a 
cause of prolonged visualization is a 
definite possibility. However, most 
radiologists have not reported this 


roentgenographic finding because 
they believe it is not important or 
they have not been aware of it. Gall- 
bladder visualization reaches max- 
imum intensity 14 to 20 hours follow- 
ing oral administration of iopanoic 
acid. The average peak of intensity is 
about 18 hours. The concentration of 
dye in the gallbladder is a partial 
index of the rate of absorption by 
the gastrointestinal tract. However, 
many variables affect the intensity of 
the gallbladder shadow. The mecha- 


Fig 1.—Visualization of gallbladder 12 hours (right) and 60 hours (left) after ingestion of 
3 gm iopanoic acid in conjunction with fatty meal. 
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Table 2.—Results of Cholecystokinin Cholecystography 


Duplication 
of Symptcms 


Volume Type of 
Change 


Normal 

Abncrmal 
Abnermal 
Abnormal 
Abncrmal 
Abnormal 
Abnormal 
Normal 

Abnormal 
Abnormal 


Normal 
Abnormal 
Abnormal 
Abnormal 
Abnormal 
Abnormal 
Abnormal 
Normal 
Normal 
Normal 
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nism by which the glueuronide is 
fermed from iopanoic acid by the 
liver is intimately related to hepatic 
function. Ome would expect alteration 
in this conjagation mechanism, as a 
result of hepatic dysfunction, to be 
refiected in nonvisualization rather 
than in proonged visualization. The 
giucuronide form of iopanoie acid is 
reabsorbed in much lesser amounts 
than is the free iopanoie acid and 
would not senificantly contribute to 
visualizatior.2 Therefore, recycling 
would not appear to be an important 
factor in visualization. The second 
filing of the gallbladder with dye, 
although suggested, never has been 
noted on cholecystography combined 
with cholecystokinin. In future stud- 
ies, we plan to carry out roentgen- 
ographic examination in patients 
who have nermal emptying on oral 
choleeystokinin cholecystography, at 
two-hour intervals following the 
evacuation o7 the gallbladder, to eval- 
uate this possibility of refilling. 

The seconc possible mechanism for 
prolonged visualizaticn involves some 
form of mucosal enzymatic reaction 
and is strictly theoretical. It would 
- appear to be the reverse of the action 
described by Lasser as an explanation 
for nenvisualization.* It could be pos- 
tulated that increased thickness of 
mucosa resuits in an increased ac- 
cumulation ef dye, which keeps it 
within the gallbladder lumen and not 
in the wall as in some inflammatory 
disease. 

The most likely explanation for 
prelenged visualization is inadequate 
emptying of the gallbladder, the 
mechanism being anatomic, func- 


Arch Surg/Vol 108, Apri 1974 


Contractions Visualization, hr 





oe (te = 
rý, € i 








Cholecystography 
Sex Gross Findings Histologic Findings 
Prolonged F Compressed cystic duct Chronic cholecystitis 
F Compressed cystic duct Chronic cholecystitis 
84 F Thickened gallbladder wall Chronic cholecystitis 
108 F Compressed cystic duct Normal gallbladder 
60 F Cystic duct kinked Focal cholesterolosis 
BY M Thickened gallbladder wall Chronic cholecystitis, 
60 adenomyomatosis 
M Polyp of gallbladder Papilloma of gallbladder, 
cholesterolosis 
F Thickened gallbladder wall Chronic cholecystitis 
F Thickened gallbladder wall Chronic cholecystitis 


“Tl 





tional, or both. The various morpho- 
logic changes seen in these cases are 
discussed in “Pathologic Findings.” 
Howver, if these morphologic changes 
do not entirely explain the inade- 
quate emptying, the possibility of a 
functional component must be consid- 
ered. “Biliary dyskinesia” is a term 
frequently used to describe such phe- 
nomena, but it has come under crit- 
icism because of its vague appli- 
cation. The question of hypertonia 
versus hypotonia in dyskinesia has 
been reported by certain investiga- 
tors, but the problem is probably 
more theoretical than real.‘ Whatever 
the mechanism, the final result is 
inappropriate emptying of the gall- 
bladder. 

Attempts to define the nature of 
this phenomenon by means of biliary 
manometry have met with mixed re- 
ponse.’ In certain cases, cystic duct 
spasm has been incriminated as the 
cause of biliary dyskinesia; in others, 
fibrosis of the sphincter of Oddi has 
been blamed. Nevertheless, the prac- 
ticality of this diagnostic test has 
been questioned because (1) it is diffi- 
cult to insure uniform conditions for 
the performance of these tests, and 
(2) it is an intraoperative procedure 
and cannot be used for preoperative 
diagnosis. 

Whereas failure of the gallbladder 
to empty adequately and rapidly in 
response to a fatty meal is construed 
by some to be a pathologic state, we 
can agree only with reservation, ie, 
only after further study. We would 
first request roentgenographic exami- 
nation 24 and 48 hours postcibal to 
reevaluate the prolonged visual- 


Table 3.—Patients With Abnormal Cholecystokinin 


Compressed cystic duct 


Chronic cholecystitis 





ization. Second, we would perform 
cholecystokinin cholecystography in 
the symptomatic patient who has had 
a so-called normal oral cholecysto- 
gram. 

The question whether inappro- 
priate emptying is responsible for the 
patient’s symptoms or is a forerunner 
of calculous disease or both is a sepa- 
rate problem. Most investigators 
would agree that inappropriate emp- 
tying of the gallbladder for long peri- 
ods leads to stasis and predisposes to 
calculous disease. Whether the poor 
emptying causes the patient’s par- 
ticular symptoms is a matter of con- 
jecture, and can be ascertained by 
postcholecystectomy follow-up. 


Pathologic Findings 


From a pathologic standpoint, the 
disruption of normal function of the 
gallbladder is more impressive than 
the morbid anatomy seen in these pa- 
tients. Nonetheless, nearly all speci- 
mens exhibit some form of anatomic 
change if the pathologist is alert to 
the more subtle findings. The mor- 
phologie findings may be one or a 
combination of the following: (1) ana- 
tomic obstruction, (2) degenerative 
disease, (3) inflammatory disease. 

The anatomic obstructions are best 
noted on careful examination of the 
cystic duct at operation and by care- 
ful inspection of cystic duct and 
lumen in the pathologic laboratory. 
Kinking, compression, or abnormal 
valves in the cystic duct may be pres- 
ent singly or in combination. The true 
clinical significance of moderate ob- 
struction to cystic duct outflow is 
questionable. Nonetheless, we have 
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observed many compressed ducts 
caused by adhesions or by a promi- 
nent artery that may have been sig- 
nificant. Obstruction attributable to 
kinking or some form of valve abnor- 
mality has been well documented in 
other reports.*° 

Degenerative disease of the gall- 
bladder may be manifested as choles- 
teroloses, polyposes, or diverticuloses. 
Although the true nature of degen- 
erative disease defies definition, par- 
ticularly with regard to polyposes, 
which are, after all, neoplasia, we 
have based our classification on the 
extensive monograph of Arianoff.'’ 
His intent was to separate a distinct 
group of cholecystopathies from the 
better-known lithiasis and cholecys- 
titis. 

The cholesteroloses may be diffuse 
or local. Cholesterol deposits may ac- 
cumulate to form a polyp, hence the 
name cholesterol polyp. These choles- 
terol polyps are different from poly- 
poses, which may be either papillomas 
or adenomas. In our first group of 14 
patients (Table 1), we had two exam- 
ples of cholesterol polyps. The one 
case of polyposis in the gallbladder 
seen in our second group of patients 
(Table 3) was benign neoplasia (papil- 
lomas). 

When the aforementioned changes 
are obvious, cholecystoses can be 
readily distinguished from cholecys- 
titis. In many cases, however, these 
two entities seem to overlap, render- 
ing strict differentiation impossible. 
For example, a thickened gallbladder 
wall may be a result of either or of 
both. 

Cholecystoses, as a distinct form of 
gallbladder disease, have received 
much more attention in the foreign 
literature than in the United States. 
The term was originally coined by 
Jutras, who published an extensive 
report on the subject.'' Concerning 
pathogenesis, Arianoff states, “The 
primum movens is an interference 
with the emptying of the gallblad- 
der.”””° 

In the majority of these cases, 
inflammatory disease also is noted. It 
is well known that inflammatory dis- 
ease frequently results in inadequate 
emptying of the gallbladder. As our 
pathologists became more familiar 
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Fig 2.—Normal cholecystokinin cholecystogram preinjection (left) and 20 minutes after 
injection with 75 Ivy units of cholecystokinin (right). Note disappearance of gallbladder 


shadow on right. Normal volume change. 





Fig 3.—Preinjection (left) and 20 minutes after injection with 75 Ivy units of cholecystoki- 
nin (right). Note that there is no appreciable decrease in volume of gallbladder shadow. Ab- 
normal volume change. 


with this condition, they found it eas- 
ier to identify these changes. To facil- 
itate pathologic examination, it be- 
came routine to fix the gallbladder in 
Zenker solution within ten minutes 
after surgical removal. This measure 
prevents autolysis of the mucosa, 
which requires careful examination in 
these cases. 


Cholecystokinin Cholecystography 


Although Ivy and Oldberg demon- 
strated the effects of cholecystokinin 
on human gallbladder contractions as 
early as 1928," the difficulty in ob- 
taining a pharmacologically pure 
compound prohibited its use in man. 


Brodén, in 1958, published a clinical 
report of cholecystokinin cholecys- 
tography that was one of the earliest 
reports of well-defined clinical trial.’ 
Much credit for the availability of 
a pure compound must be given to 
Professors Jorpes and Mutt of Stock- 
holm, who made possible the appli- 
cation of cholecystokinin to studies in 
man.'* Subsequently, attempts were 
made to define the criteria for normal 
study, and these were based, for the 
most part, on the change in volume 
and the type of contraction observed. 
Edholm utilized Simpson’s formula 
for calculating the volume of ellip- 
soids that were similar to the shape of 
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= -a gallbladder." Some investigators 
have relied on the method described 


by Boyden ia his original work on the 


response ef gallbladder volume by 
contraction following a fatty meal.: 
Siffert established still another 
method fer estimating gallbladder 
velume.'* Al these metheds can be 
helpful in the estimating volume 
change, but they are rather complex 
to use routinely (Fig 2). The clinical 
significance of this volume change, 
especially the Gegree, and its relation 
te symptoms are a matter of contro- 
versy. 

Mere recent opin-on holds that a 
duplication of symptoms after cho- 
lecystokinin in,ection is indieative of 
disease. The type of contraction, 
whether sezmental or generalized, 
also is consHlered to be diagnostically 
important, par-icularly for conditions 
sueh as adenomatosis. Camishion and 
Goldstein, addmg still another crite- 
rion, have ased cholecystokinin cho- 
lecystograpay in conjunction with 
_amalysis of biliary drainage.* 

In our own experience with cho- 
lecystokinir coolecystography, four 
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criteria were used: (1) duplication of 
symptoms, (2) abnormal localized con- 
tractions in the neck or the body of 
the gallbladder, (3) prolonged visual- 
ization, or (4) abnormal volume change 
(a decrease of less than 50% within 
20 minutes) (Fig 3). Measurement of 
volume was merely an estimate. No 
elaborate calculations were carried 
out. We simply compared the pre- 
injection film with the 20-minute 
postinjection film. 

In our opinion, prolonged visual- 
ization with cholecystokinin cho- 
lecystography in this type of case is 
definitely related to abnormal gall- 
bladder emptying. Since cholecysto- 
kinin is known to have an accelerat- 
ing effect on small bowel transit 
time, prolonged absorption of the dye 
is not likely to be the cause of pro- 
longed visualization.'® Iopanoic acid 
would not remain in the small bowel 
very long after the cholecystokinin 
injection. 

The main conclusion of the entire 
investigation is the proper applica- 
tion of a cholecystokinin cholecystog- 
raphy in selected cases, indications 
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being persistence of symptoms in- 
patients with normal findings on oral 
cholecystography. Cholecystokinin is — 


not used in patients with calculous 
disease. When injection of cholecys- 


-tokinin is followed by recurrence of- 
symptoms and abnormal contraction 
patterns with minimal to no volume © 


change, we recommend an explor- 
atory operation, with cholecystec- 
tomy or whatever other precedure is 
indicated. The gallbladder should be 
fixed immediately after removal in 
Zenker solution. 

Our limited experience with pa- 
tients who had cholecystography with 
prolonged visualization in conjunc- 
tion with a fatty meal, and then had 
cholecystectomy has shown good re- 
sults. Our experience with cholecys- 
tokinin cholecystography as a diag- 


nostic tool in predicting gallbladder 


disease is small, but so far has been 
encouraging. Symptomatic patients 
with an abnormal choleeystokinin 
cholecystogram treated by cholecys- 
tectomy have had excellent results. 
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Nonroutine Operative 


Cholangiography 


Olin G. Thurston, MD, FRCS (C), FACS, Edmonton, Canada 


Over a seven-year period, operative chol- 
angiography at the time of cholecystectomy 
was selectively omitted in patients with (1) a 
solitary gallbladder stone, (2) a cystic duct 
of minute caliber, (3) acute cholecystitis op- 
erated on when regular roentgenographic 
personnel were not available, and (4) cho- 
lecystectomy as an incidental procedure. 
Thirty-four patients not having cholangi- 


ography and 72 patients having cholangi- - 


ography were observed for an average 
period of 34 months. The study indicates 
that serious pathological findings (stones 
and carcinoma) were undetected at cholecys- 
tectomy in 11.8% of the patients not having 
cholangiography and in 1.4% of the patients 
having cholangiography. The results sug- 
gest that the surgeon who decides to omit 
cholangiography during cholecystectomy 
should closely examine the criteria on which 
he bases his decision. 


holangiography at the time of 
cholecystectomy has evolved 
over the past 40 years? into a safe 
and reliable method of detecting un- 
suspected common duct stones.’ In 
addition, the incidence of choledo- 
chostomy is substantially reduced 
where cholangiographic information 
is available, as opposed to the use of 
purely clinical and operative indica- 
tions for common duct exploration.‘ 
On the other hand, routine operative 
cholangiography requires additional 
operating time’ and is not without er- 
rors and pitfalls.° For these reasons, 
the use of cholangiography in every 
cholecystectomy has been questioned.’ 
In the past seven years, I have not 
performed cholangiography in every 
patient undergoing cholecystectomy 
but have omitted the procedure in se- 
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lected patients with (1) a solitary 
gallbladder stone, (2) a cystic duct of 
minute diameter, ie, about 1 mm or 
less, (3) acute cholecystitis operated 
on when regular roentgenographic 
technical personnel were not avail- 
able, (4) cholecystectomy as an inci- 
dental procedure. The purpose of this 
study is to compare the long-term re- 
sults of cholecystectomy in patients 
in whom operative cholangiography 
was selectively omitted to the results 
obtained in patients who had oper- 
ative cholangiography at the time of 
cholecystectomy. By this comparison 
it is hoped to determine whether or 
not the four criteria cited above are 
valid reasons for omitting operative 
cholangiography. 


Clinical Material and Methods 


One hundred six patients undergoing 
cholecystectomy from 1966 to 1978 were se- 
lected for the study according to the fol- 
lowing criteria: (1) none of the patients 
had an obvious indication for common duct 
exploration such as persistent jaundice, 
stone(s) palpable in the common duct or 
common duct stone demonstrated on pre- 
operative cholangiogram; (2) all the pa- 
tients were available for follow-up by of- 
fice or clinic visit, correspondence with 
other physicians, or a patient question- 
naire; (3) the author was present at the 
time of cholecystectomy. The 106 patients 
consisted of 54 males and 52 females rang- 
ing in age from 14 to 81 years. (The pro- 
portionately large number of males is due 
to a group of patients referred by the De- 
partment of Veterans Affairs, Canada.) 
Operative cholangiography was done in 72 
patients and omitted in 34 (solitary stone, 
10 patients; minute cystic duct, "3; acute 
cholecystitis operated on “after hours,” 11; 
incidental cholecystectomy, 5). The distri- 
bution of males and females in cholangio- 
gram and non-cholangiogram groups is 
uniform with 33 males and 39 females in 
the cholangiogram group. The follow-up 
period ranges from 6 to 92 months and 
averages 34 months. 

Technique of Cholangiography.—The cys- 


tic duct is cannulated with a flanged 19- 
gauge polyethylene cannula and the tip of 
the cannula is advanced into the common 
duct. The cannula is secured with a 00 cot- 
ton tie. Roentgenograms are taken after 
the slow injection of 2 and 15 ml of 25% 
diatrizoate sodium.* Roentgenograms are 
interpreted by the surgeon in the oper- 
ating room and immediate radiological 
consultation is obtained in difficult situ- 
ations. 


Results 


The immediate benefit of operative 
cholangiography was the finding of 
unsuspected common duct stones in 
three of 39 patients (7.7%) who had no 
clinical or operative indication to ex- 
plore the common bile duct. In addi- 
tion, common duct exploration was 
avoided in all but six of 33 patients 
(18.1%) who had one or more of the 
clinical and operative indications to 
explore the common duct such as pan- 
creatitis, history of jaundice, and 
small stones. Stones were recovered 
from the common duct in eight of the 
nine patients in whom the duct was 
explored. Analysis of the anesthetic 
time in the cholangiogram and non- 
cholangiogram groups revealed that 
an operative cholangiogram added an 
average of 23 minutes to the anes- 
thetic time for cholecystectomy. 

The follow-up data indicate that 
the patients having operative chol- 
angiography have fared better than 
the non-cholangiogram group, even 
though the latter group was a se- 
lected one. One patient in the chol- 
angiogram group of 72 (1.4%) was 
reoperated on 11 months after cho- 
lecystectomy. At the second oper- 
ation, two stones were recovered 
from the lower end of the common 
bile duct. These stones were similar to 
those found in the gallbladder at cho- 
lecystectomy but escaped detection 
by a technically adequate cholangio- 
gram. The remaining 71 patients are 
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Sex/Age,yr - Omitt 
M 75 Acute cholecystitis 
M 55 Solitary stone 


Acute cholecystitis 


M 65 


Incidantal cholecystectomy 


alive and well without clinical evi- 
dence of common dact stone. Follow- 
up data in the 34 >atients in whom 
eperative cholangiography was se- 
lectively omitted reveal that serious 
pathological findings in the common 
duct were probably overleoked at the 
time of chnoleeystectomy in four pa- 
tients (1L®%). The overlooked lesions 
in the common duct consisted of com- 
mon duc: stones originating in the 
gallbladder in one patient, a soft pri- 
mary type of common duct stone in 
ene patien-, a bile duct carcinoma in 
one patient, and a probable common 
duct stone in one patient, as evi- 
denced by a markecly elevated serum 
alkaline phosphatase level and a prob- 
able stone demonstrated on an intra- 
venous cholangiogram (Table). 


Comment 


One of tae important results of op- 
erative chelangiography is the find- 
ing of unsuspected common duct 
stones in patients who have none of 
the accepted clinica. or operative indi- 
cations for choledechostemy’ at the 
time of chelecystectomy. The 7.7% in- 
eidence ef unsuspeeted common duct 
stones detected by cholangiography 
in this stacy compares with the 5% in- 
eidence nosed by Bardenheier et al.” 
It has been suggested that these 
stones will remain silent throughout 
the remaiader of the patient’s life 
and failing te detect these stones is 
net as serious an oversight as it may 
seem. This view may arise from the 
lack of long-term follow-up data in 
the literature on patients undergoing 
cholecysteetomy. The follow-up data 
on the patents in this series suggest 
that overlcoked stones do not, in fact, 
remain silent since three patients in 
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Follow-Up 
Common duct stones 
Primary common duct 

stone 
Persistent elevation 
alkaline phosphatase, 
probable stone on 
intravenous cholangiogram 
Whipple operation for 
carcinoma of common 
bile duct 





the entire group of 106 have already 
been operated on for overlooked com- 
mon duct stones after an average fol- 
low-up of 34 months. 

Another immediate benefit of oper- 
ative cholangiography is a reduction 
in the number of patients in whom 
choledochostomy is required at the 
time of cholecystectomy and a corre- 
sponding increase in the percent of 
positive explorations of the common 
duct." In the 72 patients having oper- 
ative cholangiography 33 (45.8%) had 
one or more clinical and operative in- 
dications for choledochostomy. Using 
operative cholangiographic indica- 
tions for choledochostomy, only nine 
patients (12.5%) were actually ex- 
plored and results of eight of the nine 
explorations (88.9%) were positive. 
Follow-up to date has revealed one 
patient (1.4%) with a false-normal 
cholangiogram. The false-normal chol- 
angiogram is also an uncommon find- 
ing in the experience of others.'*:" 

The primary purpose of this study 
is to examine the criteria used to se- 
lectively omit operative cholangiog- 
raphy. The criteria are obviously 
open to criticism in the light of the 
11.8% incidence of residual common 
duct pathological findings (stones and 
carcinoma) in those patients in whom 
cholangiography was omitted, as com- 
pared to a 1.4% incidence in patients 
having cholangiography (P<.005, ie, 
there is less than one chance in 200 of 
this result happening by chance 
alone). The solitary stone criterion 
has the flaws that the finding of a 
large nonfacetted stone in the gall- 
bladder does not exclude a small stone 
in the common duct, nor a primary 
common duct stone, as occurred in 
one patient. The failure to perform 


cholangiography where the cystic 
duct is of minute caliber was 


prompted by the unlikely possibility K 


of a stone traversing such a duct and 
by a reluctance to directly needle the 
common duct because of postopera- 
tive bile leakage. The possible flaws 
in this criterion are that primary 
stones may escape detection and that 
the caliber of the cystic duct may be 
reduced by inflammation after stones 
have passed into the common duct. 
The incidental cholecystectomy crite- 
rion appears to be a valid one under 
certain circumstances. Obviously, 
careful preoperative evaluation will 
reduce the number of times gall- 


stones are encountered unexpectedly 


and preparations for cholangiography 
have not been made. However, I be- 
lieve that where gallstones are dis- 
covered during the course of another 
abdominal operation, cholecystec- 
tomy should be done if the exposure 
and condition of the patient warrant 
it because of the frequency of acute 
cholecystitis as a postoperative com- 
plication. Of the criteria used here to 
omit cholangiography, the most valid 
one concerns the availability of good 
technical personnel. To substitute 
poor-quality roentgenograms for good 
surgical judgment would be a seri- 
ous error. 


References 


1. Mirizzi PL: La cholangiografia du- 
rante las operaciones de las vias biliares. 
Bol Trabajos Soc Cir Buenos Aires, 
16:1133-1161, 1932. 

2. Mirizzi PL: Operative Pa a- 
phy. Surg Gynecol Obstet 65:702-710, 1937, 

3. Adams JD, Haisten AS: Operative 
ciom gioatopuy Its value in the unsus- 
pected choledochal stone. Surg Clin North 
Am 52:333-340, 1972. 

4. Kakos GS, et al: Operative cholangi- 
ography during routine pag weer ie A 
review of 3,012 cases. Arch Surg 104:484- 

8, 1972. 

A Glass ta ae hina a Se eng S 
cholangiography. Surge é ’ : 

6. Hell, MA. Samaa N, Paveira MD: 
The applicability of immediate k apr a 
pe, ag Surgery 43:288-293, 1958. 

7. Taylor : Routine operative chol- 
angiogram. Surg Gynecol Obstet 136:976- 


8. Hur KB, et al: Use of a dye-dilution 
technique to demonstrate biliary calculi in 
the operative cholangiogram. Ann Surg 
176:663-668, 1972. 

9. Bartlett MK, Waddell WR: Indica- 
tions for common duct exploration: Eval- 


Nonroutine Operative Cholangiography/Thurston 513 











ETETE eae Tie? 
po A F 
Sy HAN m 


N 


T E 


PEENE, Rhy 


a 


ae EE 


alb: it 


Waele 


Te PR EP ea tae 


tah ee Ses Call 
7 "d 


-— iaaa a N A 
ee 


FR OEREN ee: 
CARE. n 
E ATA 


SPE TELS VS EET 
ao ee Nic; Pee | SPICE oe eae eS 
t r Y n xr T= J py 


uation of 1,000 cases. N Engl J Med 
258:164-167, 1958. 

10. Bardenheier JA III, et al: Ten-year 
experience with direct cholangiography. 
Am J Surg 118:900-905, 1969. 


11. Wheeler MH, Sompong R, Williams _ 


JA: Operative cholangiography: Its effect 
on the practice of cholecystectomy. Br Med 
J 4:161-164, 1970. 
12. McEvedy BV: Routine operative chol- 
os | Saghialorel r J Surg 57:277-279, 1970. 
3. Acosta JM, et al: Operative chol- 
angiography. Arch Surg 99:29-32, 1969. 


Discussion 


Jack D. McCartuy, MD, Albuquerque, 
NM: Dr. Nora and his colleagues have ap- 
proached a difficult problem. They are at- 
tempting to delineate a group of patients 
that we all see from time to time, those pa- 
tients who seem to have biliary colic but 
whose roentgenographic studies do not 
support that diagnosis. 

As they point out, the only specific his- 
torical criterion in these patients that is 
valid is that of the typical biliary colic. 

They also insist that the patients have 
this phenomenon of prolonged visualiza- 
tion, and then, they recommend the cho- 
lecystokinin cholecystography. 

It is important that they notice that the 
contractions seem to be abnormal, al- 
though the methods for gauging that, I 
think, are difficult for most of us to appre- 
ciate. 

The mere fact that the gallbladder is 
slow to empty is a point that we have not 
spent a great deal of attention learning 
heretofore, and they point out that the vol- 
ume has to decrease at least by 50%. 

It is interesting that in the operated 
group all patients seem to be free of bili- 
ary colic. That would be a reasonably 
strong argument that, indeed, the oper- 
ation that was done was correctly selected. 

I think several questions might be 
raised: How repeatable is this phenomenon 
of prolonged visualization? I might point 
out that Nilsson and Stattin (Acta Chir 
Scand 133:648-652, 1967) showed that the 
gallbladder was slow to empty in women in 
the progestational phase of the menstrual 
cycle. I think that fits very well with what 
we have come to know of the gallbladder 
emptying during the stages of pregnancy. 
It may be that the stage of the menstrual 
cycle during which these studies are done 
is important. 

I think the authors should be congratu- 
lated on their attempts to add a study of 
physiology to the diagnosis of a difficult 
problem. 

Could I take a moment, too, to discuss 
the next article? 

When Dr. Thurston began, I thought 
that the conclusion was going to be con- 
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` trary to the one that he came to, and I was 


delighted to see that it was not so. 

I believe that the day has long since 
passed when nonroutine cholangiography 
at the operating table should be accepted. 

LAWRENCE DENBESTEN, MD, Iowa City: 


--Dr. Nora and his colleagues are to be con- 


gratulated in directing our attention to a 
group of patients who have frequently 
been neglected by surgeons or treated sim- 
ply with cholecystectomy on the basis of 
imprecise indications and unpredictable 
outcome. 

Coincidentally, in a parallel study, we 
have reached similar conclusions. Our 
study has been somewhat different in that 
it has included the following studies preop- 
eratively: cholecystokinin cholecystogram 
monitored by cineradiography; biliary or 
duodenal aspiration to determine the com- 
position of bile; and common duct ma- 
nometry at the time of operation. These 
studies have allowed us to identify certain 
distinct entities that group around this 
syndrome of acalculous cholecystitis. 

The first is a group of patients that we 
have characterized as having neuromuscu- 
lar hypotonia. These patients may have 
positive or negative reactions to a cho- 
lecystokinin test, but rather character- 
istically have bile saturated or super- 
saturated with cholesterol. The gallbladder 
does not contract well with fat, and dye is 
frequently present in the gallbladder for 
several days. The second is a group that 
has neuromuscular dystonia or the biliary 
dyskinesia. These patients have a very 
positive reaction to a cholecystokinin test, 
positive in terms of pain; usually have nor- 
mal bile in terms of cholesterol concentra- 
tion; but must be distinguished from a 
third group that have cystic duct obstruc- 
tion, and from a fourth group that have 
dysfunction of the ampulla of Vater. Pa- 
tients with high opening ampullary pres- 
sure may have a positive reaction to a cho- 
lecystokinin test but will continue to be 
symptomatic unless sphincteroplasty is 
added to cholecystectomy during lap- 
arotomy. 

I mention these types of biliary dysfunc- 
tion because cholecystokinin cholecystog- 
raphy alone will fail to clarify the cause of 
biliary colic in a certain number of pa- 
tients. Although those with ampullary dys- 
function will have a positive reaction to a 
cholecystokinin test, cholecystectomy alone 
will not resolve the symptoms, and only as 
attention is directed toward the ampulla 
will these patients be asymptomatic after 
operation. 

I would like to ask two questions: Have 
the authors measured or examined the 
relative composition of bile in terms of 
cholesterol, phospholipids, and bile acid? 





Have they had any experience with the use 
of intraoperative common duct manometry? 

FREDERIC W. Taytor, MD, Indianap- 
olis: This is an important study and it is 
hoped Dr. Thurston will continue to a 
larger series, possibly with more critical 
and sensitive screening of the preoperative 
patients. His four criteria are too simple. 
Certainly antecedent history should be 
given more thought and value, especially 
the degree and nature of pain and jaun- 
dice. Operative findings should also weigh 
more strongly in a decision for cholangi- 
ography. 

I am a strong advocate of the operative 
cholangiogram. It it is the word routine 
placed before the term to which I object. 

In this country some 10% to 15% of pa- 
tients with gallstones have common duct 
stones. In most of these, the diagnosis is 
suggested from the history. Are we justi- 
fied in doing an operative cholangiogram 
on everyone on the sidelines? Can we not 
steer a more accurate course? If any fac- 
tor, sign, or symptom remotely suggests 
the possibility of common duct stone, then 
a cholangiogram is mandatory. Its great- 
est value lies in its use to avoid a cho- 
ledochotomy or its use postoperatively to 
make sure a stone has not been left behind. 
The course then followed must be weighed 
with the realization that false shadows are 
a way of life and accepted as being in the 
range of 10%, one of nine in the present re- 
port (11%). This brings the diagnostic 
value nearly to that that can be achieved 
clinically and at operation. 

Though the figures given here today are 
small, I would like to take issue with them. 
First, it would be interesting to go more 
carefully into the histories of patients with 
unsuspected stones to see if in some way 
these might suggest common duct stone. 
Second, in those four patients not having 
an operative cholangiogram who later had 
complications, I doubt that the procedure 
would have prevented their subsequent 
trouble. The guidelines used to separate 
the groups were ignored in two patients, in 
a third an overlooked stone was assumed 
and not surely identified, and, in that 
amazing windfall, a cancer of the common 
duct apparently was operated on without 
any of the expected signs or symptoms. I 
would like to know more of him. Mine are 
all jaundiced. 

The incidence of unsuspected common 
duct stone in Western Canada seems to be 
considerably higher than that reported 
elsewhere. If it continues at that level, 
then perhaps a routine cholangiogram 
should be the order of the day. I have no 
figures to indicate our own incidence, but 
would like to cite a similar prospective 
study of a large group from Milwaukee re- 
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ported last year by Saltzstein et al (Arch 
Surg 107289-291, 1973). His conclusions 
were the seme as those from Edmonton, 
but his figures leave much in doubt. In 361 
operative cholangiograms in patients with 
ne clinica! indicatior for exploring the 
eammon duet, abnormal films were found 
im 2.7%. In these, 1.2% had stones. That 
1.8% is a very small yield for so much ef- 
fort and possible error. In the same series, 
but in the group with clinical indication for 
eommon dac exploration, half had normal 
eholangiogrems and thus avoided choled- 
echotomy. This is the true indication for 
this procedure, namely to avoid added op- 
erative risk and morbidity or opening the 
common ducs. 

In most reports, a small group of silent 
duct stones, eompletely unsuspected by pa- 
tient or surgeon, and found by operative 
chelangiogram are extibited. This finding 
and their removal is proclaimed by the sur- 
geen as savng the patient from a fate 
worse than death, proof positive for the 
universal use-of cholangiography. It just so 
happens tha: this incidence closely ap- 
proximates tae silent stones found at au- 
tepsy in patients with caolelithiasis but dy- 
ing of causes not remotely related, 4% in 
the Cook County series (Arch Surg 79:514 
536, 1959). Perhaps these particu_ar stones 
should be allewed to remain silent and in 
the common euct. 

Operative eholangiogram has an inter- 
esting history. It started with a ew abor- 
tive attempts at givirg the dye orally. 
Credit for operative dye injection goes to 
Mirizzi of Cordoba, Argentina. This was 
more than 4) years ago and it was imme- 
diately considered a very important diag- 
nostic tool. However, it raised many argu- 
ments for aad against, as a routine 
procedure, and was not accepted as such. 
The reasons for this are known to us all 
and some of these have been noted by Dr. 
Thurston. Thea, after taree hesitant dec- 
ades, routine «perative cholangiogram be- 
came the surgizal password, proclaimed by 
all from Seatte te Stockholm as the pan- 
acea to save mankind. If anyone dares 
challenge routne, he immediately becomes 
a questionable character who should not 
associate with -he upper crust. It might be 
inferred that those advccates must be on 
the defensive for fear of losing their cause. 

In unskilled hands, the operative chol- 
_ angiegram is met without danger. There is 
the possibility of injury to the common 
duct or a man4nduced pancreatitis. Some 
years ago in eur community, cholangio- 
grams were done on two patients with 
common duct osstruction The dye readily 
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demonstrated stones completely obstruct- 
ing the sphincter. It also outlined all parts 
of the pancreas, into which it had been 
forced from a syringe under pressures 
causing rupture of the acini. The result 
was a fulminating pancreatitis from which 
neither patient survived. This may well be 
the mechanism by which some cases of 
pancreatitis are produced following cho- 
lecystectomy, rather than the commonly 
accepted cause of direct external trauma 
to the gland. 

C. ALLEN WALL, MD, San Francisco: Dr. 
Thurston has focused on the wisdom of 
“selective” operative cholangiography. 

In 1956 we reported on 444 patients sub- 
jected to routine operative cholangiog- 
raphy during biliary tract surgery. Our 
data suggested that perhaps the procedure 
was unnecessary in 17% of the patients, 
primarily those with a solitary, egg-sized 
gallstone who had not been jaundiced. The 
absolute need for cholangiography in this 
group is still controversial. 

In 1958 we reported a study of 468 pa- 
tients who underwent operation for acute 
cholecystitis, exploring the common duct in 
36% of the patients and recovering stones 
in approximately half of these for an over- 
all incidence of 19%. This 19% recovery rate 
compared favorably with a 22% rate from 
our earlier series of elective patients. And 
if we accept conceptually that acute cho- 
lecystitis is merely a complicating incident 
of chronic calculous disease, we can under- 
stand why the incidence of common duct 
stones is similar, why the same surgical 
principles should apply, and why operative 
cholangiography is just as useful with the 
acute patient. 

We also wondered with the “routine” 
availability of operative cholangiography 
and with improved standards of surgical 
competence whether there was a place for 
“selective” operating room judgment omis- 
sion of cholangiography. 

One of our residents, Dr. Birkenhagen, 
addressed himself to this problem and re- 
viewed the records of 95 patients who had 
stones removed from the common duct 
during the past five years. Seventeen of 
the 95 patients had undergone cholecystec- 
tomy within three years prior to the second 
operation. Had operative cholangiography 
been properly done, perhaps 15 of the 17 
patients could have been spared a second 
operation. 

Equally important were 11 other pa- 
tients where the surgeon explored the 
duct, removed stones, felt that there were 
no more, repeated the cholangiogram, and 
saw at least one additional retained stone 
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that he then removed. 


During the past 20 years, surgical com- 


petence with biliary tract surgery has 


clearly been enhanced with the routine use 


of operative cholangiography. 

I agree with Dr. Thurston that evidence 
to date supports the view that it is indeed 
imprudent to omit operative cholangiog- 
raphy prior to closing the abdomen in most 
instances. 

Dr. Nora: I think one has to be hesitant 
in presenting such a study, because what 
we are trying to avoid here is the plethora 
of unnecessary cholecystectomies; rather 
we are trying to deal with a problem that 
all surgeons face in clinical practice: the 
patient who has symptoms of gallbladder 
disease and on whom you want to do a de- 


finitive and, if possible, curative procedure. 
In reference to Dr. McCarthy’s question 


about prolonged visualization, at this time 
we certainly feel cholecystokinin cho- 
lecystography is indicated, and I do not 
think prolonged visualization alone would 
be criterion enough for us to suggest cho- 
lecystectomy. Rather, we would feel that 
one had to have at least three of four crite- 
ria, particularly duplication of symptoms; 
we would suggest that these people have a 
course of medical therapy and then, if the 
patients were refractory, we would sug- 
gest cholecystectomy. 

In reference to Dr. DenBesten’s com- 
ment, certainly I would agree that proba- 
bly biliary drainage does have a place in 
conjunction with cholecystokinin cho- 
lecystography. This has been extensively 
reported by the group at Jefferson some 
years ago. Really, it is interesting when 
you do operate on these people, because 
you can frequently open the gallbladder 
and the diagnosis is obvious. You do have 
excessive saturated bile. 

As far as biliary manometry goes, I 
must admit that I have some built-in bias 
about biliary manometry. 

I have observed some other people doing 
biliary manometry, and the lack of pre- 
ciseness of the test has made me shy away 
from this test as a useful tool in making 
judgments, but I am sure in such appropri- 
ate hands as Dr. McCarthy’s, it probably 
has some real value. 

Dr. THuRSTON: Dr. Taylor wrote a very 
thoughtful editorial on this subject (Surg 
Gynecol Obstet 136:976-977, 1973). I realize 
that the final word on operative cholangi- 
ography has not yet been stated, but I 
would commend this editorial te anyone 
who has not read it. 








A unique view of the gallbladder, from the inside looking out, 
by means of a true-to-life plastic model. 


1. Artist's conception of cutaway view of gallbladder contain- 
ing stones which, by causing irritation of the organ’s interior 
wall and restricting biliary flow, may play a role in the re- 
peated episodes of inflammation and infection associated 
with chronic cholecystitis. 

2. Artist's conception of microscopic section of gallbladder 
wall showing chronic state with superimposition of inflam- 
mation, edema and necrosis due to an acute episode. 
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Vibramycin (doxycycline) 
penetrates gallbladder tissue to 
reach susceptible pathogens 
Vibramycin can be useful in 
cholecystitis because it provides a wide 
antibacterial spectrum and therapeutic 


tissue concentrations? Vibramycin 
is active against susceptible strains 











Concentrations of oral Vibramycin in gallbladder tissue ] of bacteria 


removed from four surgical patients on a dosage of 


200 mg. P.O. stat and 100 mg. P.O. once daily until surgery: | including Escherichia 





Patient Concentration in Tissue | coli and FE ntero- 
No. (mcg./Gm.) ose ee 
1 5.80" _bacter aerogenes 
3 Ap (formerly Aerobacter 
hein che E. _| aerogenes). 








1. Because not all strains of pathogens are susceptible, it is recommended 
that routine culture and susceptibility tests be performed. 

2. Fabre, J. et al.: Schweiz. Med. Wochenschr. 97:915, May 17, 1967. 

3. Concentration in the bile taken simultaneously: 24.2 mcg./ml. 


VibramycinlV. 


(doxycycline hyciate for injection) 


100-mg. vials containing doxycycline hyclate equivalent 
to 100 mg. doxycycline with 480 mg. ascorbic acid. 
200-mg. vials containing doxycycline hyclate equivalent 
to 200 mg. doxycycline with 960 mg. ascorbic acid. 
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See Brief Summary on following page for information on side effects and contraindications. 
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Important facts about 
Vibr amycin (doxycycline) 


= can maintain therapeutic blood 
levels with a single daily infusion 


= can be used without complexities 
of dosage alteration in patients with 
impaired renal function 


= does not significantly elevate BUN 
in patients with renal insufficiency 


€" virtually the same broad range 
of indications when switching from 
I.V. to oral form 


“Because not all strains of pathogens are susceptible, it is recommended that routine culture 
and susceptibility tests be performed. 


Vibramycin® Hyclate (doxycycline hyclate) and 

Vibramycin® I.V. (doxycycline hyclate for injection) 

BRIEF SUMMARY 

Contraindicated: In persons hypersensitive to any of the tetracyclines. 


Warnings: Use of tetracyclines during the last half of pregnancy, infancy and childhood to 
the age of 8 years may cause permanent discoloration of developing teeth. This is more 
common during long-term use of the tetracyclines but has been observed following repeated 
short-term courses. Enamel hypoplasia has also been reported. Thus, tetracyclines should 
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contraindicated. Individuals receiving tetracycline antibiotics should be advised that direct 
sunlight or ultraviolet light can cause photosensitivity reactions. If these reactions 
(exaggerated sunburn) occur, discontinue therapy. Doxycycline forms a stable calcium 
complex in any bone -forming tissue. Fibula growth has been decreased in prematures given 
oral tetracyclines 25 mg./kg. q. 6 h., but this reaction was reversible when the drug 

was discontinued. 

The antianabolic action of the tetracyclines may cause an increase in BUN. Studies to date 
indicate that this does not occur to a significant degree with the use of Vibramycin in 
patients with impaired renal function. 

Vibramycin Intravenous has not been studied in pregnant patients. It should not be used 
in pregnant women unless, in the judgment of the physician, it is essential for the welfare of 
the patient. 

Animal studies indicate that tetracyclines cross the placenta, are found in fetal tissues and 
can have toxic effects on the developing fetus. Evidence of embryotoxicity has also been 
noted in animals treated early in pregnancy. 

The use of Vibramycin Intravenous in children under 8 years is not recommended because 
safe conditions for its use have not been established. 


Tetracyclines are present in the milk of lactating women who are taking a drug in this class. 





Precautions: Overgrowth of nonsusceptible organisms may occur, including fungi. If such 
superinfections are encountered, discontinue Vibramycin and institute appropriate therapy. 

In venereal disease when coexistent syphilis is suspected, a dark -field examination should 
be done before initiating therapy. Conduct monthly serological tests for at least 4 months. 

Because tetracyclines depress plasma prothrombin activity, patients on anticoagulant 
therapy may require downward adjustment of their anticoagulant dosage. 

In long-term therapy, conduct periodic laboratory evaluation of organ systems, including 
hematopoietic, renal and hepatic. 

Treat all Group A beta-hemolytic streptococcal infections for at least 10 days. 

Avoid giving doxycycline with penicillin because of possible interference with penicillin 
activity. 

Antacids containing aluminum, calcium, or magnesium impair absorption and should not 
be given concomitantly to patients taking oral Vibramycin. 


Adverse Reactions: Anorexia, nausea, vomiting, diarrhea, glossitis, dysphagia, enterocolitis, 
inflammatory lesions (with monilial overgrowth) in the anogenital region, maculopapular 
and erythematous rashes, exfoliative dermatitis, photosensitivity, urticaria, angioneurotic 
edema, anaphylaxis, anaphylactoid purpura, pericarditis, exacerbation of systemic lupus 
erythematosus, hemolytic anemia, thrombocytopenia, neutropenia and eosinophilia have 
been reported. Prolonged administration of tetracyclines may produce brown-black 
microscopic discoloration of thyroid glands. No abnormalities of thyroid function studies 

are known to occur. Bulging fontanels have been reported in young infants on therapeutic 
dosage but disappeared when the drug was discontinued. A dose-related rise in BUN has 
been reported. 


Oral Adult and Children’s Dosages: See the Vibramycin Oral package insert for 
recommended dosage schedules for adults and children. 


Intravenous Dosage and Administration: Note: Rapid administration is to be avoided. 
Parenteral therapy is indicated only when oral therapy is not indicated. Oral therapy should 
be instituted as soon as possible. If intravenous therapy is given over prolonged periods of 
time, thrombophlebitis may result. 

The usual dosage and frequency of administration of Vibramycin 1.V. (100-200 mg./day) 
differs from that of the other tetracyclines ( 1-2 Gm./day). Exceeding the recommended 
dosage may result in an increased incidence of side effects. 

Studies to date have indicated that Vibramycin, at the usual recommended doses, does not 
lead to excessive accumulation of the antibiotic in patients with renal impairment. 


Intravenous Adult Dosage: The usual dosage of Vibramycin |.V. is 200 mg. on the first day 
of treatment administered in one or two infusions. Subsequent daily dosage is 100 to 
200 mg. depending on the severity of infection, with 200 mg. administered in one or two 
infusions. 

In the treatment of primary and secondary syphilis, the recommended dosage is 300 mg. 
daily for at least 10 days. 
Intravenous Children’s Dosage: The recommended dosage schedule for children weighing 
100 pounds or less is 2 mg./lb. of body weight on the first day of treatment, administered in 
one or two infusions. Subsequent daily dosage is 1 to 2 mg./lb. of body weight given as one 
or two infusions, depending on the severity of the infection. For children over 100 pounds 
the usual adult dose should be used. (See “Warning” Section for Usage in Children.) 


General: The duration of infusion may vary with the dose (100 to 200 mg. per day), but is 
usually one to four hours. A recommended minimum infusion time for 100 mg. of a 

0.5 mg./ml. solution is one hour. Desired concentrations of the final solution should be 

0.2 mg./ml. to 0.5 mg./ml. Concentrations below 0.1 mg./ml. or above 1.0 mg./ml. are not 
recommended. Therapy should be continued for at least 24-48 hours after symptoms and 
fever have subsided. The therapeutic antibacterial serum activity will usually persist for 

24 hours following recommended dosage. 

Intravenous solutions should not be injected intramuscularly nor subcutaneously. Caution 
should be taken to avoid the inadvertent introduction of the intravenous solution into the 
adjacent soft tissue. 

More detailed professional information available on request. 
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Endoscopic Cannulation 
of the Papilla of Vater 


Walter D. Gaisford, MD, Salt Lake City 


The first 65 attempts at cannulation of the 
papilla of Vater via the duodenal fiberen- 
doscope were successful in 62 (95%) pa- 
tients with the desired duct demonstrated 
in 57 (92%) patients. Of 62 successful can- 
nulations, 12 patients had selective 
pancreatography, 13 had selective cho- 
langiography, and 37 had combined cho- 
langiopancreatography. Pathological find- 
ings included pancreatic carcinoma, 
pancreatitis, gallstones, common duct 
stones, and biliary ductal carcinoma. In 17 
jaundiced patients, nine normal cholangio- 
grams were obtained that avoided surgical 


iagnosis of biliary and pancreatic 
disease is often difficult, and 
better diagnostic techniques are 
being sought to assist the surgeon in 
making an earlier and more accurate 
diagnosis. As early as 1968, McCune 
et al’ reported a preliminary experi- 
ence with cannulation of the duodenal 
ampulla and injection of contrast ma- 
terial into the pancreatic duct. Newer 
endoscopic techniques with a side- 
viewing duodenal fiberscope were de- 
veloped successfully by Japanese 
investigators,?* introduced and devel- 
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exploration. In 14 patients, gastroduoden- 
oscopy at the time of cannulation revealed 
significant mucosal pathological findings 
pertinent to the patient’s symptoms. No sig- 
nificant complications occurred in any pa- 
tients. 

Endoscopic cannulation of the papilla of 
Vater is proving to be a valuable, practical, 
low-risk procedure that can significantly in- 
crease diagnostic accuracy in biliary-pan- 
creatic disease and that helps avoid the risk, 
discomfort, and inconvenience of surgical 
exploration in a substantial number of pa- 
tients. 


oped in America by Vennes and Sil- 
vis,’ and also reported from Europe.** 
These newer techniques allow eval- 
uation of the biliary ductal system in 
the jaundiced patient and are the 
first nonoperative methods of study- 
ing the pancreatic ductal system. 
Roentgenographic visualization of 
both these ductal systems is now a 
practical and valuable endoscopic 
technique that avoids the undesirable 
risk of surgical exploration or other 
invasive diagnostic approaches. The 
ductal orifices on the papilla of Vater 
are identified through a side-viewing 
fiberoptic duodenoscope, and contrast 
material is injected through a can- 
nula inserted into one or both ductal 
systems. The experience to date has 
shown this technique to be safe and 
practical, and it promises to have an 
important role in the evaluation and 
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ə 125-cm duodenal fi- 
_ «ipus, model JF-B)* was used 
.iimation of the lower part of the 
wmach, duodenum, and cannulation of 
the papilla of Vater. This instrument is 
equipped with channels for irrigation, suc- 
tion, air insufflation, washing of lens, and 
biopsy. Air insufflation, washing of lens, 
and suction are easily controlled by means 
of trumpet valves at the head of the in- 
strument. Four-directional flexible angula- 
tion of the tip of the scope is controlled by 
the operator at the handle of the scope. 
The Teflon cannula is 1.7 mm in external 
diameter, has a tapered distal tip, and has 
three black circumferential marking rings 
on the distal 1.5 em of the cannula for de- 
termining depth of insertion. The cannula 
is passed through the biopsy channel of the 
fiberscope and the tip of the cannula (or 
the biopsy forceps) can be elevated by a 
control lever at the handle of the scope for 
accurate guidance of the cannula tip into 
the orifice on the papilla. A cold light sup- 
ply was provided by a xenon lamp source 
(Olympus, model CLX). 


Patients and Indications 


The 65 patients in this article ranged in 
age from 24 to 85 years. The indications 
for the study divide into three major 
groups that are partly interrelated: per- 
sistent cholestatic jaundice (17 patients), 
suspected recurrent biliary tract problems 
(19 patients), and suspected pancreatic dis- 
ease (29 patients). The usual barium con- 
trast roentgenographic studies, oral and 
intravenous cholangiography, function 
tests, liver scans, and serum chemistry de- 
terminations had failed to make a diag- 
nosis in these patients. 


Patient Preparation 
and Technique 


Fifteen of the 65 patients studied were 
examined as outpatients. The remaining 50 
patients were examined as inpatients dur- 
ing the course of a hospital admission 
work-up. After a six- to eight-hour fast, 
the patient was brought to the radiology 
department where the examination was 
done on a padded fluoroscopic table. An in- 
travenous drip of saline was started in the 
right forearm and the important pharma- 
cologic preparation performed. 

The majority of patients in this series 
were prepared pharmacologically as out- 
lined by Vennes and Silvis’ with intramus- 
cular dicyclomine hydrochloride (Bentyl) 
(60 mg) and atropine sulfate (0.6 mg). 


520 Arch Surg/Vol 108, April 1974 





Fig 1.—Papilla of Vater of hemispherical 
type. Note ductal orifice (arrow). 


More recently, I have eliminated dicyclo- 
mine and atropine and use intravenously 
administered glucagon instead. The pa- 
tient gargles with 20 ml of 0.5% dyclonine 
hydrochloride (Dyclone) and, through the 
intravenous drip, diazepam (Valium) (10 
mg to 20 mg) is slowly administered to ti- 
trate the individual patient to a state of co- 
operative somnolence. Additional small 
amounts of diazepam may be given as 
needed during the procedure. Glucagon 
(1.0 to 2.0 mg) is given intravenously after 
the diazepam at the commencement of the 
procedure. 

With the patient lying on the padded 
fluoroscopic table in the left lateral posi- 
tion, the side-viewing duodenoscope was 
gently passed down the esophagus and 
through the stomach and duodenal bulb 
into the descending duodenum. When de- 
tailed evaluation of the stomach and 
esophagus were also required, this exami- 
nation was usually performed with the 
end-viewing fiberscope (Olympus GIF-D)° 
after completion of the cannulation proce- 
dure. Minimal irrigation of the descending 
duodenum with water containing a de- 
foaming agent removes mucus bubbles 
that otherwise interfere with clear vision. 
Glucagon has proven to be extremely ef- 
fective in producing a quiet atonic duo- 
denum and usually a relaxed papillary 
smooth muscle mass. It is effective within 
one to two minutes and lasts for 15 to 20 
minutes. This quiet duodenum facilitates 
visualization and cannulation of the pa- 
pilla. 

With the lumen in view, the quiet duode- 
num was carefully examined circumferen- 
tially, a fold at a time. The papilla is usually 
a raised, slightly pink to red excrescence 
on the posterior medial wall, 4 to 6 em be- 
yond the bulb (Fig 1). Often there is an ir- 
regular vertical fold of mucosa inferior to 
the papilla, and in some cases the papilla 


may be partially hidden by a soft hood of 
mucosa folding over the papilla. The verti- 
cal fold, and especially the reddish color of 
the papilla, are key landmarks in identi- 
fying it. During the period of examination, 
the papilla may change its shape from a 
rather flat hemispherical shape to a conical 
excrescence. A second smaller papilla of 
the duct of Santorini may be seen in 15% of 
patients several centimeters proximal to 
the main papilla. On two occasions, the sec- 
ondary papilla was found to be unusually 
larger than the main papilla. 

Identifying the papilla has rarely been a 
problem. The major technical feat is accu- 
rately identifying the ductal orifices and 
then so positioning the scope as to allow 
the cannula to be precisely positioned in 
the ampulla for visualization of the desired 
duct(s). After identifying the papilla, the 
patient is turned slightly from the lateral 
position into the prone position. In this po- 
sition the roentgenograms of both the pan- 
creatic duct and biliary ducts can better be 
interpreted. If for some reason the desired 
duct cannot be satisfactorily cannulated in 
the prone position, the patient can be ro- 
tated back to the left lateral position. The 
scope is brought close to the ductal orifice 
in an en face view, and the cannula is 
gently but confidently advanced into the 
orifice. Cannula depth can be determined 
accurately by directly viewing the marking 
rings on the cannula. The depth is adjusted 
so that it remains engaged during respira- 
tory movements of the patient. In a pa- 
tient with a long common channel, both 
ducts may fill with contrast simultane- 
ously. Where a long-common channel does 
not exist, the directional orientation of the 
cannula tip will determine which duct is vi- 
sualized. As illustrated and discussed well 
by Vennes and Silvis,‘ the pancreatic duct 
tends to lead to the right in the horizontal . 
plane and through the duodenal wall in the 
vertical plane. The common bile duct tends 
to lead off to the left of the pancreatic duct 
and pursues a course nearly parallel to the 
duodenal wall. The pancreatic is usually 
the easier of the two ducts to visualize. To 
enter the common bile duct it is often nec- 
essary to anchor the cannula tip at the pa- 
pillary orifice and rotate the scope counter- 
clockwise. The elevator is adjusted to 
varying degrees as the cannula is ad- 
vanced, and this will result in a curved 
course that directs the cannula tip in the 
direction of the common bile duct. 

When the papilla cannot be readily iden- 
tified or the orifice on the papilla seems to 
be placed in an obscure position, accurate 
identification may be assisted by intra- 
venous bolus injection of 25 mg of indocya- 
nine green dye. Depending on liver func- 
tion, 10 to 20 minutes after dye injection 
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exploration. In 14 patients, gastroduoden- 
oscopy at the time of cannulation revealed 
significant mucosal pathological findings 
pertinent to the patient’s symptoms. No sig- 
nificant complications occurred in any pa- 
tients. 

Endoscopic cannulation of the papilla of 
Vater is proving to be a valuable, practical, 
low-risk procedure that can significantly in- 
crease diagnostic accuracy in biliary-pan- 
creatic disease and that helps avoid the risk, 
discomfort, and inconvenience of surgical 
exploration in a substantial number of pa- 
tients. 


oped in America by Vennes and Sil- 
vis, and also reported from Europe.** 
These newer techniques allow eval- 
uation of the biliary ductal system in 
the jaundiced patient and are the 
first nonoperative methods of study- 
ing the pancreatic ductal system. 
Roentgenographic visualization of 
both these ductal systems is now a 
practical and valuable endoscopic 
technique that avoids the undesirable 
risk of surgical exploration or other 
invasive diagnostic approaches. The 
ductal orifices on the papilla of Vater 
are identified through a side-viewing 
fiberoptic duodenoscope, and contrast 
material is injected through a can- 
nula inserted into one or both ductal 
systems. The experience to date has 
shown this technique to be safe and 
practical, and it promises to have an 
important role in the evaluation and 
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diagnosis of many forms of biliary 
and pancreatic disease. 


Instrumentation 


The side-viewing 125-cm duodenal fi- 
berscope (Olympus, model JF-B)* was used 
for examination of the lower part of the 
stomach, duodenum, and cannulation of 
the papilla of Vater. This instrument is 
equipped with channels for irrigation, suc- 
tion, air insufflation, washing of lens, and 
biopsy. Air insufflation, washing of lens, 
and suction are easily controlled by means 
of trumpet valves at the head of the in- 
strument. Four-directional flexible angula- 
tion of the tip of the scope is controlled by 
the operator at the handle of the scope. 
The Teflon cannula is 1.7 mm in external 
diameter, has a tapered distal tip, and has 
three black circumferential marking rings 
on the distal 1.5 cm of the cannula for de- 
termining depth of insertion. The cannula 
is passed through the biopsy channel of the 
fiberscope and the tip of the cannula (or 
the biopsy forceps) can be elevated by a 
control lever at the handle of the scope for 
accurate guidance of the cannula tip into 
the orifice on the papilla. A cold light sup- 
ply was provided by a xenon lamp source 
(Olympus, model CLX). 


Patients and Indications 


The 65 patients in this article ranged in 
age from 24 to 85 years. The indications 
for the study divide into three major 
groups that are partly interrelated: per- 
sistent cholestatic jaundice (17 patients), 
suspected recurrent biliary tract problems 
(19 patients), and suspected pancreatic dis- 
ease (29 patients). The usual barium con- 
trast roentgenographic studies, oral and 
intravenous cholangiography, function 
tests, liver scans, and serum chemistry de- 
terminations had failed to make a diag- 
nosis in these patients. 


Patient Preparation 
and Technique 


Fifteen of the 65 patients studied were 
examined as outpatients. The remaining 50 
patients were examined as inpatients dur- 
ing the course of a hospital admission 
work-up. After a six- to eight-hour fast, 
the patient was brought to the radiology 
department where the examination was 
done on a padded fluoroscopic table. An in- 
travenous drip of saline was started in the 
right forearm and the important pharma- 
cologic preparation performed. 

The majority of patients in this series 
were prepared pharmacologically as out- 
lined by Vennes and Silvis’ with intramus- 
cular dicyclomine hydrochloride (Bentyl) 
(60 mg) and atropine sulfate (0.6 mg). 
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Fig 1.—Papilla of Vater of hemispherical 
type. Note ductal orifice (arrow). 


More recently, I have eliminated dicyclo- 
mine and atropine and use intravenously 
administered glucagon instead. The pa- 
tient gargles with 20 ml of 0.5% dyclonine 
hydrochloride (Dyclone) and, through the 
intravenous drip, diazepam (Valium) (10 
mg to 20 mg) is slowly administered to ti- 
trate the individual patient to a state of co- 
operative somnolence. Additional small 
amounts of diazepam may be given as 
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(1.0 to 2.0 mg) is given intravenously after 
the diazepam at the commencement of the 
procedure. 

With the patient lying on the padded 
fluoroscopic table in the left lateral posi- 
tion, the side-viewing duodenoscope was 
gently passed down the esophagus and 
through the stomach and duodenal bulb 
into the descending duodenum. When de- 
tailed evaluation of the stomach and 
esophagus were also required, this exami- 
nation was usually performed with the 
end-viewing fiberscope (Olympus GIF-D)? 
after completion of the cannulation proce- 
dure. Minimal irrigation of the descending 
duodenum with water containing a de- 
foaming agent removes mucus bubbles 
that otherwise interfere with clear vision. 
Glucagon has proven to be extremely ef- 
fective in producing a quiet atonic duo- 
denum and usually a relaxed papillary 
smooth muscle mass. It is effective within 
one to two minutes and lasts for 15 to 20 
minutes. This quiet duodenum facilitates 
visualization and cannulation of the pa- 
pilla. 

With the lumen in view, the quiet duode- 
num was carefully examined circumferen- 
tially, a fold at a time. The papilla is usually 
a raised, slightly pink to red excrescence 
on the posterior medial wall, 4 to 6 em be- 
yond the bulb (Fig 1). Often there is an ir- 
regular vertical fold of mucosa inferior to 
the papilla, and in some cases the papilla 
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may be partially hidden by a soft hood of 
mucosa folding over the papilla. The verti- 
cal fold, and especially the reddish color of 
the papilla, are key landmarks in identi- 
fying it. During the period of examination, 
the papilla may change its shape from a 
rather flat hemispherical shape to a conical 
excrescence. A second smaller papilla of 
the duct of Santorini may be seen in 15% of 
patients several centimeters proximal to 
the main papilla. On two occasions, the sec- 
ondary papilla was found to be unusually 
larger than the main papilla. 

Identifying the papilla has rarely been a 
problem. The major technical feat is accu- 
rately identifying the ductal orifices and 
then so positioning the scope as to allow 
the cannula to be precisely positioned in 
the ampulla for visualization of the desired 
duct(s). After identifying the papilla, the 
patient is turned slightly from the lateral 
position into the prone position. In this po- 
sition the roentgenograms of both the pan- 
creatic duct and biliary ducts can better be 
interpreted. If for some reason the desired 
duct cannot be satisfactorily cannulated in 
the prone position, the patient can be ro- 
tated back to the left lateral position. The 
scope is brought close to the ductal orifice 
in an en face view, and the cannula is 
gently but confidently advanced into the 
orifice. Cannula depth can be determined 
accurately by directly viewing the marking 
rings on the cannula. The depth is adjusted 
so that it remains engaged during respira- 
tory movements of the patient. In a pa- 
tient with a long common channel, both 
ducts may fill with contrast simultane- 
ously. Where a long:common channel does 
not exist, the directional orientation of the 
cannula tip will determine which duct is vi- 
sualized. As illustrated and discussed well 
by Vennes and Silvis,’ the pancreatic duct 
tends to lead to the right in the horizontal 
plane and through the duodenal wall in the 
vertical plane. The common bile duct tends 
to lead off to the left of the pancreatic duct 
and pursues a course nearly parallel to the 
duodenal wall. The pancreatic is usually 
the easier of the two ducts to visualize. To 
enter the common bile duct it is often nec- 
essary to anchor the cannula tip at the pa- 
pillary orifice and rotate the scope counter- 
clockwise. The elevator is adjusted to 
varying degrees as the cannula is ad- 
vanced, and this will result in a curved 
course that directs the cannula tip in the 
direction of the common bile duct. 

When the papilla cannot be readily iden- 
tified or the orifice on the papilla seems to 
be placed in an obscure position, accurate 
identification may be assisted by intra- 
venous bolus injection of 25 mg of indocya- 
nine green dye. Depending on liver func- 
tion, 10 to 20 minutes after dye injection 
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Fig 2.—Left, Retrograde cholangiogram showing slightly dilated common bile duct and 
area of slight constriction two years after cholecystectomy and common bile duct explora- 
tion. Right, Leteral view of cholangiopancreatogram in same patient showing short dilated 
cystic duct stump, normal pancreatogram, and Teflon cannula extending 2 cm into com- 
mon bile duct. Apparent filling defect in distal duct is caused by slight angulation of bile 
duct. 


Fig 4.—Left Normal biliary ductal system in 85-year-old patient with deep jaundice sec- 
ondary to drug cholestasis. Note single large gallbladder stone. Right, Lateral view showing 
nermal intrahepatic and extrahepatic ducts. 
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Fig 3.—Normal biliary ductal system in 
patient with cirrhosis and jaundice. Note 
gallbladder stone. 


Fig 5.—Moderate dilation of common bile 
duct with three calculi in distal duct and 
prominent cystic duct remnant. Three years 
after cholecystectomy, patient is highly al- 
lergic to intravenously administered iodipa- 
mide. 
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green-stained bile can be visualized com- 
ing from the orifice of the common bile 
duct on the papilla. This can be especially 
helpful in the occasional case where there 
are two separate orifices on the same pa- 
pilla, one for the pancreatic duct and one 
for the common bile duct. This technique 
was used initially by the author over a year 
ago and has also been reported by Sáf- 
rány.” 

Under careful fluoroscopic control, 2 to 3 
ml of a mixture of diatrizoate sodium and 
diatrizoate meglumine (Renografin 60) is 
injected. This volume may completely fill a 
normal pancreatic ductal system and over- 
distension should be avoided as it may pro- 
duce pancreatitis. Filling or injection pres- 
sure measurements are possible and have 
been studied by T. Kasugai, MD (oral com- 
munication, June 1973). He has recently 
suggested an injection pressure of 100 mm 
Hg. When the biliary tree is simultane- 
ously filling with dye, there is little risk 
of overdistension of the pancreatic duct. 
The duodenoscope may be temporarily 
withdrawn from the duodenum for unob- 
structed roentgenograms of the ductal sys- 
tems and then reinserted and cannulation 
repeated if the other ductal system is to be 
visualized. The normal pancreatic ductal 
system often empties the contrast so rap- 
idly that it is necessary to take spot x-ray 
films with the scope and cannula in place. 
After initial x-ray filming, a delayed ab- 
dominal x-ray film 12 to 15 minutes after 
injection of the pancreatic duct is usually 
taken to determine if there is abnormal 
emptying of the pancreatic or biliary 
ductal system. 

In patients in whom a Billroth II recon- 
struction has been performed after gas- 
trectomy, the entire afferent jejunal loop, 
the duodenum to its stump, and the papilla 
of Vater may be readily visualized via the 
fiberendoscope." Sáfrány has reported suc- 
cessful cannulation of the papilla of Vater 
in eight patients with a Billroth II anasto- 
mosis." 


Results 


Successful intubation of the duode- 
num with the fiberendoscope and 
identification and visualization of the 
papilla of Vater was achieved in all 65 
patients in whom it was attempted. 
Successful cannulation of the papilla 
of Vater was accomplished in 62 pa- 
tients (95%), and the desired ducts 
were demonstrated in 57 (92%) of 62 
patients studied. Failure to cannulate 
in the three patients was attributed 
to the following causes: in one patient 
the papilla had its orifice in a diver- 
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Fig 6.—Left, Dilated intrahepatic bile ducts and apparent high, near-complete obstruction 
of common bile duct suspicious for carcinoma. Normal pancreatogram also shown. Right, 
Same cannulation procedure after manipulation of cannula in common bile duct. Note three 
large common duct stones and filling of distal common bile duct. 


Fig 7.—Cancer of head of pancreas. Intrapancreatic segment of common bile duct is 
nearly totally obstructed. Bile ducts proximally are markedly dilated. Short segment of pre- 
ampullary pancreatic duct is filled to point of total obstruction. 
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ticulum, in one patient the papilla 
was readily visualized but the orifice 
could not to be identified and numer- 
ous attempts at “blind” insertion of 
the tip of the cannula were unsuccess- 
ful, and in one patient vigorous 
duodenal peristaltic movements and 
an uncooperative patient (despite 
heavy sedation) made it impossible to 
successfully cannulate. This relatively 
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high success rate for cannulation is 
attributed to my previous experience 
in identifying the papilla of Vater in 
primates via the duodenoscope and 
the excellent teaching and coaching 
by Vennes who has been a thorough 
and patient teacher of this endoscopic 
technique. 

In five patients, one of the two 
ductal systems was well visualized 
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Fig 8.—Normal panc-eatogear with lateral branching and com- 
piete filling af main duct in tail of pancreas. 


Fig 9.—Pancreatogram showing slightly narrowed and irregular 3- 
cm segment of main duct in head of pancreas compatible with pan- 


creatitis or early neoplasm. 
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Fig 10.—Cholangiopancreatogram and schematic drawing in patient, four weeks after 
cholecystectomy and common bile duct (CBD) exploration for chronic cholecystitis and 
small biliary stones, who developed immediate postoperative pancreatitis and biliary cut- 
aneous fistusa. Note pancreatic abscess-cyst and residual biliary stones. 


Fig 11.—Carcinoma of body cf pancreas with complete obstruction of main pancreatic 
duct near junction of nead and body of pancreas. 
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but the ductal system thought to be 
most important in the patients’ eval- 
uations could not be visualized. In two 
patients the pancreatic ductal system 
could not be demonstrated and in 
three patients the biliary ductal sys- 
tem could not be demonstrated. Even 
in these patients, helpful information 
was obtained from the endoscopy of 
the stomach, duodenum, papilla, and 
from the “other” ductogram. 

Of the 62 successful cannulations, 
12 patients had selective pan- 
creatography, 13 had selective cho- 
langiography, and 37 had combined 
cholangiopancreatography with el- 
ther simultaneous fill of both ductal 
systems or specific selective catheter- 
ization of each ductal system in the 
same patient. Therefore, 49 pan- 
creatograms and 50 cholangiograms 
were obtained. 

Fluoroscopic observation of ductal 
filling with contrast material is not 
only necessary to the accomplishment 
of successful cannulation but valuable 
information can be obtained during 
the injection of contrast medium into 
the biliary and pancreatic ductal sys- 
tems. However, the diagnoses were 
based on the review and analysis of 
the serial roentgenograms taken dur- 
ing the procedure. Delayed films after 
the procedure can also be helpful in 
determining the drainage time for 
dye to leave the ductal systems. 

There were 14 patients in whom 
gastroduodenoscopy at the time of 
duct cannulation revealed significant 
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pathological findings pertinent to the 
patients’ symptoms because of nor- 
mal cholangiopancreatography. These 
endoscopic diagnoses were not found 
on upper gastrointestinal tract con- 
trast roentgenograms, and include 
carcinoma of the stomach (one pa- 
tient), acute gastric ulcer (three pa- 
tients), acute duodenitis of bulb (two 
patients), and acute hemorrhagic and 
erosive gastritis (eight patients). 

The 23 normal cholangiograms in- 
cluded ten patients in whom a normal 
obtained by 
chance at the time duct cannulation 
was done for a pancreatogram. In 17 
patients with jaundice, nine normal 
cholangiograms were obtained in pa- 
tients with cholestatic jaundice due to 
drugs (four patients), biliary cirrhosis 
(three patients), and Laénnec cir- 
rhosis (two patients). The demonstra- 
tion of normal cholangiograms in 
these patients excluded an extrahepat- 
ic obstruction, and the patients were 
spared an unnecessary surgical explo- 
ration for jaundice. In 18 patients the 
cholangiograms were abnormal: hy- 
pertrophy of the sphincter of Oddi, two 
patients; gallbladder stones, four pa- 
tients; common bile duct stones, six 
patients; primary carcinoma of bile 
ducts, one patient; unusual cystic duct 
remnant, three patients; choledochal 
cyst, one patient; and carcinoma of 
head of pancreas, one patient. 

The 40 normal pancreatograms in- 
cluded 20 patients in whom a normal 
pancreatogram was obtained by 
chance at the time duct cannulation 
was done for a cholangiogram. In the 
remaining 20 patients, the demon- 
stration of a normal pancreatic ductal 
system ruled out the probability of 
any significant pancreatic patholog- 
ical findings as the cause of the 
symptoms. In nine patients, the pan- 
creatograms were abnormal and sig- 
nificant pathological findings related 
to the patients’ symptoms were dem- 
onstrated: carcinoma of pancreatic 
body, one patient; carcinoma of pan- 
creatic head, one patient; pancreatic 
abscess-cyst, one patient; pancreatic 
stones, one patient; and pancreatic fi- 
brosis-chronic pancreatitis, five pa- 
tients. 

Figures 2 to 11 illustrate the nor- 
mal anatomy and some of the disease 
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states demonstrated by retrograde 
cholangiopancreatography. These in- 
clude gallstones, common duct stones, 
pancreatic abscess-cysts, mild pan- 
creatic fibrosis, and carcinoma of the 
head and body of the pancreas. 


Report of Cases 


CaSE 1.—A 45-year-old woman had a cho- 
lecystectomy without duct exploration for 
cholelithiasis three years previously and 
gave a one-year history of recurrent right 
upper quadrant pain and no history of 
jaundice. An intravenous cholangiogram 
revealed no abnormalities, but the patient 
had a moderately severe systemic allergic 
reaction to the intravenously administered 
iodipamide. The patient continues to have 
recurrent episodes of right upper abdomi- 
nal pain. Endoscopic cannulation and ret- 
rograde cholangiography demonstrated a 
dilated common bile duct, prominent cystic 
duct remnant, and three stones in the dis- 
tal common bile duct (Fig 5). Following 
choledocholithotomy, she had an uncompli- 
cated recovery. 

CASE 2.—A 76-year-old man had a sigmoid 
colon resection for carcinoma that pene- 
trated the bowel serosa and he subse- 
quently developed deep painless jaundice 
of cholestatic type 2% years later. The pa- 
tient had lost only a small amount of 
weight and his physical examination was 
unremarkable except for jaundice. Upper 
gastrointestinal tract contrast roent- 
genograms and barium enema roentgeno- 
grams were normal. A liver scan was ab- 
normal, with filling defects in the middle 


of the right lobe. The diagnosis was prob- — 


able recurrent colon carcinoma with liver 
metastasis. Endoscopic cannulation and 
cholangiopancreatography initially sug- 
gested high common bile duct obstruction 
possibly due to neoplasm (Fig 6, left). Af- 
ter manipulation of the cannula in the 
common bile duct and refilming, the subse- 
quent roentgenograms demonstrated pa- 
tency of a dilated distal common bile duct 
and three large intraductal stones (Fig 6, 
right). At operation, there was no evi- 
dence of recurrent carcinoma and he had a 
smooth recovery following cholecystec- 
tomy and choledocholithotomy. 

CaSE 3,—An 82-year-old man was hospi- 
talized with a ten-day history of deep jaun- 
dice, pruritus, vomiting, and occasional 
mild upper abdominal pain. The patient 
also had severe obstructive pulmonary 
disease and asthma being treated with 
steroids. Endoscopic cannulation and ret- 
rograde cholangiopancreatography demon- 
strated near-total obstruction of the intra- 
pancreatic segment of the common bile 
duct, markedly dilated proximal bile ducts, 


and obstruction of the pancreatic duct in 
the head of the pancreas (Fig 7). With an 
endoscopic diagnosis of cancer of the pan- 
ereatic head, abdominal exploration re- 
vealed a large mass in the head of the pan- 
creas. Transduodenal needle biopsy of the 
head of the pancreas confirmed adeno- 
carcinoma, and a palliative choledocho- 
duodenostomy was performed. The imme- 
diate postoperative course was smooth and 
542 months later the patient continued to 
be asymptomatic. 

CASE 4.—A 62-year-old man had a two- 
month history of persistent epigastric pain 
and 9.04 kg (20 lb) of weight loss in four 
months. Results of an extensive hospital 
work-up including complete gastrointesti- 
nal tract roentgenograms, cholecystog- 
raphy, and multiple serum chemistry tests 
were all normal, with one exception. A glu- 
cose tolerance test showed an abnormal 
curve. Endoscopic retrograde pancrea- 
tography revealed complete tapering ob- 
struction of the main pancreatic duct near 
the junction of head and body of the 
pancreas, highly suggestive of pancreatic 
carcinoma (Fig 11). Surgical exploration 
confirmed the presence of an extensive car- 
cinoma of the body of the pancreas which 
was unresectable. 


Comment 


Most endoscopists would agree that 
endoscopic cannulation cholangiopan- 
creatography is the most difficult of 
the currently employed gastrointesti- 
nal tract endoscopic procedures. How- 
ever, worldwide experience indicates 
that it is a procedure that can be 
taught, learned, and applied clinically 
with very useful results. The time re- 
quired for the procedure varies most 
with the expertise of the operator 
and, in certain cases, his persistence 
in attempting to identify the desired 
duct. The average time required is 
one hour for both duct cannulations 
and gastroduodenoscopy. For a sim- 
ple selective pancreatogram, the pro- 
cedure may only take ten minutes. 

Rapid successful cannulation re- 
quires careful attention to the follow- 
ing essential details of the procedure: 
(1) adequate sedation of the patient, 
(2) maximal relaxation of the duode- 
num, (3) proper en face positioning of 
the duodenoscope close to the papilla 
before cannulation attempts, and (4) 
precise identification of the duct ori- 
fice on the papilla. 

Complications in this series were 
insignificant, but one patient (1.5%) 
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did have prelonged moderate abdomi- 
nal pain aad high serum amylase ele- 
vatien afternormal pancreatography. 
Symptoms abated ard the serum am- 
ylase level neturned to normal within 
24 hours. Five patients (8%) had vary- 
ing degrees of moderate hyper- 
amylasemia without abdominal pain, 
fever, or ather symptoms. Blackwood 
et al have enalyzed urinary amylase 
elevations in 105 patients and found 
that urinary amylase elevations may 
oecur in patients after simple gas- 
troscopy ar duodencscopy only with- 
out duct eannulation.’* Therefore, 
faetors other than cannulation, injec- 
tion of consrast material, and intra- 
ductal pressure alterations may also 
affect serum amylase levels. A careful 
effort is made, however, with each pa- 
tient not to overfill or distend the 
pancreatic ductal system with con- 
trast solution. 

Antibioties are not given prophy- 
lactically, except in the patient with 
an obstructed or poorly draining com- 
men bile duct. Fever, chills, or other 
signs of sepsis have not occurred fol- 
lowmg duet cammulation in any of the 
patients im this series. 


1. McCune WS, Shorb PE, Moscovitz H: 
Endescopic eannulation of the ampulla of 

ater: A prelimmary report. Ann Surg 
157:752-756, 968. 

2. Ogoshi K, Tobita Y, Hara Y: Endo- 
scepic observations of the duodenum and 
panereato-dhaledachography using duode- 
nal fiberscowe under direct vision. Gas- 
treintest Evalosc (Tokyo) 12:83-[6, 1970. 

3. Takagi K, et a: Retrograde pan- 
creatograpay and cholangiography by fi- 
ber duodenoscope: Gas*roenterology 59:445- 
452, 1970. 

4. Oi I: Fiberduodenoscopy and_endo- 
scepic pancreatocholangiography. Gastro- 
miest Endas 1759-62, 1970. 

5. Vennes JA, Silvis SE: Endoscopic vi- 


Arch Surg’ ™ol 108, April 1974 


ss = Ss “ies. pa F * a aT? 
SS Va ae aie e oe N 
. ‘ 
r` ? - JARA 7 


Pancreatograms are more difficult 
to interpret than cholangiograms. 
Similar pancreatic duct roentgen- 
ographic abnormalities may appear in 
both cancer and inflammation of the 
pancreas, and differential roentgen- 
ographic diagnosis may be difficult. 
Norton et al, in a cooperative study 
totaling 483 pancreatograms of which 
33 were interpreted as pancreatic car- 
cinoma, found only three false-posi- 
tives and no false-negatives.“ All 
three false-positives were in patients 
whose pancreatogram revealed an ob- 
structed main pancreatic duct. In the 
small series of three carcinomas re- 
ported in this article, all were con- 
firmed at surgery and there were no 
false-negatives. 

Secretin-stimulated pancreatic flu- 
id cytology studies via the retro- 
grade cannula are possible, and with 
more experience from several centers 
perhaps this technique may become 
an adjunct to the differential diag- 
nosis of the pancreatogram. 

Endoscopic cholangiography has 
proven to be extremely helpful, and 
the previous wide general experience 
with other forms of cholangiography 
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has made interpretation of the results 


more accurate. As more collective ex- 
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normal pancreatic ductology should. _ 


continue to improve. | 
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comfort, and inconvenience of surgi- 
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ber of patients. 
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have an obstructed pancreatic duct 
due to carcinoma of the bedy of the 
pancreas. 
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Emergency Medical Care System 


-Lincoln (Neb) Mobile Heart Team 


Stephen W. Carveth, MD; David Olson, AART; Jody Bechtel, RN, Lincoln, Neb 


The objective of the Lincoln (Neb) emer- 
gency care system was the provision of an 
effective method by which a collapsed per- 
son could be rapidly and efficiently placed in 
a modern stratified system of emergency 
care. Utilizing national statistics, it was esti- 
mated that over 300 people collapsed and 
died yearly in the Lincoln area. Between 
March 1, 1971, and Sept 30, 1973, 717 pa- 
tients were treated by this emergency care 
system; 323 had collapsed and 169 of these 
required resuscitation. Of the 169 patients 
who required resuscitation, 35 (20%) left 
the hospital alive. This is an excellent suc- 
cess rate compared to other mobile units in 
the country. It is estimated that once the 
public is thoroughly trained in basic life sup- 
port, this 20% might well be increased to 
50% survival for all patients now dying out- 
side the hospital. This would mean that ap- 
proximately 200,000 lives could be saved 
across the United States each year. 


M authors have indicated that 
approximately 600,000 people 
die each year of acute myocardial in- 
farction and that more than two 
thirds of these die outside the hospi- 
tal.-° No resuscitative attempts are 
administered in the vast majority of 
instances. Shortly after the introduc- 
tion of fixed coronary care units in 
1963 by Day,’ the concept of moving 
the life-support unit to the patient 
was proclaimed by Pantridge and 
Geddes in 1967.°° In a similar way, 
lives have been saved at the Univer- 
sity of Nebraska football stadium 
since 1966. Because of the success of 
these and other mobile coronary care 
units, an emergency medical care sys- 
tem was developed in Lincoln, Neb, 
March 1, 1971, and has functioned ef- 
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fectively for more than two years.” 8-9-1 

The aim of this project was to 
provide a hospital-based, community- 
oriented, emergency medical care 
system. This system provided an ex- 
perienced coronary care nurse, res- 
piratory therapy technician, physi- 
cian advisors, firemen, and ambulance 
personnel, together with the neces- 
sary communications, transportation, 
equipment, and medications to treat 
most emergencies that might arise. 
The goal of the team was to provide a 
method to support life in the critical 
three- to five-minute interval after 
breathing and circulation stops and to 
place that person in a stratified sys- 
tem of emergency care.'* Once the pa- 
tient was stabilized, he was trans- 
ported via private ambulance with 
two of the members of the emergency 
care team either to the nearest hospi- 
tal or to the hospital of the patient’s 
choice that had an established critical 
care facility. 

Bryan Memorial Hospital has pro- 
vided a cardiac resuscitation team at 
the Nebraska football games since 
the fall of 1966. The success of this 
unit at the stadium was one of the 
reasons why the emergency care sys- 
tem was initiated in the Lincoln area. 
The results of those persons resusci- 
tated at the Nebraska football games 
were astonishing because in eight 
years, 11 patients were successfully 
given cardiopulmonary resuscitation. 
Thus it was theorized that many pa- 
tients who die outside the hospital 
might well be saved by a city-wide 
emergency care system. 


Method of Development 


In 1969, committees organized medical 
and paramedical care facilities in the Lin- 
coln community. This culminated in an 
integrated emergency care system that 
commenced operation March 1, 1971. The 
actual operation of this system entailed 
the coordination of the activities of police 


and fire departments, private ambulance 
firms, and the mobile heart team of Bryan 
Memorial Hospital. These units have ade- 
quate communication among each other 
and follow closely the guidelines recently 
established by the American Heart Associ- 
ation on fixed and mobile life support 
units.’ A Lincolnite can now place himself 
rapidly into the system by merely dialing 
“911” 


Mode of Operation 


The following is a detailed sum- 
mary of what transpired during an 
average call made by the emergency 
care facility. An individual within the 
city limits of Lincoln developed chest 
pain and thought he was having a 
heart attack. He or his friend called 
the emergency number 911. This 
number can be called on any tele- 
phone in the city of Lincoln and can 
be dialed on a pay telephone without 
charge. Once the person initiated a 
911 call, the dispatcher at the main 
fire department answered and ob- 
tained the following information: the 
address, the location, and the symp- 
toms of the victim who made the 911 
call. Once the dispatcher gathered 
this information, he utilized the di- 
rect line to Bryan Memorial Hospital 
operator to inform her of the 911 call. 
She took no information but paged at 
once, “Attention please, mobile unit 
911” over the public address system 
three times. Simultaneously, another 
fire department dispatcher sounded 
the alarm at the fire substation that 
was the closest engine company to 
the patient. Once the fire engine and 
the mobile unit were released, the dis- 
patcher informed the private ambu- 
lance of the 911 cardiac call. When the 
alarm was sounded at the fire depart- 
ment, an alarm was also received at 
the Lincoln police department and a 
police cruiser was sent to the scene. 
The duty of the police officer on his 
arrival was to control traffic in the 
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area and -œ be of assistance to the- 


emergency seam as direcsed by the 
nurse in charge. 

‘Once the äre engine arr-ved at the 
scene, the function of the firemen was 
to either carry out emergency cardio- 
pulmonary »esuscitation œar z0 make 
the patient comfortable with the nec- 
essary first aid. One member of the 
fire depar:ment returned to the en- 
gine as sæm as possible and radioed 
the econdisicn of the patent to the 
emergency anit that was enroute to 
the scene. The emergency t2am has 
two two-way radios. One o” these con- 
neeted the Fase station of Bryan Me- 
mortal Hospital to the mo»ile vehicle. 
This allowed constart communication 
between the emergency mom physi- 
ciam and the team members at all 
times. The other two-way radio was 
between the fire department and the 
mobile team. . 

As the mpbile team lef the hospi- 
tal, they ebtained the adcress of the 
person frem the fire department dis- 
patcher. The responsibilty of the 
nurse, who was in charge was to di- 
reet the efforts of the other team 
members according to pracocol. After 
the nurse rapidly assessed the pa- 
tient’s condition, she had a quick look 
on the moritor and then started an 
intravencus solution. A permanent 
electrocamdiogram was obtained by 
the technician, and the nurse then in- 
formed the physician at tae base sta- 
tion of tae objective data. He then 
made specific recommendetieons to the 
nurse as o what drugs to administer. 
In the eveat that no physician was 
available at the base stat.on, the mo- 
bile unit marse proeeedec with drug 
treatmenz and defibrillation when 
necessary æ indicated by the protocol 
established by the intensive coronary 
care committee of Bryan Memorial 
Hespital. After the patient’s condi- 
tion stabilised, he was transferred by 
ambulanee to either the nearest crit- 
ical care facility or to the facility of 
his choice. The coronary nurse, car- 
diae monisoring equipment, drugs, 
and one respiratory therapy techni- 
cian acccmpanied the pazient in the 
ambulanee to the hospita. When the 
ambulanee and mobile teem members 
reached -he hospital, thar responsi- 
bility to the patient ended when 
qualified personnel at the hespital re- 
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ceived the patient. Under no circum- 
stance was the nurse to leave the 
patient unattended until the patient 
was transferred to the care of either 
qualified emergency or coronary unit 
personnel. During the time of trans- 
fer from the original site to. the hos- 
pital, the emergency unit nurse was 
in communication with the patient’s 
physician or the physician at the base 
station. Once the patient was ac- 
cepted by medical personnel, either in 
a coronary care unit or in the emer- 
gency room, the nurse and the other 
members of the mobile heart team 
returned to their vehicle, restocked 
their supplies, and informed the fire 
department that they were back in 
service. 


Results 


The current experience of the Lin- 
coln emergency medical care system 
extended from March 1, 1971, through 
Sept 30, 1973. Over this 3l-month 
period, 717 patients were seen and 
treated. The diagnosis of myocardial 
infarction was made by the patient’s 
physician 220 times or about 30% of 
all calls. A total of 319 patients were 
seen for cardiac problems that in- 
cluded myocardial infarction, angina, 
congestive heart failure, and valvular 
heart disease. Three hundred twenty- 
three patients had collapsed. This in- 
cluded 169 patients who required re- 
suscitation and 136 patients who were 
responsive by the time the team ar- 
rived and did not require resuscita- 
tion. Seventeen of the 225 patients 
were obviously dead for quite some 
time before the arrival of the unit 
and resuscitation was not attempted. 
The leading initial symptoms were 
chest pain in 449 patients, collapse in 
220 patients, dyspnea in 74, and 
dysrhythmia in 66 patients. One hun- 
dred five of the 169 patients who re- 
quired resuscitation had a myocardial 
infarction, and of these 52 were suc- 
cessfully resuscitated. Sixty-four pa- 
tients needed resuscitation but had a 
diagnosis of drug intoxication, alco- 
holic ingestion, and syncope from 
heart block or aortic stenosis. 
Twenty-eight of these responded suc- 
cessfully to resuscitative measures. 
Thirty-five (20%) of the total 169 pa- 
tients who required resuscitation left 
the hospital alive. 


Comment 


The majority of Lincolnites have 
accepted the Lincoln emergency med- 
ical care system. Civic and private or- 
ganizations are grateful and thankful 
that such a unit exists within the city. 
At least 35 patients are alive today 
due to the emergency care team, and 
this 20% long-term successful resusci- 
tation rate is one of the best in the 
country when compared with other 
units.'°"! 

There are several avenues of im- 
provement that the system might 
pursue in the future. The fire depart- 
ment personnel could be more effi- 
ciently utilized by the mobile team if 
40 to 50 firemen were selectively used 
only for the emergency team oper- 
ation. This would eliminate at least 
one of the technicians now required 
on each emergency run. An alterna- 
tive would be to require all ambulance 
attendants in Lincoln to participate 
in the specialized training program 
for the same purpose. Since there are 
no federal, state, or local dollars in 
support of this unit, it may be neces- 
sary in the future to ask for complete 
funding through the city government. 
Recently the mayor and city council 
of Lincoln have accepted this as a 
community project and have assisted 
Bryan Memorial Hospital in partial 
funding. This will increase coverage 
from 16 to 24 hours per day. Another 
alternative would be to have hospital- 
based ambulance service and incor- 
porate the emergency medical tech- 
nicians either to function with the 
coronary care nurse or to function by 
themselves should their level of train- 
ing permit this. This maneuver would 
eliminate at least one vehicle and two 
or three staff members from answer- 
ing the 911 calls and thus reduce cost. 
Because of the 12 substations, fortu- 
nately firemen are within four to five 
minutes of all Lincoln residents. The 
mobile cardiac team is six to ten min- 
utes away from all Lincoln residents, 
and the total time of the average call 
by the team is 25 to 30 minutes. It is 
hoped that the time factor involved to 
resuscitate a patient will be reduced 
further in the future through one of 
these ways: (1) The select group of 
firemen who are located throughout 
the city’s 12 subfire stations must 
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have additional and recurrent train- 
ing in basic life support. (2) Physi- 
cians must utilize the team facilities 
for patients with chest pain more fre- 
quently. (3) The public and physicians 
must be educated to respond rapidly 
to these patients’ personal needs, es- 
pecially if the symptoms suggest a 
heart attack. (4) There must be mass 
public training in basic life support 
according to American Heart Associ- 
ation standards.'? Persons should call 
911 when they have symptoms, before 
they collapse. 

Excluding the police, fire, and am- 
bulance costs, the unit has operated 
efficiently for more than two years. 
The cost per patient is $176 and the 
cost per patient with myocardial in- 
farction is $495. This is operational 
cost that is absorbed by the hospital; 
the cost to the patient is $35 per call. 
If just one 45-year-old man with an 
average annual income of $10,000 dies 
per year, this income must be pro- 
vided by someone and would amount 
to $200,000 over a 20-year period. 
When the cost of this mobile system 
and others like it around the country 
are reviewed from this aspect, then 
each unit with a budget of less than 
$100,000 per year has to save only one 
middle-aged man per year to offset 
the cost of death of such an individual 
who died suddenly. 
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Discussion 


JOHN W. SMITH, MD, Omaha: I want to 
thank Dr. Carveth for the opportunity to 
review his manuscript in advance. It in- 
cludes many details that he did not have 
time to present. He is to be commended for 
the enormous amount of work involved in 
the politics of making an operation like 
this possible. 

This material represents one part of the 
overall picture of emergency medical ser- 
vices. Experiences such as the one in Lin- 
coln will help other communities in making 
emergency medical services decisions. 

Rather than three separate teams an- 
swering each call, the more ideal arrange- 
ment would be to have a single ambulance 
with well-trained paramedical personnel 
and good communications. The key, of 
course, is the word training. It is much eas- 
ier to obtain a nurse-clinician from the cor- 
onary care unit than to give advanced 
training to an entire city rescue organiza- 
tion. The cost figures in the paper will be 
useful to others in future planning. Society 
is taking an increasingly hard look at med- 
ical care costs in relation to the benefits to 
be derived. 

The statistics from Dr. Carveth and his 
coworkers are not entirely clear, but the 
mortality in the 159 myocardial infarction 
patients was 40% before reaching the hos- 
pital and 50% overall. We look forward to 
further experience by the Lincoln group to 
see if such earlier intervention leads to a 
significant saving of life. 

WALTER W. CARROLL, MD, Chicago: I 
would just like to comment on some of the 
joint commission data that we recently had 
an opportunity to review. The presurvey 
responses from approximately 4,400 hospi- 
tals have been studied with particular ref- 
erence to emergency services. 

During 1967, 1968, and 1969, as a mem- 
ber of the Emergency Services Committee 
of the National Research Council, I have 
watched the booklet Death and Disability 
go through about nine printings. In that 
same era, the American Society of Anes- 
thesiologists in conjunction with the Amer- 
ican Heart Association pleaded with the 
Standards Committee of the joint commis- 
sion to introduce a simple sentence in the 


interpretive material of the emergency 
services section of the hospital standards 
for accreditation requesting, recommend- 
ing, or mandating, whichever the com- 
mittee felt was appropriate, that cardio- 
pulmonary resuscitative training be an 
educational requirement of all those work- 
ing in the emergency services area of a 
hospital that is to be accredited. Being 
aware of the contents of the booklet, the 
board of commissioners agreed that such 
training be required for accreditation pur- 
poses. 

As mentioned, we have recently had an 
opportunity to run through the data re- 
flecting the first go-around as a result of 
the implementation of that standard. By 
their own admission, less than half of our 
hospitals indicated that the physicians or 
nurses in the emergency services have had 
such training. That is a rather interesting 
admission of a widespread shortcoming. 
Although not verified, this is a statement 
that the hospitals have voluntarily made 
when asked by questionnaire. I do think 
this is a rather timely subject to be 
brought to your attention, and I only bring 
to you this one fact to indicate that there is 
real room for improvement among our hos- 
pital personnel, by our own admission. 

Dr. CARVETH: Some people were sur- 
prised when we theorized that, following 
institution of efficient emergency care sys- 
tems in communities throughout the coun- 
try, at least 50%, if not more, of the 400,000 
people who die annually outside the hospi- 
tal could be saved. This is based on the fact 
that over 90% of the spectators who col- 
lapse with a cardiac arrest at the Univer- 
sity of Nebraska football stadium were 
successfully resuscitated during the past 
eight years, and that 20% of the Lincoln- 
ites who collapsed with a cardiac arrest 
were successfully resuscitated by Lincoln’s 
emergency care system during a 3l-month 
period. 

However, the main reason we cannot ex- 
pect a 50% reduction today in out-of-hospi- 
tal deaths is that most physicians cannot 
adequately perform basic life support, 
most stadiums and buildings with high 
density population do not have basic and 
advanced life-support facilities, and most 
communities do not have an efficient emer- 
gency care system. These inadequacies 
should and will be looked on as challenges 
for the future, which when accomplished 
will save thousands of lives of persons who 
die unnecessarily. 

We appreciate the comments of Drs. 
Smith and Carroll and hope that the stan- 
dards of the American Heart Association 
and National Research Council for Cardio- 
pulmonary Resuscitation and Emergency 
Cardiac Care will be upheld, first by physi- 
cians and then by the American public. 


Emergency Medical Care/Carveth et al 


Postresuscitation Hypertension 


Etiology, Morbidity, and Treatment 
Anna M. Ledzerwood, MD, Charles E. Lucas, MD, Detroit 


Postresuscivation hypertension is a fre- 
quent occusrence following successful re- 
suscitation of severely injured patients with 
hemorrhagic shock. This combined systolic 
and diastolic hypertension ( 5 150/100 mm 
Hg) was sustained for a minimum of six 
hours in 20 of 33 severely injured patients 
treated at Detroit General Hospital during a 
20-month perd. The cause of postresusci- 
tative hypertension appears to be related to 
an acute hype-volemic state associated with 
mobilizatior cf previously sequestered so- 
dium and water and a delay in recovery of 
adequate rena tubular function. Intravenous 
administratior of norma human serum albu- 
min during resuscitation may contribute to 
the hypertension by impairing appropriate 
saline diuresis. This hypertension is associ- 
ated with imcreased respiratory insuffi- 
ciency, hematuria, and central nervous sys- 
tem irritability, which may progress to 
convulsions. ~reatment includes fluid and 
collpid restriction, and ff unresponsive, ad- 
ministratior of diuretics and vasodilators. 


i ipa early fluid shifts that ac- 
compary hemorrhagie shock have 
been studied in depth, both clinically 
and in tke experimental laboratory. 
The results of such investigations 
have led tc aggressive resuscitation 
of injured patients with lerge vol- 
umes of dleod and saline solutions. 
Less attent-on, however, has been di- 
rected tc the events that follow 
suecessful resuscitation. We have re- 
cently recegnized sustained hyperten- 
sion as a frequent sequel to resuscita- 
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tion in our most severely injured 
patients. This phenomonen has often 
been associated with severe respira- 
tory failure, hematuria, and central 
nervous system irritability. The 
mechanism by which this syndrome 
develops is unclear and, in our pa- 
tients, has been falsely attributed to 
preexisting hypertension, transfusion 
reaction, tetanus, fat embolism, and 
disseminated intravascular coag- 
ulation. To our knowledge, the only 
previous report of sustained hyper- 
tension following resuscitation oc- 
curred after severe burns in 18 of 53 
children. ' 

The purpose of this report is 
to point out the importance of post- 
resuscitation hypertension as it has 
occurred in our patients and to at- 
tempt to define its etiology, morbid- 
ity, and treatment. Sustained hyper- 
tension was defined as a combined 
elevation of both the systolic and di- 
astolic blood pressure above 150/100 
mm Hg for a minimum of six con- 
secutive hours. 


Clinical Data 


The records of 33 severely traumatized 
patients admitted between July 1971 and 
February 1973 were reviewed. All 33 pa- 
tients sustained major injury, had a period 
of hypovolemic shock with systolic pres- 
sure below 80 mm Hg, received ten or more 
blood transfusions within the first 24 
hours, survived at least 72 hours, and were 
cared for in the intensive care unit where 
hourly blood pressures and daily weights 
were recorded. All patients were in good 
health prior to injury and none had pre- 
existing hypertension. 

There were 28 men and five women with 
an average age of 28 years (range, 17-47). 


The injuries were gunshot wounds in 23 
patients, stab wounds in 7 patients, and 
blunt implement injury in 3 patients. The 
average number of organs injured per pa- 
tient was 3.8 (range, 2 to 7). Eighteen pa- 
tients were admitted in shock with a sys- 
tolic pressure below 80 mm Hg. The blood 
pressure was unobtainable in ten of these 
patients and seven of them had no pal- 
pable pulse. In contrast, 11 of the 33 pa- 
tients had a systolic pressure on admission 
above 100 mm Hg but later developed 
shock. The total time between admission 
and the end of operation during which the 
patient’s systolic pressure was recorded 


below 80 mm Hg was defined as the “shock 


time.” This time averaged 71 minutes per 
patient (range, 5 to 330 minutes). In addi- 
tion, nine patients had either partial or 
complete occlusion of the thoracic aorta for 
an average of 39 minutes (range, 15 to 80 
minutes). The major source of blood loss 
was the liver in 12 patients, a major intra- 
abdominal vessel in 10 patients, intra- 
thoracic vessel in 7 patients, neck vessel in 
2 patients, and the heart in 2 patients. 
Eighteen patients required combined tho- 
racotomy and laparotomy. Eight of the 33 
patients died between the ninth and 39th 
day; all deaths were due to sepsis and its 
complications. 


Treatment 


The treatment of each patient was 
analyzed in three separate time peri- 
ods that reflect specific changes in 
fluid homeostasis. Phase 1 reflects the 
period of shock and active hemor- 
rhage and includes the time from ad- 
mission until the end of the operative 
procedure that controlled bleeding. 
Initial resuscitation in the emergency 
room averaged just less than two 
hours; the average length of oper- 
ation was six hours. Seven patients 
required more than one operation to 
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Phase 1 


Duration 10.5 hours 

Blood, liters 9.1 

Saline, liters 9.5 
Hourly ratet 0.90 liter/hr 

FFP, literst 1.1 

Albumin, gm 25 (6) 

Urine, liters 1.94 
Hourly urine 


volume 0.18 liter/hr 





Table 1.—Three Phases of Resuscitation: 
Average Duration and Fluid Volumes in 33 Patients 














Phase 2 Phase 3 
41.3 hours 5.8 days 
3.6 (27)* 1.8 (25) 
10.5 21.4 
0.25 liter/hr 0.15 liter/hr 
0.78 (21) 0.7 (5) 
95 (21) 232.5 (25) 
4.87 18.9 
0.12 liter/hr 0.14 liter/hr 





* The number in parenthesis represents the number of patients. 


t Hourly rate of intravenous fluid infusion. 
+ FFP, fresh frozen plasma. 


control bleeding so that phase 1 
lasted an average of 10.5 hours. The 
volumes necessary to restore and 
maintain vital signs during this 
phase averaged 9.1 liters of whole 
blood, 9.5 liters of balanced electro- 
lyte solution, and 1.1 liters of fresh 
frozen plasma (Table 1). The urine 
output averaged 180 ml/hr. Only six 
of the 33 patients received normal hu- 
man serum albumin intravenously, 
averaging 25 gm per patient. 

Phase 2 reflects the period of extra- 
vascular fluid sequestration and is de- 
fined as that time from the end of the 
operation that controlled bleeding un- 
til the day of maximum weight gain. 
During this phase, which averaged 
41.3 hours, whole blood was adminis- 
tered to maintain a hemoglobin level 
of 12 gm/100 ml, and balanced elec- 
trolyte solution was infused at a rate 
sufficient to maintain a normal blood 
pressure and pulse. The rate of infu- 
sion was frequently greater than 500 
ml/hr during the initial hours of 
phase 2, reflecting a rapid extravascu- 
lar movement of fluid. No attempt 
was made to lower the central venous 
pressure by restricting fluid infusion, 
if the blood pressure or urine out- 
put were low. The average volumes in- 
fused during phase 2 were 10.5 liters 
of saline, 3.6 liters of whole blood (27 
patients), 0.78 liters of fresh frozen 
plasma (21 patients), and 95 gm of al- 
bumin (21 patients). The urine output 
averaged 120 ml/hr. Since the urine 
volume frequently remained high, 
even when the blood pressure fell to 
subnormal levels, the hourly output of 
urine was a poor index of desired 
fluid replacement during this period. 
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By the end of-.phase 2 the patients 
had gained an average of 9.2 kg from 
their stated weight before injury. 

Phase 3 reflects the mobilization 
and diuretic period; it includes the 
time from maximum weight gain un- 
til the day diuresis ended. A precipi- 
tous weight loss oecurred during this 
phase, which averaged 5.8 days. Phase 
3 fluid administration averaged 21.4 
liters of saline, 1.8 liters of whole 
blood (25 patients), 0.7 liters of fresh 
frozen plasma (5 patients), and 232 
gm of albumin (25 patients). Urine 
output averaged 18.9 liters or 140 
ml/hr. Since most patients had exces- 
sive gastrointestinal and insensible 
losses during this phase, the urine 
volume does represent a diuresis; this 
response was most striking at the on- 
set of phase 3. 


Hypertension 


Near the end of phase 2, all pa- 
tients developed a progressive rise in 
blood pressure which was usually as- 
sociated with a rising central venous 
pressure. Twenty of the 33 patients 
developed combined systolic and dias- 
tolic hypertension which appeared 
toward the end of phase 2 in 18 pa- 
tients, and six and ten hours after the 
onset of phase 3 in the remaining 2 
patients. Five of the 18 normotensive 
patients had one or more blood pres- 
sure recordings in the hypertensive 
range at the same period during 
phase 2, but this level was not sus- 
tained for a minimum of six hours. 
There was no correlation between the 
occurrence of hypertension and the 
age of the patient, average number of 
organs injured, “shock time,” or the 


length of the operative procedure. 

The 20 hypertensive patients were 
analyzed as three subgroups based on 
their response to treatment (Table 2). 
Hypertension that, in eight patients, 
responded to a decrease in the rate of 
fluid infusion during the period of 
fluid mobilization was called ‘‘mild”; 
it lasted an average of 2.7 days and 
subsided with a spontaneous diuresis. 
Nine patients, considered to have 
“moderate” hypertension, received 
diuretics or vasodilators in addition to 
a reduction in the rate of fluid infu- 
sion; hypertension subsided with di- 
uresis in an average of 2.7 days. 
Three patients had “severe” hyper- 
tension that was unresponsive to 
fluid restriction, diuretics, and vaso- 
dilators; required antihypertensive 
medications; and lasted an average of 
16.5 days. 

The methods of resuscitation were 
evaluated for each of the three hyper- 
tensive subgroups and the normoten- 
sive group by comparing the duration 
and fluid needs of both phases 1 and 2 
(Table 3). The combined duration of 
phases 1 and 2 were similar in the 
normotensive and mild hypertensive 
patients; they received comparable 
amounts of blood, saline, and albu- 
min, and had comparable urine vol- 
umes. In contrast, the patients with 
moderate and severe hypertension 
had a longer combined duration of 
phases 1 and 2 and required more 
blood and saline. Although the hourly 
rate of intravenous fluid infusion was 
similar in all four groups, the hourly 
urine volumes progressively fell from 
150 ml/hr in the normotensive pa- 
tients to 100 ml/hr in the severe hy- 
pertensive group. Administration of 
albumin in 23 patients did not pre- 
vent weight gain. In fact, the pa- 
tients who received the larger 
amounts of albumin had a longer 
phase 2, required more blood and sa- 
line, gained more weight, and had the 
more severe hypertension. The nor- 
motensive and mild hypertensive pa- 
tients gained an average of 7 kg (15.4 
lb), compared to 9.7 kg (20.4 Ib) in the 
moderate hypertensive group and 
21.7 kg (47.7 lb) in the severe hyper- 
tensive group. Thus, the appearance 
of hypertension correlated with 
length of phase 2; with the amount of 
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blood, saline, and albumin received 
during phases 1 and 2; and with the 
ameunt of weight gain. It correlated 
inversely with the hourly urine vol- 
ume. 

Morbidity of postresuscitation hy- 
pertension was manifested primarily 
in the pulmonary, renal, and central 
nervous systems. Thirty-one of the 33 
patients hac respiratory failure post- 
operatively equiring ventilatory sup- 
port with æ volume respirator. Res- 
piratory failure was considered 
severe if the patiert required more 
than 40% oxygen to maintain an oxy- 
gen pressure (Po,) of 70 mm Hg, if 
the physiobgic shunt was greater 
than 40%, cr if the peak inspiratory 
pressure was greater than 30 cm H,O. 
Elewen patents had severe respira- 
tory failureand nine had moderate or 
severe hypertensior (Table 4); only 
one of the 13 normotensive patients 
had severe respiratory failure. 

Hematura occurred in 11 of the 20 
hypertensive patients, including all 
three patients with severe hyperten- 
sion. The hematuria appeared after 
the onset of hypertension, dis- 
appeared when the nypertension sub- 
sided, and occurred in the absence of 
urinary tract injury. Respiratory fail- 
ure and hematuria occurred in three 
ef the hypertensive patients while 
they were receiving a bleod transfu- 
sion and was false y attributed to a 
transfusion reaction. Only one of the 
13 normotensive petients had hema- 
turia that coineided with a transient 
blood pressure recording in the hyper- 
tensive range. Two of the 33 patients 
had high output renal failure; both 
had hematuria anc severe hyperten- 
sion. All surviving patients, including 
both patients with renal failure, had 
normal renal function at the time of 
discharge. 

Encephalopathy, manifested by ex- 
treme restlessness. agitation, and ir- 
_ ritability, oceurred in ten of the 20 
hypertens:ve patients compared to 
two of the 12 normotensive patients. 
None of the 22 patients with encepha- 
lepathy hed associated head injury or 
hypoxia aad all were awake and alert 
prior to the onset of central nervous 
system irritability. Two patients had 
severe agitation that progressed to 
muscular twitching on stimulation 
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Table 2.—Relationship Between Severity of Injury, 


Duration of Resuscitation, and Degree of Hypertension 


N 
No. of patients 


one 

13 

23 
4 












Hypertension 


Mild Moderate Severe 


Average age, yr 30.1 28.7 


8 9 3 
8 32 30. 28. 
Shock time, min 62.4 77 57 140 
6.1 5.3 6.5 5.9 


Length of operation, hr 


Length of phase 1, hr 9.7 


8.8 11,9 13.7 


Length of phase 2, hr 30.9 34.3 50.4 77.4 
Length of hypertension, days 2.7 2.7 16.5 














No of patients 


Duration, hr 40.6 
FFP, liters* eae 
Blood, liters 10.2 
Saline, liters 16.5 
Hourly ratet 0.41 liter/hr 
Urine, liters 6.2 
Hourly urine volume 0.15 liter/hr 
Albumin, gm 60 (10)4 
Blood / fluid, liter 1/1.74 
Hemoglobin, gm/100mI§ 11.1 
Weight gain, kg 8.0 





* FFP, fresh frozen plasma. 
t Hourly rate of intravenous fluid infusion. 


Table 3.—Degree of Hypertension and Methods of Resuscitation 
During Combined Phases 1 and 2 


43.1 62.4 91.1 
1.4 2.1 1.75 
8.9 14 19.4 
13.8 24.6 37.4 
0.32 liter/hr 0.40 liter/hr 0.41 liter/hr 
5.6 8.0 9.0 
0.13 liter/hr 0.13 liter/hr 0.10 liter/hr 
60 (5) 122.5 (6) 331.2 (2) 
1/1.78 1/1.74 1/1.96 
11.6 11.7 10.7 
6.1 9.7 21.4 








+ The number in parenthesis represents the number of patients. 


§ Average level at the end of phase 2. 


and multiple grand mal seizures three 
and six days after the onset of severe 
hypertension. 

The following two case reports out- 
line the clinical syndrome of moder- 
ate and severe postresuscitative hy- 
pertension. 


Report of Cases 


Case 1.—A 29-year-old man was ad- 
mitted at 1 am with multiple gunshot 
wounds to the right side of the chest and 
abdomen. Hypotension (60/0 mm Hg) and 
tachycardia (120 beats per minute) re- 
sponded within ten minutes to rapid infu- 
sion of lactated Ringer’s solution (Fig 1). 


A tube in the right side of the chest 


drained 2.7 liters of blood during the next 
six hours. Exploratory laparotomy, de- 
layed seven hours while personnel were ob- 
tained to open a third operating room, re- 
vealed hemoperitoneum of 3.0 liters, an 
actively bleeding stellate laceration of the 
liver, and a perforation of the right hemi- 
diaphragm. All injuries were sutured pri- 
marily; the operation lasted 3.5 hours. Dur- 









Table 4.—Morbidity of Hypertension 


Hypertension 


Moder- 
None Mild ate Severe 


No. of 
patients 13 8 9 3 









Moderate 

respira- 

tory failure 11 6 3 
Severe res- 

piratory 

failure 1 1 6 3 
Hematuria 1 2 6 3 
Encephalop- 

athy 2 4 4 2 


ing phase 1, which lasted 10.5 hours, he 
received 8 liters of whole blood, 7 liters of 
lactated Ringer’s solution, and 0.5 liters of 
fresh frozen plasma, and voided 0.5 liters 
of urine (Fig 2). Immediately postopera- 
tively, the blood pressure and pulse were 
normal, the central venous pressure was 10 
em H,O, and the hemoglobin was 10.5 
gm/100 ml. Four hours later the central 
venous pressure rose to 15 cm H,O and the 
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Fig 1.—Sustained hypertension, which developed near end of 
phase 2 in this patient (case 1) with liver injury and hemorrhagic 
shock, was considered “moderate” since it responded to induced di- 


uresis during phase 3. 


rate of fluid infusion was decreased; the 
blood pressure rapidly fell to 60/40 mm Hg 
and the pulse rate rose to 140 beats per 
minute. Both blood pressure and pulse re- 
sponded to an increased rate of fluid and 
blood infusion. During phase 2, which 
lasted 43.5 hours, he required 9.6 liters of 
saline and 4 liters of blood to maintain a 
stable blood pressure and pulse rate, de- 
spite an average urine output of 95 ml/hr. 
By the end of phase 2 he had gained 12.9 
kg (28.4 lb), the central venous pressue had 
risen to 27 cm H,O, and he had severe res- 
piratory failure requiring 84% inspired 
oxygen on a volume respirator. The physi- 
ologic shunt was 64%. The blood pressure 
progressively rose to hypertensive levels 13 
hours before the end of phase 2. Shortly af- 
ter the onset of phase 3, the blood pressure 
was 240/120 mm Hg, he was severely agi- 
tated, and had copious pink, frothy tra- 
cheal secretions and hematuria. He was 
given 40 mg of furosemide (Lasix) intrave- 
nously, which resulted in a 2-liter diuresis 
and a fall in blood pressure to 140/100 mm 
Hg during the next four hours. Hematuria 
cleared 48 hours later and diuresis contin- 
ued for the next six days, by which time he 
had lost 10.5 kg (23 lb). He continued to im- 
prove and was discharged with a normal 
blood pressure and renal function. 

CASE 2.—A 40-year-old man was ad- 
mitted with a gunshot wound of the left 
side of the chest. Hypotension (90/60 mm 
Hg) and tachycardia (130 beats per min- 
ute) responded to rapid infusion of 2 liters 
of lactated Ringer’s. Exploratory lap- 
arotomy revealed perforations of the left 
hemidiaphragm, stomach, and proximal 
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part of the aorta; a left thoracotomy was 
done for control of aortic bleeding. During 
the 6.7-hour operative procedure, the sys- 
tolic pressure was less than 80 mm Hg for 
255 minutes, and the thoracic aorta was in- 
termittently cross-clamped for 60 minutes. 
The aortic, gastric, and diaphragm perfo- 
rations were closed primarily. Although vi- 
tal signs were stable when he left the oper- 
ating room, the blood pressure was 
unobtainable when he arrived in the inten- 
sive care unit (Fig 3). Blood pressure im- 
proved with fluid and fresh blood adminis- 
tration, but he had further hypotensive 
episodes during the next 17 hours due to 
persistent bleeding from the tube in the 
left side of the chest, which necessitated 
reoperation. Bleeding from the left adre- 
nal vein, internal mammary artery, and di- 
aphragm was controlled and a tracheos- 
tomy performed at this operation, which 
lasted four hours. The entire period from 
admission to the end of the second oper- 
ation was considered phase 1. During this 
30-hour period he received 24 liters of 
whole blood, 37 liters of saline, 2 liters of 
fresh frozen plasma, and 193 gm of albu- 
min; urine output was 2.57 liters, an aver- 
age of 86 ml/hr (Fig 4). 

Immediately following surgery, his con- 
dition was stable and he was alert and re- 
sponsive. During the 52.5 hours of phase 2, 
he received 7.5 liters of blood, 15.5 liters of 
saline, and 62.5 gm of albumin; urine out- 
put was 2.6 liters or 50 ml/hr. The blood 
pressure rose to hypertensive levels 20 
hours postoperatively; he became ex- 
tremely restless and developed hematuria 
and oliguria. Hypertension was sustained 


Fig 2.—Fluid volumes for phase 1 (case 1) include initial seven 
hours in emergency room and 3.5 hours in operating room. He had 
gained 12.9 kg by end of phase 2 which lasted 43.5 hours. 


although he received chlorpromazine 
(Thorazine) for sedation and furosemide to 
maintain urine output. By the end of phase 
2 he was grossly edematous and had 
gained 33.6 kg (74 lb). The central venous 
pressure was 35cm H,O and he had severe 
respiratory failure. 

Increasing irritability and twitching on 
stimulation progressed to multiple convul- 
sions two days after the onset of phase 3. 
There was no papilledema, and lumbar 
puncture showed normal spinal fluid; an 
electroencephalogram showed diffuse corti- 
cal dysfunction. The seizures were con- 
trolled with diazepam (Valium). The dos- 
age of furosemide was gradually reduced 
and was discontinued on the seventh day. 
Although the patient continued to have a 
marked diuresis, the blood urea nitrogen 
rose to 207 mg/100 ml and the serum 
creatinine to 18.3 mg/100 ml. He remained 
hypertensive, had two convulsions on the 
eighth day, and became obtunded with 
generalized rigidity. On the tenth day 
fluids were severely restricted, albumin 
was discontinued, and chlorpromazine was 
given to lower the blood pressure; methyl- 
dopate (Aldomet Ester) hydrochloride was 
added on the 14th day. The pressure re- 
turned to normal on the 16th day and his 
mental status improved tremendously. He 
was discharged on the 58rd day with nor- 
mal blood pressure, mentation, and renal 
function. 


Comment 


Postresuscitation hypertension is 
caused by an acute hypervolemia, sec- 
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Fig 3.—Hypertension, which occurred near end of phase 2 in this 
patiemt (case 2) with abdominal ēortic injury, was considered ‘'‘se- 
vere” since it persisted during phase 3 despite diuretic therapy. 


ondary to the rapid intravascular flux 
of previously sequestered third-space 
fluid. Its prevention, therefore, could 
be achievec by restricting fluid and 
electrolyte mfusion during resuscita- 
tion. Fluid restriction at this time, 
however, hes invariably led to aggra- 
vated hypozension, renal failure, and 
often death. Shires and co-workers’ 
showed that hemorrhagic shock in 


dogs is assceiated with a reduction in 


the extracellular fluid compartment 
and that this defect can be corrected 
with infusion of electrolyte solution 
plus shed »lood. Seme investigators 
have suggested that large amounts of 
sodium anc water ere sequestered in 
collagen during hemorrhagic shock.** 
Thus, both clinically and experimen- 
tally, an cbligatory third-space ex- 
pansion oecurs with hemorrhagic 
shoek. This third space cannot be pre- 
vented by fluid res:riction, but must 
be filled to prevent effective hypovo- 
lemia as jadged by the response of 
the blood pressure and pulse rate. 
This thirdspace expansien is compa- 
rable to that of the severely burned 
patient, with the prime difference 
being the mechanism of eellular dam- 
age, which is heat in the burned pa- 
tient compared to poor perfusion and 
cellular ischemia ir the patient with 
hemorrhagic shock. 
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Fig 4.—Fluid volumes for phase 1 (case 2) represent initial resus- 


More recently, experimental stud- 
ies at the cellular level have at- 
tempted to localize this third-space 
expansion. Shires and co-workers’ 
have demonstrated muscle cell mem- 
brane depolarization during hemor- 
rhagic shock in the baboon, which is 
associated with an increase in both 
intracellular sodium and water and a 
decrease in extracellular muscle wa- 
ter. This suggests that cellular swell- 
ing occurs during hemorrhagic shock, 
due to an internal redistribution of 
water and electrolytes. Such swelling 
has been confirmed by electron mi- 
croscopy in hepatocytes and myocytes 
following hemorrhagic shock in rats.° 
The degree of obligatory third-space 
expansion should be directly related 
to the degree of cellular injury and, 
therefore, the duration and severity 
of shock and impaired cellular perfu- 
sion. This concept is supported in the 
present series in which it was ob- 
served that those patients who re- 
quired the greatest number of trans- 
fusions during resuscitation also 
gained the most weight. Further- 
more, it is clear that the most effec- 
tive way of correcting this abnormal 
distribution of sodium and water and 
restoring cellular function is by a re- 
suscitation that combines both bal- 
anced electrolyte solution and blood 


citation and operation, an interval of 17 hours and a second 4 hour 
operation for control of bleeding. He had gained 33.6 kg by end of 
phase 2 which lasted 53.5 hours. 


in volumes sufficient to restore and 
maintain normal blood pressure, 
pulse rate, and urine output. 

Early administration of normal hu- 
man serum albumin and diuretics 
during resuscitation has been pro- 
posed as a means of decreasing the 
amount of saline required to main- 
tain vital signs and urine output. 
Such albumin administration is pur- 
ported to prevent extravascular fluid 
expansion and posttraumatic pulmo- 
nary insufficiency. Albumin not only 
failed to prevent weight gain and 
third-space expansion in the present 
series of patients, but was associated 
with a longer phase 2, need for larger 
volumes of blood and saline, and a 
greater weight gain. One may specu- 
late that albumin, by delaying third- 
space expansion, may restore blood 
pressure without restoring cellular 
function, thus prolonging resuscita- 
tion and recovery. The use of diuret- 
ics to prevent third-space expansion 
in phases 1 and 2 only masks the un- 
derlying extracellular defect and may 
even cause further hypovolemia and 
hypotension. 

Unfortunately, there is no satisfac- 
tory method of determining the point 
at which this obligatory third space 
has been filled. However, all patients 
appeared to reach a new steady state 
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toward the end of phase 2, at which 
time only small volumes of fluid were 
required to maintain blood pressure 
and urine output. At this time, the 
salt and water apparently is moving 
from the nonfunctional third space 
into the vascular space and repre- 
sents an autoinfusion. Renal excre- 
tion is the only effective mechanism 
for handling this autoinfusion. How- 
ever, the renal parenchymal cells may 
have received a similar cellular insult 
to that which occurs in the liver and 
muscle cells. Therefore, two factors 
cannot be controlled: (1) the rate of 
autoinfusion and (2) the recovery of 
renal tubular function. If the rate of 
autoinfusion is greater than that 
which can be handled by the kidney, 
there will be an increased sodium load 
and vascular volume, resulting in 
acute hypervolemia and _ hyperten- 
sion. The inverse relationship be- 
tween the rate of urine flow and the 
severity and duration of hypertension 
suggests that impaired renal function 
prevented an appropriate diuretic re- 
sponse in the hypertensive patients. 
This may be related to an increase in 
renal vascular resistance and a de- 
crease in renal blood flow, which was 
demonstrated in all six of the 20 hy- 
pertensive patients in whom these 
studies were done at 36 hours after 
the onset of the diuretic phase.’ In 
contrast, the two normotensive pa- 
tients in whom these same studies 
were obtained within 36 hours of the 
onset of phase 3 had normal renal 
blood flow and renal vascular resist- 
ance. The prolonged diuretic phase in 
the three patients with severe hyper- 
tension probably reflects the much 
larger volumes of sequestered sodium 
and water and a more severe renal 
impairment. 

Intravenous administration of hu- 
man serum albumin during resuscita- 
tion may also adversely affect renal 
function. Carey et al* reported that 
severely injured Vietnam casualties 
resuscitated with albumin-in-saline 
solutions had a much less satisfactory 
clinical course as compared to those 
resuscitated with saline solution. 
Their patients receiving albumin re- 
quired nearly twice as much blood, 
put out half as much urine, and did 
not have significantly higher total 
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protein or albumin levels. Siegel and 
co-workers® found a significant de- 
crease in extraction of p-amino- 
hippurate in baboons resuscitated 
with albumin-in-saline solution com- 
pared to saline-resuscitated animals 
who had normal extraction. They con- 
cluded that this decreased extraction 
of p-aminohippurate indicated severe 
renal tubular dysfunction in albumin- 
resuscitated animals. Interestingly, 
the patients in the present study who 
received the larger amounts of albu- 
min during resuscitation had the 
lower hourly urine volumes and the 
more severe hypertension. This sug- 
gests that albumin may interfere 
with a saline diuresis and prolong the 
renal insult, thus making the hyper- 
volemic state worse when auto- 
infusion occurs.” Other factors that 
require study in relation to the etiol- 
ogy of postresuscitation hypertension 
include the renin-angiotensin system 
and the pituitary-adrenal axis. Inci- 
dentally, eclampsia of pregnancy is 
also associated with hypertension, 
inordinate sodium and water reten- 
tion, proteinuria, and convulsions. 
The morbidity of postresuscitation 
hypertension appears to be related to 
the acute hypervolemic state. Res- 
piratory failure was minimal at the 
end of phase 1 despite severe injury, 
shock, a major operative procedure, 
and massive blood and fluid infusion. 
Respiratory failure increased in se- 
verity near the end of phase 2, was 
maximal at the peak of hypertension, 
and improved with diuresis. Hema- 
turia is most likely due to a diapedesis 
of red blood cells secondary to the 
high arterial pressure and-may be an 
early manifestation of renal failure. 
Encephalopathy also occurred after 
the onset of hypertension, dis- 
appeared when hypertension sub- 
sided with diuresis, and, likewise, 
appears to be related to the hyper- 
volemic state. However, when hyper- 
tension persisted despite diuresis, the 
central nervous system abnormalities 
not only persisted but progressed. 
The morbidity of postresuscitative 
hypertension in these 20 patients em- 
phasizes the need for anticipation, 
prompt recognition, and appropriate 
treatment. During the initial resusci- 
tation, fluid therapy must be carefully 


monitored to prevent further hypo- 
tension and cellular ischemia. The 
rate of fluid infusion, however, must 
be decreased once the obligatory third 
space has been filled and mobilization 
begins. Respiratory failure must be 
anticipated and ventilatory support 
provided as needed. Digitalization 
prior to fluid mobilization may im- 
prove cardiac function during this 
acute hypervolemia. If the patient be- 
comes hypertensive or oliguric with 
fluid restriction, diuretics should be 
given to facilitate sodium and water 
excretion. If this fails to correct the 
hypertension, vasodilators such as 
chlorpromazine should be added to ex- 
pand the vascular capacitance and de- 
crease the load on the heart and the 
risk of encephalopathy. If albumin 
has been used during resuscitation, it 
should be discontinued if hyperten- 
sion occurs. This combination of fluid 
restriction, colloid cessation, diuret- 
ics, and vasodilators should minimize 
the complications of acute hyper- 
volemia and hypertension. Once the 
kidney is able to excrete the previous 
sequestered sodium and water load, 
the hypertension will subside. 


This investigation was supported by the De- 
troit General Hospital Research Corporation. 
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Discussion 


F. WILLIAM BLAISDELL, MB, San Fran- 
cisco: We did not have the opportunity to 
review our own statistics at San Francisco 
General Hospital relative to zhe incidence 
of hypertensson occurring afer resuscita- 
tion from mzjor shock and imjury. My im- 
pression is -hat this is a ~elatively in- 
frequent prolem in our environment. I do 
not really understand the eifference be- 
tween this experience with 2€ out of 33 pa- 
tients with serious injury having serious 
degrees of hypertensicn and eur own expe- 
rience. This sypertension might be caused 
by a number of different mezhenisms. 

One logical explanation waulé be hyper- 
capnia. There were no statistacs given rela- 
tive to the monitoring of ood gases in 
these patients, but I assume haz was done. 

Another explanatior might be some type 
of transfusien reaction because all of these 
patients received more than 10 units of 
bleod. Unde= these circums-ances, minor 
mismatches sould occur ever though blood 
is cross matched. Wien emergencies of 
this type oceur there may not be time to 
carry out cross matching, .o this might 
be the explanation. Another might be 
disseminated intravescular coagulation. 
There was evidence of multorgan failure 
of the type that we assocate with dis- 
seminated iatravascu_ar coagulation. The 
mechanism could be secondary to obstruc- 
tien of renal arterioles and producing some 
type of ischemic damage. 

Next is tae pessib:lity tkat this is re- 
lated to some type of ischemic renal dam- 
age that occurred during zhe period of 
shock. And ‘astly, the explanation that al- 
bumin may se responsible is an intriguing 
one. Certainly we hav2 seen orcblems with 
overenthusiastic use of eollcds in resusci- 
tation, and when we have reviewed our 
series of patients resusciteted with col- 
loids, as oppesed to patients who have been 
resuscitated with saline solutions or blood 
or both, the incidence of problems of wet 
lungs appears less then in a corresponding 
group receiving more colloid We postulate 
that this is because the shock state pro- 
duces an inerease in vascular permeability. 
Se if you arbitrarily 7aise tae colloid level 
by the administration of albamin, you may 
increase the amount of colloed lost into the 
tissue. This edema, of course, would be 
much more severe ard difficult to reverse 
than edema produced by simple water 
overload. If certain critica. areas in the 
brain, kidneys, or endoerine system were 
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damaged by this edema, hypertension 
could conceivably result. 

ROBERT J. FREEARK, MD, Maywood, Ill: I 
think it has been obvious to me for the last 
few years that the center of the knife and 
gun club activity has shifted from the 
streets of Chicago to those of Detroit. I am 
astounded at the volume of work that is 
going on at the Detroit General Hospital 
and the magnitude of their trauma load 
each time they bring forth their material. 

Those of you that know the problems of 
obtaining patient weights in intensive care 
units as well as getting a good hold on how 
much volume has actually been given in a 
critically injured patient with massive re- 
placement therapy, I think would be im- 
pressed by the data. Time interval is an- 
other important statistic in their study, I 
trust accurate, but certainly extremely 
hard to obtain under the critical settings 
that were described. 

In regard to their observations, I read 
the reporting of a new syndrome here with 
perhaps four components to it. Reflecting 
back again on our own patients in these 
predicaments, I think that we have seen 
each of the components of the syndrome, 
either the hematuria or the hypertension 
or the central nervous system irritability 
or the respiratory insufficiency on many 
occasions. What we probably do is make a 
postulate as to what caused it, and then 
when that postulate was proved wrong, 
kind of forget it. Many times the problem 
has resolved itself. 

For example, if the patient was showing 
some signs of central nervous system ir- 
ritability, we would probably assume it 
was hypoxia. When the results of blood gas 
study came back and did not confirm the 
hypoxia, we would kind of leave it unre- 
solved, particularly if the patient was im- 
proved. What I think our authors are sug- 
gesting today is that if we look hard at 
some of these things, eg, the patient with 
hematuria, and if we stop calling it a 
transfusion reaction, we may indeed iden- 
tify this syndrome as being fairly fre- 
quent. 

I, too, was impressed with the implica- 
tions of albumin therapy. It seems to me 
this is an additional critique on that form 
of resuscitative therapy. As you recall, 
Moncrief and others have impressed upon 
us the fact that albumin is inappropriate 
replacement therapy for the burn patient, 
particularly in the first 24 hours. Carey 
and the group from Vietnam impressively 
demonstrated that combinations of albu- 
min and saline infusions did not do the 
best job in resuscitation. It required twice 
as much blood and had half as much uri- 
nary output as in the group resuscitated 
initially with saline alone. 


Drs. Blaisdell, Moss in Chicago, and oth- 
ers have suggested, I believe, a higher inci- 
dence of posttraumatic respiratory failure 


in the albumin-resuscitated group. So it 


seems to me that we can add this particu- 
lar study to a growing body of further in- 
formation against this particular form of 
therapy. 

CLARE G. PETERSON, MD, Portland, Ore: 
This was a beautiful descriptive presenta- 
tion of the problems of massive trauma 
and of the problems of therapy for the pa- 
tient who survives. I would ask the ques- 
tion: was a correlation made (not with 
whole blood transfusion or albumin admin- 
istration) but with the amount of noncol- 
loid given during resuscitation? The clini- 
cal syndrome described is not so common 
following massive trauma in the North- 
west where we have a strong belief in the 
value of whole blood transfusien and albu- 
min (in spite of the comments from San 
Francisco, and knowing full well that I am 
in Texas). I would be inclined to relate 
much of what happened to a late phase 
iatrogenic syndrome of massive replace- 
ment therapy that relies heavily upon non- 
colloid. 

Basi. A. Pruitt, JR., MD, Fort Sam 
Houston, Tex: I am sure Dr. Ledgerwood’s 
presentation will help to improve the man- 
agement of the severely injured patient. 
Our greatest experience has been in the 
extensively burned patient whom we feel 
is representative of a severely injured pa- 
tient in terms of resuscitation fluid re- 
quirements. I am impressed, however, by 
the large volumes of crystalloid which Dr. 
Ledgerwood’s patients received and per- 
haps the authors could define what need 
these patients had for 40 liters of saline in 
the first 48 hours. 

Also, since they speculate that the cause 
of this hypertension is hypervolemia, I 
trust that they have some volume mea- 
surements which they will describe. They 
also mentioned disturbance of sodium 
homeostasis as a possible cause of their 
findings, and I wonder if they have any so- 
dium balance data on these patients. 

Tom D. THROCKMORTON, MD, Des Moines, 
Iowa: I would like to ask one question. 
There is an old, old treatment that many of 
us are inclined to forget. Mest intensive 
care units are not really familiar with it 


and it seldom comes to mind. In a situation ` 


of acute hypertension, in my experience, a 
prompt phlebotomy is often lifesaving. I 
should like to ask whether or not this has 
been practiced by the authors in the cir- 
cumstances of their presentation. 

Dr. Lucas: I would like to thank the dis- 
cussants for their comments. 

First off, in discussing the incidence of 
hypertension, we are not talking about a 
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55% incidence of postresuscitative hyper- 
tension but about a highly selected group 
of patients. It probably represents about 
1% or 2% of our admissions for gunshot 
wounds during that period of time, and we 
are trying to identify a syndrome in very 
severely injured patients. This group of 
patients required an average of 20 trans- 
fusions to the end of the operation, so they 
are highly selected. 

I will have to put together some of the 
questions, because many overlap. The dis- 
cussions, I think, emphasized two pros and 
two cons concerning the use of albumin. In 
our own patients we find that intrave- 
nously administered albumin as a bolus 
disappears from the blood volume about 
35% per hour in similar patients. 

In response to that, several authors have 
suggested that you need a continuous infu- 
sion of albumin in these patients, but I 
would remind you that the principles of 
Starling’s law and hydrostatic pressure, 
oncotic pressure, and so forth, become 
inoperative with a long-term continuous 
infusion. When you have maintained a cer- 
tain level of albumin within the vascula- 
ture, the albumin begins leaving the vas- 
culature, going into a third space, and you 
negate your oncotic pressure by having in- 
creased albumin on both sides of the mem- 
brane. 
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_ Dr. Blaisdell referred to this when he 
suggested that some of the postoperative 
pulmonary problems may be due to a re- 
verse oncotic effect. I do not think that oc- 
curs, but it certainly has to be considered. 

One other factor in the resuscitation, 
which Dr. Peterson brought up, is how to 
justify your fluid and colloid adminis- 
tration. I believe that most people advo- 
cate that crystalloid and blood be given on 
a 1:1 ratio. 

In the present patients, if you add up the 
amount of blood and fresh frozen plasma 
that was given during the acute period, 
phase 1, you find that this was more than 
the total amount of crystalloid. 

As far as needs are concerned, our objec- 
tive is to maintain a normal blood pressure 
and pulse during phase 1, and on into 
phase 2. In the early part of phase 2, the 
resident finds that when he slows down the 
intravenous infusions a little because the 
central venous pressure is elevated, all of a 
sudden the patient is in trouble. At the end 
of 36 hours, the blood pressure rises and he 
is not worried about it. Four hours later it 
rises further to 170 mm Hg and the patient 
has hematuria and is in trouble. At that 
point he has developed a hypervolemic 
state, from rapid autoinfusion. Venesec- 
tion (phlebotomy) then would be very ap- 
plicable. 


These patients did not have carbon diox- 
ide retention. As a matter of fact, most of 
them were hypocarbic. We have mistak- 
ingly diagnosed this as transfusion reac- 
tion, only to find out, when we checked the 
type and cross match, that it was correct. 

Some of these patients have shown the 
coagulation changes of massive transfu- 
sions with decreases in certain factors, but 
none of these patients had increased fibrin 
split products, so we don’t think we should 
make a diagnosis of disseminated intra- 
vascular coagulation. 

Finally, Dr. Blaisdell asked about spe- 
cific renal damage. In a parallel group of 
patients, nine of whom were in this group 
of 33 in which we measured renal function, 
we have shown that the patients who be- 
came hypertensive had decreased renal 
blood flow, increased renal vascular resist- 
ance, and changes in tubular function sug- 
gesting tubular ischemia, as opposed to 
those patients who did not have these renal 
changes and did not become hypertensive. 

The time was come for all those sur- 
geons who recommend albumin and resus- 
citation of the critically injured, trauma- 
tized patient to do a control prospective 
randomized study, and let us find out 
whether albumin does any good. 


Postresuscitation Hypertension/Ledgerwood & Lucas 


Py SL,” Ie 


Periampullary Carcinoma 


Stephen M. Wilson, MD, George E. Block, MD, MS (Surg), Chicago 


The records of 143 patients with peri- 
ampullary carcinoma were reviewed. Pa- 
tients treated əy resection lived an average 
of 25.0 months; those treated by bypass sur- 
vived only 5.5 months. No patient with carci- 
noma other than amptullary survived five 
years. Bypass procedures and resections had 
similar operative mortalities (19% vs 20%). 
The average symptom-free period for pa- 
tients undergeing bypass was 2.9 months, 
whereas for those undergoing resection it 
was 19.6 months. For pencreatic carcinoma, 
the symptom-tree period was 8.0 months af- 
ter resection and 2.8 months after bypass. 

Although the two groups of patients are 
not strictly comparable, the data and consid- 
erations of quality of life suggest that resec- 
tion should besattemptec whenever possible. 
Effective palliation is more likely to be 
achieved by resection than bypass. Empiric 
duodenal and biliary decompression do not 
appear to be justified. Absolute indications 
for bypass are biliary sapsis, gastric outlet 
obstruction, and intractable pruritus. 


ý aai appropriate operative treat- 
ment før those patients suffering 
from periampullary careinoma re- 
mains a comfused and debated topic. 
The surgecn has available to him 
three basic routes of operative ap- 
preach: resection, kypass, or simple 
biopsy. Surzeons of competence, ex- 
perience, and distinction hold widely 
divergent views as to the proper ther- 
apy for these lesions.'’* Womack has 
said of acinar eell cancers of the head 
of the pancreas, “One cannot cure this 
type of caacer by the most radical 
surgery of the present day.’”* Aston 
and Longmire believe that radical 
panereaticaduedenectomy should be 
employed for any proved or suspected 
periampullary malignant neoplasms 
that can be grossly cireumscribed.* 


Accepted for publication Dec 7%, 1973. 
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Crile has abandoned resections for 
adenocarcinoma of the head of the 
pancreas,‘ while Feduska et al decry 
bypass procedures as disappointing 
and advocate resection as the “best 
method of palliation.”* A pragmatic 
approach has been adopted by Child 
and Frey, who would restrict the per- 
formance of pancreaticoduodenectomy 
to elite surgeons and institutions." 
Under these conditions, an acceptable 
mortaility may be realized, palliation 
achieved, and an occasional cure 
materialize. 

Such divergent advice from so 
many surgeons attests to the univer- 
sal recognition’ that resection is asso- 
ciated with few cures, many deaths, 
and questionable palliation.’ Conver- 
sely, decompressive bypass proce- 
dures often fail to palliate and may 
prematurely end life.’ 

In the setting of this therapeutic 
dilemma, we have reviewed the 
records of our patients suffering from 
malignant neoplasms of the peri- 
ampullary region in the hope of de- 
termining by retrospective means in- 
herent superiority or deficiencies of 
any of the three basic operative ap- 
proaches. In addition to the usual in- 
dices of mortality and survival, we 
have directed special attention to the 
subjective appraisal of the quality of 
life and survival afforded the treated 
patients. 


Material 


The records of 180 patients seen at the 
University of Chicago Hospitals and Clin- 
ics between 1944 and 1970 were reviewed. 
All patients in this series had carcinoma of 
the periampullary region. No instances of 
neoplasms of the hepatic duct or distal 
pancreas were included. Also excluded 
were patients suffering islet cell tumors of 
the pancreas, as well as lymphomas and 
sarcomas of this region. Therefore, all pa- 
tients in this series had adenocarcinoma of 
the region of the head of the pancreas as 
determined by the operating surgeon with 
the aid of histologic confirmation. 


Thirty-seven patients were excluded as 
their disease was either discovered at au- 
topsy or the diagnosis was not verified his- 
tologically. The discussion is based on the 
remaining 143 patients: 73 men and 70 
women. One hundred thirty of these pa- 
tients were white and 13 were black. The 
patients ranged in age from 39 to 90 years, 
with an average age of 52.9 years. 

The 143 patients of the series were di- 
vided into groups according to the sup- 
posed origin of their tumor and the main 
modality of therapy employed. The site of 
origin of the carcinoma was determined to 
be either distal common bile duct, duode- 
num, head of the pancreas, or ampulla of 
Vater. The treatment groups included pan- 
creaticoduodenectomy (35 patients; eight 
[23%] died), palliative bypass (98 patients; 
19 [19%] died); and simple biopsy (10 pa- 
tients; none died). 

There was no social or economic selec- 
tion of the patients in this series. The pa- 
tients varied from indigent to affluent. A 
number of surgeons of varying skill and 
experience performed the operations. The 
surgeons ranged in experience from senior 
resident to junior or senior attending sur- 
geon. 

Carcinoma Originating 
in the Head of the Pancreas 


There were 103 patients whose car- 
cinoma originated in the head of the 
pancreas. Eighty of these patients 
were afforded a palliative bypass, 18 
patients underwent pancreaticoduo- 
denectomy, and the remaining ten 
had diagnosis only by biopsy without 
attempts at operative remedy. 

Palliative Procedure.—Although the 
overwhelming majority of these 80 
patients harbored far-advanced le- 
sions not amenable to resection, there 
were relatively few indications of 
their dire state prior to operation. 
Ten patients were never jaundiced, 
and ten did not suffer weight loss. 
Each patient complained, however, of 
either nausea, weakness, or abdomi- 
nal fullness. A palpable liver, gall- 
bladder, or abdominal mass was 
found in slightly less than half of the 
patients. 
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A number of diagnostic procedures 
were performed for these patients in- 
cluding roentgenographic examina- 
tion of the stomach and duodenum, 
liver scan, and duodenal aspiration 
with exfoliative cytology or examina- 
tion of the volume and bicarbonate 
content of the pancreatic drainage or 
both. Forty-one of the 80 patients had 
abnormal gastroduodenal roentgeno- 
grams. Common abnormalities re- 
corded were duodenal mucosal disrup- 
tion and duodenal outlet obstruction. 
Of 20 patients undergoing liver scan, 
five revealed hepatic metastases that 
were confirmed at operation. There 
was one false-normal liver scan. Cyto- 
logical evidence for cancer was found 
in 21 of the 39 patients so tested. The 
volume or bicarbonate content of the 
pancreatic aspirate was abnormal in 
11 of 19 patients undergoing this ex- 
amination. 

At operation, the tumor in the head 
of the pancreas varied from 1 to 20 
em in diameter. Thirty-three patients 
harbored tumors less than 5 em, and 
41 patients had tumors measuring be- 
tween 5 to 10 cm. The remaining six 
patients had tumors larger than 10 
em. Spread of the neoplasm to the 
liver, retroperitoneal lymph nodes, or 
invasion of the portal or superior 
mesenteric vessels was found in 61 of 
the 80 patients. Six patients with lo- 
cal invasion also had far-distant vis- 
ceral metastases. 

Of the 19 patients without obvious 
local invasion, eight were thought to 
be too elderly to safely undergo resec- 
tion. In the other 11 patients, the sur- 
geon empirically chose a palliative 
procedure rather than resection. 

All 80 patients in this group under- 
went a biliary tract decompression. 
Four underwent choledochojejunosto- 
my via a Roux-en-Y. Seventy-six pa- 
tients were treated by a loop cho- 
lecystojejunostomy. Sixty-one of 
these 80 patients also underwent a 
duodenal bypass procedure usually 
performed as an antecolic gastrojeju- 
nostomy. 

Postoperative adjuvant therapy in 
the form of chemotherapy or radia- 
tion was employed for 17 patients. 
Two of the ten patients receiving 
chemotherapy experienced tumor re- 
gression, as did two of the seven pa- 
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tients treate! by radiation. The pe- 
riod of regression was no longer than 
one month in any instance. 

Eleven of the 80 patients (13.8%) 
did not surv:ve the operative proce- 
dure. Death occurred from 8 to 16 
days postoj eratively. The cause of 
death was renai failure in five pa- 
tients, hepatic iailure in two, anasto- 
motic leak with peritonitis in two 
patients, and pancreatitis in the 
remaining four patients. 

Survival for the remaining 69 pa- 
tients was recorded as was the symp- 
tom-free period and the time the pa- 
tient was able to spend at home. This 
latter period was estimated from the 
time the patient left the hospital and 
did not require nursing or custodial 
care. Of the 69 patients, only two 
lived more than 24 months—35 and 36 
months, respectively. The average 
survival was 5.7 months. The average 
patient who had been treated by a 
palliative operation and did not die in 
the postoperative period had a symp- 
tom-free interval of 2.8 months. The 
average patient spent 93 days out of 
the hospital after recovering from op- 
eration before death. 

Sixty-six of the 69 patients died as 
a direct result of residual neoplasm in 
the abdomen. Deaths were usually 
caused by liver failure secondary to 
biliary duct obstruction or starvation 
secondary to gastric outlet obstruc- 
tion. Widespread metastatic disease 
was recorded at postmortem exami- 
nation in only ten of the 69 patients 
examined. 

Resection.—Resection of the pri- 
mary tumor by pancreaticoduodenecto- 
my was performed in 13 patients. All 
of these patients had significant 
weight loss and were jaundiced prior 
to operation. Five of the patients 
were found to have occult blood in the 
stool, and nine had abnormalities in 
their upper gastrointestinal tract 
roentgenogram. Duodenal cytological 
findings were abnormal in five of 
eight patients. Duodenal drainage 
was abnormal in two of three pa- 
tients, and liver scan was undertaken 
in four patients with two false-abnor- 
mals. At operation, all patients but 
one had tumors smaller than 5 em in 
diameter. Two patients had local in- 
vasion of the superior mesentery 


vein. In one patient, the tumor was 
left adherent to the vein. In the other 
patient, a portion of the vein was re- 
sected and repaired primarily. This 
patient subsequently died from a 
small bowel infarction. Two patients 
had their operation supplemented by 
a total pancreatectomy. Other than 
these variations, all 13 patients un- 
derwent standard pancreaticoduo- 
denectomy. 

Three of the 13 (23%) patients died 
postoperatively. As mentioned, one 
patient died secondary to small bowel 
infarction, an additional patient died 
from respiratory infection, and the 
last patient died from liver failure. 

Two patients received postopera- 
tive chemotherapy, and two patients 
were treated by elective radio- 
therapy. i 

Ten of the 13 patients who survived 
operation had an average survival of 
10.3 months. In addition, these pa- 
tients had a symptom-free period 
averaging 8.0 months and an average 
time at home of 9.1 months. Only one 
patient in this group is now living 
three years postoperatively without 
symptoms. All the other patients are 
dead, the longest survival being 4.6 
years. This patient died from other 
causes without evidence of pancreatic 
carcinoma. The remaining eight pa- 
tients died of metastatic disease, and 
four of these developed recurrent bili- 
ary tract obstruction. 

Biopsy Only.—Of the patients with 
pancreatic carcinoma, ten had disease 
which did not lend itself to operative 
treatment because of the extent of 
the tumor. All ten of these patients 
were jaundiced and had suffered se- 
vere weight loss. Results of upper 
gastrointestinal tract examinations 
were abnormal in 75% of the patients, 
and cytological findings were abnor- 
mal in two of four patients tested. 
The liver scan demonstrated metas- 
tases in three of five patients. Lap- 
arotomy was performed in seven of 
these patients. Tumors of 5 to 10 cm 
were found in each case. Liver metas- 
tases were found in six patients, and 
the seventh patient had peritoneal 
implants. Three patients did not re- 
quire laparotomy. These patients had 
lung metastases, and histological con- 
firmation of the disease was achieved 
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by supraclaxicular node biopsy. 

Only one of these patients lived 
longer thar cne month, and only this 
patient was 2ble to leave the hospital. 
All ef the patients in this group rap- 
idly develomed disseminated disease 
and died. 


Carcinome ef the Ampulla of Vater 


Thirteen patients of our series suf- 
fered from cercinoma of the ampulla 
of Vater. Each of these patients com- 
plained of mederate weight loss and 
jaundice. > irterm:ttent jaundice 
was recordec. Stools were pesitive for 
occult blood ia sx of zhe 18 patients. 
Five patiemt= exhibited ulceration or 
mass of the duodenum on roentgen- 
ographic examination. Malignant 
cells were Zscovered on cytological 
examination n five of ten patients so 
studied, and the duodenal drainage 
was abnorme:l in three of feur pa- 
tients. 

At operatim, the tumors were less 
than 2 cm =» diameter in each in- 
stance. Ther= was no obvious meta- 
static diseas< nor local invasion be- 
yond the operative field. A standard 
pancreaticododenectcmy was per- 
formed in ech patient.’ 

‘Three of tæ I3 patients died as a 
direct resul. əf the operatien for an 
operative mortality of 23%. An anas- 
tomotic leak sceeuntec for one death, 
and liver fai ure for the other two. 

Of the ter surviving patients, the 
average patent lived 38.7 months 
with a symptonefree period of 32.4 
months. The ongest survival was 25 
years; this patient eventually died 
from carcinoma of the lung. The pa- 
tients in ths zroup spant an average 
of over three years of productive 
postoperative life. Two patients are 
still living acparently free of carci- 
noma. One patient is 15 years postop- 
erative, anc the other is two years. 
Six patients sied of their carcinoma. 
Death was ually caused by recur- 
rent biliary -ract obstruction. One pa- 
tient died fear years after eperation 
of cardiac dsease. At autopsy no evi- 
dence of carcinoma wes found. 


Carcinoma of the Common Duct 


Twenty-on= of our patients were 
found to suffer from carcinoma of the 
common bile tact. Excluded from this 
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classification were those patients 
whose tumors were located in the 
proximal part of the common duct, 
hepatic duct, gallbladder, or those pa- 
tients with advanced carcinoma of 
the porta hepatis, making exact iden- 
tification of the origin of the tumor 
impossible. 

Three of the 21 patients in this 
group underwent resection in the 
form of pancreaticoduodenectomy. 
All of these patients were jaundiced, 
one had significant weight loss, and 
two of the three patients had occult 
blood in the stool. At operation, the 
tumor was localized near or at the 
pancreas head and was less than 3 cm 
in diameter in each instance. One pa- 
tient’s tumor was invasive into the 
transverse mesocolon, but there was 
no other local invasion. 

There were no postoperative 
deaths. One of the three patients un- 
dergoing resection died 11 months 
postoperatively from metastatic dis- 
ease in the liver. Of the two remain- 
ing patients, one is alive and well 18 
months postoperatively. The last pa- 
tient is alive with recurrent disease 
34 years after operation. To date the 
three patients undergoing resection 
had had an average symptom-free pe- 
riod of 15 months. All of the patients 
were able to return to a useful exist- 
ence and live at home for extended 
periods of time. 

Eighteen of the 21 patients with 
common duct carcinoma were treated 
by a diverting procedure. All of these 
patients had a weight loss and jaun- 
dice prior to operation. Abnormal cy- 
tological findings were obtained in 
four of the eight patients tested; he- 
patic metastases were demonstrated 
preoperatively by scan in one patient. 

Local invasion or liver metastases 
were found in 16 of 18 patients at op- 
eration. The remaining two patients 
were thought by the attending sur- 
geon to be too old to withstand resec- 
tion. 

Eight of the 18 (44%) patients un- 
dergoing bypass procedures died in 
the immediate postoperative period. 
Liver failure caused death in five, re- 
nal failure in one, and an anastomotic 
leak in two patients. 

Of the ten patients who survived 
operation, all died from their disease 


within one year of the operation. The 
average survival was 4.3 months, with 
symptom-free period of only 3.5 
months. The length of time spent at 
home averaged a mere four months. 
While all of the patients eventually 
died of the neoplasm, only two had 
widely disseminated disease at the 
time of death. Death was usually 
caused by local extension of the tu- 
mor in the abdomen. 


Duodenal Carcinoma 


A carcinoma originating in the 
first or second portion of the duode- 
num was found in six patients. All 
carcinomas of gastric origin were ex- 
cluded. All patients in this group ex- 
perienced weight loss and melena. 
Three of the six patients were jaun- 
diced. A mass in the duodenum was 
demonstrated roentgenographically 
in all patients, and four of the pa- 
tients had cytologic evidence of dis- 
ease. None of these patients under- 
went hepatic scanning or duodenal 
drainage. 

At operation, none of the patients 
was found to have local invasion or 
visceral metastases. Each tumor was 
between 3 to 6 cm in greatest diame- 
ter, and in each case resection was ac- 
complished by pancreaticoduodenec- 
tomy. 

Two of the six patients died in the 
postoperative period, one of pan- 
creatitis and one of renal failure. The 
remaining patients lived from one to 
five years for an average survival of 
32 months. Two patients have died 
from metastases at 12 and 42 months; 
one patient with recurrent disease 
died in the fifth year from heart dis- 
ease. 


Comment 


The lethal nature of carcinomas 
arising in the pancreaticoduodenal 
region and the difficulty in affording 
their bearers meaningful palliation 
led us to review the records of our pa- 
tients suffering malignant lesions of 
this region. The results obtained in 
our institution with a varied patient 
population by a number of different 
surgeons was disappointing. Our 
diagnostic studies were inaccurate, 
our attempts at cure futile, and pal- 
liative efforts unrewarding. Our lack 
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of success is mirrored by conflicting 
and disparate advice given by a size- 
able number of surgeons of dis- 
tinction and experience. It is not un- 
reasonable to assume that the theses 
offered by these surgeons are each 
valid for their patients in their par- 
ticular care. 

The usual diagnostic studies uti- 
lized for upper gastrointestinal tract 
lesions were not of particular value in 
the majority of patients so tested. 
Clinical jaundice and a noticeable 
weight loss were present in the ma- 
jority of patients, regardless of the 
extent of their lesion. Cytologic ex- 
amination of the duodenal aspirate 
was, however, highly reliable when 
the results were abnormal, but on 
many occasions the results were nor- 
mal even in the presence of large tu- 
mors. 

In a retrospective study such as 
ours, the group of patients under- 
going resection was not strictly com- 
parable to that treated with bypass. 
However, several patients treated by 
bypass were empirically treated and 
would be candidates for resection in 
the hands of more aggressive sur- 
geons. Admittedly, however, the pa- 
tients who underwent resection were 
generally hardier patients with 
smaller and more localized lesions. 
Considering pancreatic tumors alone, 
the two treatment groups became 
comparable because, regardless of the 
characteristics of the local lesion, all 
of the patients appeared to be 
doomed. et 

In 35 patients, resections did yield 
three five-year survivals. No five-year 
survivals were recorded for patients 
undergoing a palliative bypass. Ten 
one-year survivals followed the by- 
pass procedures, and 15 followed re- 
section, in spite of the fact that many 
more bypass operations were per- 
formed. 

Whether the surgeon elected to re- 
sect or decompress, the operative 
mortality was approximately 20%. 
The symptom-free period for patients 
with periampullary carcinoma under- 
going decompression averaged only 
2.9 months. A resection resulted in 
freedom from disabling symptoms for 
19.6 months. 

Considering only carcinomas of the 
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pancreatic head, those patients sub- 
jected to bypass were free from 
symptoms for 2.8 months, while their 
counterparts who underwent resec- 
tion were relieved for eight months. 
If the attending surgeon did not per- 
form a radical resection when pos- 
sible, some of his patients suffering 
ampullary carcinoma would have 
been denied cure. 

It is obvious that neither resection 
nor bypass solves the therapeutic di- 
lemma of periampullary carcinoma; 
each has its indications, limitations, 
and failures.’ Conversely, neither pro- 
cedure can be uniformly condemned. 
The proponents of each procedure 
have made proper, if sometimes lim- 
ited, observations. 

Crile has abandoned resection for 
carcinoma of the head of the pan- 
creas.‘ He advocates bypass because 
of the apparent futility of striving 
for cure, and, at his institution, sur- 
vival was nearly equal in the two 
groups with the advantage resting 
with the palliative procedures. Our re- 
sults are at variance with his latter 
observation. . 

Resection is favored by Aston and 
Longmire for periampullary carci- 
noma.’ An overall mortality of 13.8% 
resulted. However, there were no 
deaths in the 31 patients treated per- 
sonally by Dr. Longmire, and the en- 
tire series had only a 5.1% operative 
mortality in the last 9 years. Pallia- 
tive procedures were accompanied by 
a 14.6% operative mortality. An aver- 
age survival rate was from 15 to 63 
months following resection, while pal- 
liation resulted in survival of from 5.2 
to 8.1 months. Little wonder these au- 
thors opt for resection whenever pos- 
sible. | 

Feduska et al state that pan- 
creaticoduodenectomy offers the pa- 
tient a chance for cure and addition- 
ally provides the best method of 
palliation.’ They ask whether the re- 
lief of jaundice is important enough 
to justify a 38% operative mortality. 
Our data would substantiate the posi- 
tion of these authors, but we must 
modify our position by stressing the 
absolute and relative indications for 
bypass procedures. The majority of 
eventual deaths occur from liver fail- 
ure, sepsis, and inanition. In an other- 


wise nonterminal patient, significant 
palliation can be achieved by a bypass 
procedure to overcome intractable 
pruritus, ascending cholangitis, and 
gastric outlet obstruction. 

The relative indications for resec- 
tion or bypass must still be evaluated 
by the individual surgeon exercising 
his informed and experienced judg- 
ment. Child and Frey have succinctly 
and correctly delineated the relative 
indications for resection—and, by ex- 
clusion, bypass—by stating that re- 
sections should be confined to “a 
few surgeons technically and temper- 
amentally endowed to pursue pan- 
creaticoduodenectomy with special 
vigor. Under these circumstances sur- 
gical mortality will prove acceptable, 
real palliative values will be achieved, 
and an occasional cure materialize.” 


Conclusions 


(1) Emperic attempts at palliation 
fail to significantly benefit patients 
with periampullary carcinoma. Such 
attempts often prematurely end life. 

(2) Pancreaticoduodenectomy of- 
fers only infrequent cures and is 
accompanied by a high operative mor- 
tality. Resection does, however, ap- 
pear to be the best form of palliation. 

(3) Bypass palliative procedures 
are absolutely indicated for intrac- 
table pruritus, biliary sepsis, and gas- 
tric outlet obstruction. 

(4) Resections should be performed 
for the hardy patient by the experi- 
enced surgeon of demonstrated abil- 
ity working in institutions that rou- 
tinely provide care for major surgical 
problems. 
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S$. M. Luspenaver, MD, Ann Arbor, 
Mich: The surgical treatment of peri- 
ampullary carcnoma remains a controver- 
sial subject. Only rarely can the surgeon 
consider cur such patients, and the nu- 
merically more important group are those 
patients in wm palliazion is the only re- 
alistic surgiea objectior. 

A knowledg= of the actual benefits and 
hazards of palliative operations would as- 
sist the surgeen in choosing the method of 
treatment bes suited to a particular pa- 
tient, and tis article addresses itself 
directly to ths problem. 

Adenocarcinoma of the pancreas is the 
most importaat ef the periampullary can- 
cers. It is am «ggressive neoplasm, and at- 
tempts at paBiation are associated with a 
high eperativ= mortality and oniy limited 
relief of symptoms for a strikirgly short 
interval. 

We recentl reviewed 101 patients with 
pancreatic carcinoma, 38 of whem under- 
went operatian. In 16 patients, an attempt 
at cure was sought by means of pancrea- 
ticeduodenectomy. The operative mortality 
was high in all categories (83% zo 41%). 

Attempts et palliaticn provided relief of 
symptoms only half af the time and in- 
creased the euration af surviva. and time 
spent at home for only a matter of 70 days, 
at a considerable cost in operative mortal- 
ity. 

Pancreati@duodeneetomy, while rarely 
curative, appears to offer a substantially 
larger survival and more often provides re- 
lief of sympwoms. 

I certainly agree with the conclusions 
ef the authces. Pancreaticoduodenectomy, 
when appliee with cure as the goal, will in 
reality preville the best form of palliation. 
Also, it is semetimes difficult az operation 
to distingmish pancreatic carcinoma from 
the more taworable ampullary neoplasms, 
and the ecentinued utilization of pan- 
creaticoduecenectomy will cccasionally 
prove curate for those latter, less aggres- 
sive lesions. 

I would Ixe to ask the authors if they 
have had æny experience with chemical 
splanchnieeetomy, which in our hands has 
proved quite useful for the relief of pain in 
these patients. 

Only by such honest and realistic ap- 
praisal of the results of present techniques 
of treatment as presented by Drs. Wilson 
and Block will we be able to provide ratio- 
nal care fortthis difficalt group of patients. 


Arch SureAVol 108, April 1974 


7. Howard JM, Jordan GL: Surgical 
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Discussion 


JosepH L. Ponka, MD, Detroit: I have 
continued to be fascinated by tumors in 
this area, and thoroughly enjoyed the pre- 
sentation of Drs. Wilson and Block. They 
have effectively called our attention to the 
gravity of the malignancies in this area. I 
would point out that the mortality for tu- 
mors in this area is 100% in untreated pa- 
tients or so-called palliated patients. 

Part of the problem arises from the con- 
fusion of the various lesions that occur in 
this area. For instance, those malignancies 
of pancreatic origin present an entirely 
different problem to those located in the 
ampullary area. 

Carcinomas of the pancreas generally 
have responded poorly to surgical treat- 
ment in our hands. This is understandable 
because such tumors grow to a large size in 
a relatively silent area and are late to as- 
sert themselves, and then, of course, com- 
plete operative removal is impossible. 

On the other hand, I think it is wise to 
consider the ampullary carcinomas and 
periampullary carcinomas separately. 

Outerbridge called attention to the fact 
that these tumors may arise from differ- 
ent areas, namely, the ampullary epithe- 
lium, the distal common bile duct, the pan- 
creatic duct, the Brunner gland, aberrant 
pancreas, and finally the duodenal epithe- 
lium itself. 

In any event, obstructive jaundice occurs 
comparatively early in the ampullary le- 
sions. In one such patient, the obstruction 
asserted itself on the T-tube cholangio- 
gram in two different ways. Both cho- 
langiograms showed the same malignancy. 
One appeared much like a common duct 
calculus. To make matters more compli- 
cated, this patient had cholecystitis, cho- 
lelithiasis, choledocholithiasis, and pan- 
creatitis before his carcinoma appeared in 
the ampullary area. I wish we had had Dr. 
Gaisford examine this patient by duode- 
noscopy. 

Another patient, with complete obstruc- 
tion of the distal common duct, was hospi- 
talized because of jaundice, chills, and 
fever. Operation was delayed and, as ex- 
pected, he died rather promptly. This pa- 
tient could have tolerated decompression 
of his biliary tree. Autopsy performed on 
this patient showed that the lesion was still 
resectable. 

Palliative operations, as the authors 
have shown, give short-term survivals. The 
average survival time in our patients was 
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only five months. When we perfermed the 
two-stage resections, the patient spent 53 
days in the hospital and survived an aver- 
age of only 16 months. 3 

One-stage resections were performed 
for eight patients with ampullary lesions. 
They spent 34 days in the hospital and had 
an average survival time of 59 months. 
Two of these patients are still alive. We 
have since resected two additional lesions, 
and these patients are also living. Thus, we 
now have four patients with ampullary 
carcinoma still surviving. 

I would urge individualized treatment 
for lesions in the ampullary area and not a 
lumping of them all in the same bucket 
with pancreatic carcinomas. I am firmly 
convinced that many of these lesions are 
favorable and should be resected. As the 
authors have shown, the best results and 
best palliation follow resection. 

PHIL J. HARBRECHT, MD, Louisville: I 
would like only to emphasize two points: (1) 
There is one very favorable type of ampul- 
lary carcinoma, (2) Sometimes the patholo- 
gist can almost be more of a hindrance 
than a help. 

There were 22 survivors of 27 consecu- 
tive pancreaticoduodenectomies at the 
Louisville VA Hospital, and certain obser- 
vations on some of these survivors seem 
pertinent. 

The exophytic, papillary type of ampul- 
lary carcinoma seems to have a very good 
prognosis. One patient died of ether causes 
after seven years, apparently cured. An- 
other is living and well at 17 years postop- 


‘erative. Another died ten years postopera- 


tive from congestive heart failure, though 
with mild jaundice, and the fourth of this 
type died 15 months postoperative at home 
of unknown cause. 

The ulcerating type of ampullary carci- 
noma does not seem to carry this good 
prognosis. One of our patients died at 
ten months postoperative from bleeding 
esophageal varices due to portal vein ob- 
struction from cancer. 

The adenocarcinoma of the head of the 
pancreas that appears in a periampullary 
location has the usual poor pregnosis of its 
type. 

We join in recommending resection and 
believe there is increased palliation over 
bypass, but only rarely a long survival. 

The difficulty in differentiating adeno- 
carcinoma of the head from localized pan- 
creatitis has provoked considerable discus- 
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sion. We have heard and read much less of 
trouble in performing biopsies on the am- 
pullary lesions and wonder if our experi- 
ence has been unusual. 

One patient we saw is now cured after 
17 years. In 1954 the frozen section was 
normal, and the surgeon fortunately ig- 
nored it. 

Another patient was jaundiced with no 
palpable lesion except for a firm and thick- 
ened ampulla. A generous wedge sphine- 
terotomy specimen was labeled benign. Af- 
ter his death from carcinomatosis, the 
original slides were reviewed and some 
few elements of adenomatous hyperplasia 
noted after extensive study. 

One patient seen by us had a firm, thick- 
ened terminal pancreatic duct crossing be- 
hind the bile duct and causing jaundice by 
external compression. A wide, local exci- 
sion was interpreted initially as benign fi- 
brosis. After review, the pathologist said 
that there was some adenomatous hyper- 
plasia there, and, on the basis of the previ- 
ous case and after considerable discussion, 
we recommended reexploration. 

After five months the patient consented. 
At the time of the second operation he had 
no evident abnormalities, even after duo- 
denotomy, and nothing was done. Three 
years later he developed jaundice. On reex- 
ploration, the ampulla was firm and ap- 
peared to be surrounded by granulation 
tissue. Frozen section interpretation of 
a biopsy was again benign. The pan- 
creaticoduodenectomy was done anyway, 
and permanent sections showed adeno- 
carcinoma. The patient is doing well at the 
present time. 

So, to rephrase our two points, some 
periampullary lesions are of quite low- 


grade malignancy, and even if you like and 


admire your pathologist, as I do mine, you 
cannot give him your full trust on pan- 
creatic biopsies. 

EDWARD S. Jupp, MD, Rochester, Minn: I 
have a question for Dr. Gaisford. 

At a meeting at the Lahey Clinic this 
year, we were told by Dr. John Braasch 
that the method the authors described so 
beautifully today has replaced percu- 
taneous cholangiography. 
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At our institution, my junior colleague, 
Dr. Martin Adson, tells his residents, 
“Now you are about to embark on a long 
and perilous journey. Wouldn’t it be nice to 
have a really good road map to show where 
you are going?” 

We have used percutaneous cholangiog- 
raphy for “road maps.” 

I would like to ask the authors whether 
they, too, think that their currently de 
scribed method has replaced percutaneous 
cholangiography. 

Dr. BLock: In answer to Dr. Linden- 
auer’s queries, yes, we have adopted Dr. 
Kraft’s chemical splanchnicectomy. Where 
it is easy for us to inject the area around 
the crura of the diaphragm with phenol, 
this has been most effective and most dra- 
matic in a few patients usually suffering 
from carcinoma of the body of the pan- 
creas rather than those individuals whom 
we described this morning with peri- 
ampullary carcinoma. 

I think your figures, Dr. Lindenauer, and 
ours lead one to abandon the hour or two 
spent to get very exact indications for go- 
ing ahead or abandoning the Whipple op- 
eration. I think it is rather futile to inspect 
each leaf of mesentery, to dissect around 
the superior mesenteric vein and the portal 
vein in great detail to see if we have an ex- 
cuse not to go ahead with a rather large 
operation. We must assume that we are 
not going to cure a majority of these pa- 
tients, but we are going to give them the 
best opportunity at palliation. 

So, I would join with you, and certainly 
with Dr. Longmire, in advocating an em- 
piric pancreaticoduodenectomy in individ- 
uals in whom the tumor can be circum- 
scribed with an acceptable operative risk. 

I would emphasize that Dr. Longmire, in 
a recent publication, has shown in his own 
personal series no postoperative mortality 
and the entire institutional series only 
slightly over a 5% mortality for the pan- 
creaticoduodenectomy in the last nine 
years. 

Dr. Ponka, I certainly do agree that the 
ampullary carcinomas appear to be a less 
lethal lesion than pancreatic carcinomas. 
In our article, we point out that all of our 


ampullary carcinoma patients were jaun- 
diced initially. Not all of our pancreatic 
carcinomas were jaundiced. Thus, either 
earlier diagnosis or the biologic nature of 
the ampullary tumors appears to have a 
more favorable prognosis. 

Also, the exophitic type of tumors that 
both you and Dr. Harbrecht mentioned 
have been easily diagnosed by duodenal 
cytological study in the duodenal aspirate. 

We did not include in our series the time 
span when direct duodenoscopy was under- 
taken, but we have now added this to our 
armamentarium, as Dr. Gaisford has, and 
this has proved helpful. 

I would say parenthetically that in Dr. 
Gaisford’s series there were not the num- 
ber of patients with carcinoma of the head 
of the pancreas that one would expect in a 
group undergoing common duct cannula- 
tion. We have had some problems in our in- 
stitution with a rather virulent pan- 
creatitis when we did get a pancreatogram 
in an obstructing lesion. This has fore- 
stalled operation and perhaps made oper- 
ation a little more difficult. 

One final note. If one obeys Dr. Long- 
mire’s thesis and goes ahead to do a “cura- 
tive” operation, I think it is only fitting 
that one supplement the procedure by an 
aortocaval node dissection. It takes an ex- 
tra 20 to 30 minutes, but it certainly empir- 
ically, at least, removes a site of common 
metastatic deposits. 

I think it is quite obvious that this is not 
an everyman operation or an every-institu- 
tion operation. I deplore the philosophy 
that we all have to “notch our gun” with a 
Whipple. When one visits various res- 
idency programs, we find senior residents 
often decrying the fact that “I haven’t got 
my Whipple operation yet.” 

This is not an everyman operation. If it 
continues to be an everyman operation, we 
are going to continue to see the operative 
mortality of 20% and 40%. If it is an oper- 
ation that is restricted to experienced and 
competent surgeons, you will see results, at 
least in the mortality, that will approach 
Dr. Longmire and Dr. Howard’s splendid 
statistics. 
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Pancreatic Abscess 


Thomas A. Miller, MD; S. Martin Lindenauer, MD; 


Charles F. Frey, MD; James C. Stanley, MD, Ann Arbor, Mich 


Sixty-three patients with pancreatic ab- 
scess were emceuntered at the University of 
Michigan Medical Center from 1936 to 
1972. The martality of tne overall series was 
53.9%. No patients survived without surgi- 
cal interventien The mertality following op- 
erative incision and drainage was 37%. Lim- 
ited success *ollowing surgical therapy was 
attributed, in part, to a celay in the diagnosis 
of pancreatic apseess. Attention to clinical 
signs and symptoms and a high index of sus- 
picion showlé allow for earlier operative 
drainage and improve patient survival. 


ancreat-c.abscess remains a poten- 
tially lethal complication of pan- 
creatitis. Characterized by collections 
of purulent debris and necrotic tissue, 
it invariabey results in death if un- 
treated. A substantial mortality is 
stil attributable to pancreatic ab- 
scess despit operative intervention.'° 
Diagnosis of pancreatic abscess is 
frequently Idlayed because cf its var- 
ied and sEseuse clinical manifesta- 
tions. Alssesses occur in approxi- 
mately 4 ef all patients with 
pamereatitis. This zomplication fre- 
quently gæs umrecognized at times 
when prompt surgical intervention 
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might otherwise lessen the attendant 
morbidity and mortality. 

The records of patients with pan- 
creatic abscess treated at the Univer- 
sity of Michigan Medical Center hos- 
pitals over the past 36 years were 
reviewed. This effort was undertaken 
to define those factors most impor- 
tant in management of patients with 
pancreatic abscess. Particular atten- 
tion was directed at promptness of 
diagnosis, those specific clinical set- 
tings in which abscess formation oc- 
curred, and the adequacy of surgical 
treatment. 


Clinical Material 


Among 63 consecutive patients seen at 
the University of Michigan Medical Center 
with the proven diagnosis of pancreatic 
abscess, 40 were patients at the University 
Hospital between 1936 and 1972. Fourteen 
patients were encountered at the Ann Ar- 
bor Veterans Administration Hospital 
from 1953 to 1972, while nine additional pa- 
tients were treated at Wayne County Gen- 
eral Hospital between 1958 and 1972. Com- 
prising this group were 47 men and 16 
women, ranging in age from 18 to 77 years. 
The average age was 46.7 years in men and 
45.6 years in women. Abscess formation 
was confirmed both grossly and microscop- 
ically at the time of surgical drainage or, 
in some instances, at autopsy. Patients in 
whom microscopic abscesses were inciden- 
tally identified at autopsy were excluded 
from study.. 

Acute pancreatitis in 61 patients pre- 
ceded abscess formation. Carcinoma of the 
ampulla of Vater and a posterior pene- 
trating ulcer of the third portion of the 


duodenum in a patient with a Zollinger-El- 
lison tumor antedated abscess develop- 
ment in the two remaining patients. Pan- 
creatitis was unusually severe in many 
patients. More frequently, panereatitis re- 
sponded to initial medical therapy, only to 
relapse a few days or weeks later with con- 
tinuing sepsis refractory to conservative 
management. 

Common events leading to development 
of pancreatitis affected most patients. 
Multiple etiologic factors were identified in 
19 patients, whereas the immediate cause 
was unclear in seven patients. Most fre- 
quent associated conditions included post- 
operative pancreatitis in 30, biliary tract 
disease in 17, and alcoholism in 15. A vari- 
ety of uncommon etiologic factors were 
noted in 14 patients: lipid abnormalities, 
five; peptic ulcer disease, three; blunt ab- 
dominal trauma, three; hyperparathyroid- 
ism, two; corticosteroids, one. Etiologic 
factors were unknown in seven patients. 

The 30 patients developing postopera- 
tive pancreatitis had undergone surgery in 
the upper part of the abdomen (Table 1). 
Included were biliary tract operations in 17 
patients, biopsy of the pancreas in seven 
patients, and gastroduodenal operations in 
four patients. Six of the seven pancreatic 
biopsies were performed during the course 
of concomitant biliary tract operations. At 
the time of splenectomy, two patients sus- 
tained pancreatic injury. One other patient 
underwent celiotomy for acute necrotizing 
pancreatitis but had inadequate operative 
drainage. Pancreatic resections were per- 
formed in six additional patients, includ- 
ing one who underwent exploration of the 
common bile duct. 

Despite the clinical vagaries of pan- 
creatic abscesses, signs and symptoms 
suggestive of abscess, in retrospect, could 
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be identified in most patients. These are 
enumerated as follows: abdominal pain, 60 
patients (95%); tenderness over abscess, 58 
patients (92%); fever (temperature> 38.5 
C [101.3 F]), 48 patients (76%); nausea and 
vomiting, 43 patients (68%); abdominal dis- 
tention, 36 patients (57%); pulmonary ab- 
normalities, 33 patients (52%); anorexia, 28 
patients (44%); palpable mass or fullness, 
23 patients (87%); weight loss, 14 patients 
(22%); stupor, 12 patients (19%); shock, 8 
patients (13%); gastrointestinal tract 
bleeding, 8 patients (13%); and diarrhea, 6 
patients (10%). The triad of abdominal 
pain and tenderness in the region of the 
abscess associated with an unexplained fe- 
ver was important in establishing the 
diagnosis and was noted in most patients. 


Laboratory and 
Roentgenographic Findings 


Leukocytosis was the most consis- 
tent abnormal laboratory finding. 
The white blood cell count (WBC) was 
above 10,000/cu mm and averaged 
18,000/cu mm in 55 of the 63 patients. 
Abnormal laboratory studies are sum- 
marized in Table 2. Hematocrit read- 
ings and liver and renal function 
abnormalities were generally non- 
specific and contributed little in the 
establishment of the diagnosis. 

Roentgenograms proved most im- 
portant in arriving at a diagnosis of 
pancreatic abscess, being helpful in 
87% of the cases. Pulmonary abnor- 
malities were present in 35 patients. 
Subphrenic inflammation was most 
often manifest by basilar atelectasis, 
diaphragmatic elevation, or pleural 
effusion. A paralyzed hemidiaphragm 
was identified fluoroscopically in 12 
patients. Abscesses or mass lesions 
were suspected in 18 patients on the 
basis of abdominal roentgenograms. 
Displacement of the gastric air 
bubble, obliteration of the psoas 
shadow, or gas within the abscess it- 
self were commonly observed. The 
latter finding, the “soap-bubble” sign, 
is pathognomonic of a retroperitoneal 
abscess*® and was demonstrated in ten 
patients (Fig 1). Twenty-five of 34 
patients undergoing upper gastroin- 
testinal tract contrast medium exam- 
inations had definite evidence of in- 
tra-abdominal masses. Most common 
findings were anterior displacement 
of the stomach, a widened duodenal 
loop, and gastric outlet obstruction 
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Table 1.—Operations Contributing 
to Postoperative Pancreatitis and 
Abscess Formation 


: Operations tients Deaths 
Biliary tract 


surgery alone 10 10 


Biliary tract sur- 
gery associated 
with 

Pancreatic 
biopsy (5) 

Pancreatic 
biopsy with 
vagotomy 


and pyloro- 

plasty (1) 
95% pancrea- 

tectomy (1) 


Pancreatic opera- 
tions alone 
Pancreatic re- 

section (5) 
Pancreatic bi- 
opsy (1) 
Drainage follow- 
ing explora- 
tion for acute 
pancreatitis (1) 


Splenectomy 


Gastroduodenal 
operations 


Total 





secondary to extrinsic compression 
(Fig 2). 

Bacteriologic cultures of abscesses 
were obtained in 53 of 63 patients. 
Ten patients did not have abscess cul- 
tures taken, including six in whom 
abscesses were first diagnosed at au- 
topsy. Pathogens grew from 45 of the 
53 cultures obtained. Twenty-three 
were polymicrobial and 22 were 
monomicrobial. The most common 
etiologic organism was Escherichia 
coli (19), followed by Klebsiella, 12; 
Proteus, 11; Enteric Streptococcus, 11; 
Staphylococcus aureus, 8; Pseudo- 
monas aeruginosa, 7; and Aerobacter 
aerogenes, 6. Growth of other orga- 
nisms was noted in 12 cultures, and 
no growth was noted in eight of the 
53 cultures even though gross and mi- 
croscopical findings at operation or 
autopsy revealed the presence of ab- 
scesses. 


Clinical Course 


Surgical drainage was the only ef- 
fective treatment of pancreatic ab- 
scesses. Death occurred in all 17 cases 


where abscesses were unsuspected 
and untreated. Among 46 patients 
undergoing operation, there were 17 
postoperative deaths representing a 
mortality of 37%. 

Delayed diagnosis was an impor- 
tant factor contributing to mortality. 
This is emphasized by correlation of 
survival with the interval from onset 
of symptoms suggestive of abscess, 
until surgical drainage was under- 
taken. Among 29 patients who sur- 
vived incision and drainage, this in- 
terval averaged 5.5 days. In direct 
contrast, an average interval of 11.5 
days existed among the 17 who died 
despite operative therapy. 

Certain etiologic factors proved im- 
portant influences on patient sur- 
vival. Among 30 patients developing 
pancreatic abscesses following surgi- 
cal procedures, nine went unrecog- 
nized with a mortality of 100%. 
Twenty-one remaining patients un- 
derwent incision and drainage with a 
mortality of 34.3%. 

Pancreatic abscess following bili- 
ary tract surgery in 17 patients was 
associated with a 64.7% mortality 
(Table 1). Ten of the patients under- 
went biliary tract surgery alone and 
all died from complications of subse- 
quent pancreatic abscesses. Five pa- 
tients undergoing both biliary tract 
surgery and pancreatic biopsy re- 
sulted in one death. One patient fol- 
lowing cholecystectomy, vagotomy 
and pyloroplasty and pancreatic 
biopsy, and a second undergoing 95% 
pancreatectomy survived their pan- 
creatic abscesses. Three of the pa- 
tients dying from their abscesses 
were found to have biliary tract cal- 
culi at autopsy, although definitive 
operations were thought to have been 
previously performed. 

Seven patients developed abscesses 
following pancreatic surgery, includ- 
ing five resections, one pancreatic 
biopsy, and one drainage following 
exploration for acute pancreatitis. All 
survived but one, who developed an 
abscess following pancreatic biopsy. 
Biliary calculous disease was also 
noted at autopsy. Two additional pa- 
tients developed pancreatic abscesses 
following splenectomy. Only one of 
these patients survived. 

Four other patients underwent 
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Table 2.—Laboratory Studies (63 Patients) 


Test 


No. of 


Result Patients 


WBC >10,000/cu mm 
>30,000/cu mm 


Hematccat reading 
Amylase 


<36% 
Elevated 


>1,000 Somogyi units 


Albumin 


<3.5 gm/100 mi 


<2 gm/100 ml 


Hypocaicemia 
Liver functien 
Renal funct on 


<8 mg/100 ml 
Abnormal 
BUN >30 mg/100 ml 


Creatinine >2 mg/100 ml 





Fig 1.—V ew of eft upper quadrant. Note presence of gas bubbles at site of pancreatic ab- 
scess. This is pathognomonic of retroperitoneal abscess. 


gastroduscena! operations and devel- 
oped pancreatic abscesses. Three of 
the four patients died, including one 
who had asseciated active biliary 
traet disease. 
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All postoperative abscesses were 
directly related to pancreatitis. As 
mentioned, five deaths among the 30 
patients occurred in patients with ac- 
tive biliary tract disease discovered at 


autopsy. It is plausible that this asso- 
ciated disease contributed to the de- 
velopment of pancreatic abscesses. 
Chronic alcoholism may have set the 
stage for abscess formation in eight 
other patients. In one patient, pan- 
creatitis developed following blunt 
abdominal trauma. The importance of 
more than one etiologic factor in a 
given instance may be better defined 
when our understanding of pan- 
creatic disease becomes more com- 
plete, but it is presently a matter of 
conjecture. 

Thirty-three of the 63 patients de- 
veloped pancreatic abscesses unre- 
lated to previous surgery with a mor- 
tality of 54.5%. Abscesses were first 
recognized at autopsy in eight pa- 
tients. Among the remaining 25 pa- 
tients, seven died despite incision 
and drainage, a mortality of 40%. 
Twenty-one of the 33 patients had 
single identifiable etiologic factors, 
while five had multiple predisposing 
factors. Seven had no obvious causa- 
tive factors. Patients having ab- 
scesses associated with biliary tract 
disease had a mortality of 58%, com- 
pared to those with alcoholic pan- 
creatitis with a mortality of 43%. Pa- 
tients having abscesses associated 
with lipid abnormalities had a mortal- 
ity of 20%. 

Complications of pancreatic ab- 
scesses themselves were common. 
Pulmonary complications were most 
frequent and contributed to 30 of 34 
deaths encountered in this series. 
Pleural effusions (24 patients, 15 
deaths) and pneumonia (20 patients, 
15 deaths) were observed in many in- 
stances. Although aspiration (four pa- 
tients) or pulmonary embolism (one 
patient) were less common complica- 
tions, they were directly responsible 
for five patients’ deaths. Atelectasis, 
present in six patients, was associ- 
ated with four deaths. 

Bleeding complications affected 26 
patients, 21 of whom eventually died: 
gastrointestinal tract, 15 patients, 11 
deaths; intra-abdominal and gas- 
trointestinal, seven patients, seven 
deaths; and intra-abdominal, four pa- 
tients, three deaths. Massive gas- 
trointestinal tract hemorrhage was 
due to stress gastric ulcers in six pa- 
tients, pyloric ulcers in three patients, 


Pancreatic Abscess/Miller et al 547 





| 


and esophagitis in one patient. Bleed- 
ing in an additional patient resulted 
from erosion into the stomach by a 
false aneurysm of the gastroduodenal 
artery adjacent to the pancreatic ab- 
scess (Fig 3). The exact source of 
bleeding was unclear in ten patients. 

Other important complications are 
shown in Table 3. Most serious was 
renal failure, which was encountered 
in 22 patients, 19 of whom died. Fluid 
derangements following severe pan- 
creatitis in six patients and sepsis in 
14 patients were thought to be impor- 
tant in the development of renal fail- 
ure. 

Pancreatic abscess appeared to be a 
delayed complication of pancreatitis. 
The average interval from the onset 
of pancreatitis until signs and symp- 
toms were sufficiently clear to war- 
rant the diagnosis of abscess was 15 
days in the 46 patients subjected to 
operative treatment. Drainage was 
undertaken as early as six days after 
the onset of acute pancreatitis in this 
series. Two to four weeks elapsed be- 
fore surgical intervention was under- 
taken in the majority of patients. 

A distressing fact about the 17 pa- 
tients in whom abscesses were first 
recognized at autopsy was that most 
survived for two weeks without a 
diagnosis of abscess although, in ret- 
rospect, signs and symptoms were 
strongly suggestive of pancreatic ab- 
SCess. 


Comment 


Acute pancreatitis can often be 
managed successfully with sup- 
portive, nonoperative therapy. In- 
frequently, pancreatic injury is 
unusually severe and results in 
parenchymal necrosis. Secondary in- 
fection of devitalized tissue and ab- 
scess formation may occur in this set- 
ting. 

Manifestations of pancreatic ab- 
scesses are frequently varied and oc- 
casionally obscure, yet more than 85% 
of our patients had clinical findings 
strongly suggestive of an abscess. 
Purulent collections must be seriously 
considered in all patients with pan- 
creatitis in whom abdominal pain and 
tenderness persist with an unex- 
plained fever and leukocytosis. 

Two distinct clinical patterns of 
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Fig 2.—Upper gastrointestinal tract barium contrast medium examination in patient with 
pancreatic abscess. Note irregular widening of duodenal sweep and distal antrum with su- 


perior displacement of stomach. 


pancreatic abscess formation emerge 
from the present study. First are 
those instances of severe pancreatitis, 
often accompanied by marked abdom- 
inal distention, hypotension, and 
hypocalcemia. Vigorous, aggressive 
supportive therapy in these patients 
often fails. Frequently, clinical dete- 
rioration occurs during the first 72 to 
96 hours. This happened in about 15% 
of our patients with pancreatic ab- 
scesses. In these individuals, pan- 
creatic abscesses were identified as 
early as six to ten days after the first 
onset of pancreatitis. 

The second group of patients was 
characterized by acute pancreatitis 
that responded well to conservative 
therapy, only to relapse ten days to 
three weeks later. Pancreatic abscess 
formation was frequently misin- 
terpreted as recurrent pancreatitis in 
these patients. Exploratory operation 
must be undertaken if prompt im- 


pected, the 


provement does not occur in such in- 
stances. This was the case in more 
than 75% of our patients. 

The only effective treatment of 
pancreatic abscesses proved to be sur- 
gical incision and drainage. All pa- 
tients in whom operative drainage 
was not employed died. Among 46 pa- 
tients undergoing surgical therapy, a 
mortality of 37% was encountered. 
Delay in diagnosis with a failure to 
initiate early drainage appeared to 
account for the limited success of op- 
erative therapy. 

Once a pancreatic abscess is sus- 
patient should be 
promptly readied for, and subjected 
to operation. A transperitoneal, 
transverse approach through the up- 
per part of the abdomen affords excel- 
lent exposure for thorough explora- 
tion. Every effort should be employed 
to debride all necrotic pancreas and 
drain the abscess adequately once the 
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Table 3.—Other Complications 


Complication 
Renal failure 


Enteric fiS was 
Solitary (14) 
Multiple «2 
Pancreattobiliary (9) 
Colonic (9) 
Duodera (2) 


Gastric (2) 
Undetæ mined (1) 


Recurrentasscess 

Wound inæction 

Diabetes mellitus 
Coagulatiomcisorders 

Gastric avtiet obstruction 

Wound dehiscence 

Intra-abcensinal rupture of abscess 


No. of 
Patients 


22 
16 





Fig 3.—Celiac arteriogram in petient with pancreatic abscess found to have pulsating epi- 
gastric mass. Mate large false aneurysm arising from gastroduodenal artery. 





limits of the abscess have been clear- 


ty identifed This is most important 
inasmuch as 15 of 46 patierts under- 
going draimage in this series devel- 
oped recurrent abseesses. 
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Sump drainage for pancreatic ab- 
scess has received widespread en- 
dorsement. No correlation between 
survival and the construction or type 
of drain used was noted in our experi- 


ence. Large Penrose and cigarette 
drains provided adequate drainage in 
many patients. In others, due to drain 
tube occlusion by large particulate 
debris, sumps did not preclude devel- 
opment of recurrent abscesses. Ex- 
tension of the necrotizing process to 
previously viable pancreas was noted 
in some patients in whom drainage of 
the abscess had been established. Me- 
ticulous debridement and complete- 
ness of drainage rather than type of 
drain utilized appeared to be more 
important factors in survival. 

The role of antibiotics in pre- 
venting pancreatic abscess formation 
was not ascertained in this study. 
Most patients had received broad- 
spectrum antibiotics but invariably 
remained septic until drainage of 
the abscess was undertaken. Whether 
antibiotics halt progression of pan- 
creatitis to abscess formation or limit 
the severity of complications is un- 
known. Nevertheless, until evidence 
to the contrary becomes available, an- 
tibiotic coverage is recommended in 
these critically ill patients. 

The source of bacteria in pancreatic 
abscesses remains unclear. Enteric 
organisms predominate in most cul- 
tures. The proximity of the pancreas 
to the transverse colon has led some 
to postulate that with pancreatic in- 
flammation the colonic wall may be- 
come permeable to bacteria.* Infected 
bile or hematogenous spread of orga- 
nisms from distant loci must also 
be considered. Although intestinal 
sources appear most plausible, fur- 
ther investigation is needed to con- 
firm this hypothesis. 

The importance of roentgen- 
ographic examination in confirming 
the diagnosis of pancreatic abscess 
deserves emphasis. While most pa- 
tients had clinical findings suggestive 
of abscess, in other patients the diag- 
nosis was confirmed only by roent- 
genologic studies. The presence of gas 
bubbles within the abscess cavity on 
abdominal plain film has been most 
helpful. 

It is difficult to predict which pa- 
tient will develop a pancreatic abscess 
following pancreatitis. Particular at- 
tention must be given those patients 
developing postoperative pancreatitis 
or biliary pancreatitis. The inordi- 
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nately high mortality associated with 
pancreatitis and abscess formation in 
these patients necessitates prompt 
exploration if unexplained sepsis oc- 
curs. The lethal course in these in- 
stances remains unclear, but may be 
“a reflection of a greater enzyme ca- 
pability of the pancreas in these pa- 
tients than in the patients with more 
fibrotic enzyme-depressed chronic pan- 
creatitis.”* Delayed recognition of 
pancreatic abscesses limits the suc- 
cess of operative drainage, which has 
proved the only effective means of 
treatment. 

The present study includes patients 
seen at our institution through De- 


GEORGE L. JORDAN, JR, MD, Houston: I 
wish to commend Dr. Miller and his associ- 
ates on their excellent survey of this sub- 
ject. It is very timely that they bring it to 
us because it is obvious that this lesion car- 
ries a higher mortality than the Whipple 
operation, though the surgical aspects 
would seem somewhat simpler. 

One of the problems, of course, is that it 
is an uncommon lesion. In reviewing the 
manuscript and looking at the number of 
hospitals from which material was gath- 
ered, it was apparent that there is approxi- 
mately one pancreatic abscess per year, 
which means that very few surgeons gain 
an extensive experience with this problem. 
This undoubtedly accounts for much of the 
delay in diagnosis. 

Another problem causing delay is that 
some of these patients develop an abdomi- 
nal mass and it is mistakenly thought that 
they are developing a pseudocyst. Thus, 
there may be some purposeful procrastina- 
tion. If there is an abdominal mass, and if 
the patient is febrile and has an elevated 
WBC, this patient should be operated on as 
Dr. Miller and his associates have sug- 
gested. 

One or two points that have been made 
deserve emphasis or some modification. 
First, at the time of drainage, one must 
drain adequately. I also agree that one 
should remove any loose debris. On the 
other hand, I would oppose the concept of 
extensive debridement. As was pointed 
out, one of the serious complications of ab- 
scess is hemorrhage, and hemorrhage may 
cause death. Extensive debridement, par- 
ticularly if it involves the resection of the 
pancreas and division of the splenic artery, 
for example, may be the factor that pro- 
duces the hemorrhage. Thus, I prefer a 
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cember 1972. Since then, several addi- 
tional patients have been encoun- 
tered with pancreatic abscesses. 
Especially helpful in this more recent 
group in establishing the diagnosis 
has been the use of ultrasound. This 
simple, noninvasive procedure accu- 
rately determined the presence, size, 
and location of pancreatic abscesses 
in three patients that otherwise were 
undetected on careful clinical and 
roentgenographic examination. The 
usefulness of ultrasonic scanning 
remains to be determined. Never- 
theless, we believe that ultrasonog- 
raphy represents a most significant 
development in the diagnosis of pan- 


Discussion 


very limited debridement, and to remove 
only what can be easily taken out at the 
time without carrying out any dissection 
that might injure or unroof a major vascu- 
lar structure. 

There is a high incidence of complica- 
tions related to the gastrointestinal tract. 
There were 16 enteric fistulas in this series 
and six patients with gastric outlet ob- 
structions. Thus, almost a third of their pa- 
tients had serious complications involving 
the tubular gastrointestinal tract. For this 
reason, when treating these patients, I in- 
sert a gastrostomy tube that not only al- 
lows emptying of the stomach, but will re- 
duce the respiratory complications by 
eliminating the need for prolonged naso- 
gastric intubation. I also insert a jejunos- 
tomy tube for feeding. 

In the immediate postoperative period, 
these patients should be treated with in- 
travenous hyperalimentation to support 
them nutritionally in the first few days. 
Following that time however, if a jejunos- 
tomy tube is inserted, one may resume ali- 
mentation into the gastrointestinal tract, 
which is somewhat safer. There may be a 
prolonged period, however, before alimen- 
tation can be resumed orally because of the 
severe inflammatory process existing adja- 
cent to the stomach and the duodenum. 
For these reasons, I think that the place- 
ment of tubes can be very helpful in the 
management of these patients, and I rec- 
ommend it to you. 

HERBERT B. GREENLEE, MD, Hines, Ill: I 
would like to compliment the authors on a 
fine presentation and their meticulous at- 
tention to analysis of the data. 

It seems to me the crux of the problem is 
how to distinguish between an epigastric 
mass that may represent a boggy, solid, 
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creatic abscess and recommend its 
utilization when such purulent collec- 
tions are suspected. 
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and necrotic pancreas or a fluid-filled ab- 
scess. 

It was not mentioned in the presenta- 
tion, but I am aware that the authors are 
interested in another diagnosite modality, 
ie, ultrasound, which usually permits de- 
tection of fluid within an intra-abdominal 
mass. The authors might want to comment 
on this diagnostic approach. Has it been a 
helpful guide to the surgeon in deciding if 
and when to operate? 

I suspect the bacteriology data will be 
changing as the newer techniques for 
anaerobic study and culture of bacteria are 
applied. I expect we will find an increasing 
incidence of anaerobic organisms in pan- 
creatic abscesses similar to that seen with- 
other intra-abdominal complications. In 
your more recent cases, have you per- 
formed anaerobic cultures? Have anaero- 
bic organisms such as Bacteroides been 
present? 

At the risk of confusing the issue, I 
would like to raise a final point. I assume 
that these pancreatic abscesses are pri- 
marily lesser sac collections. I wonder if 
the authors have considered some of the 
greater peritoneal collections of fluid 
(“pancreatic ascites”) generally believed to 
result from leaking pancreatic pseudocysts 
or directly from a leak from the pancreatic 
duct. It has not been emphasized that 
there is a significant inflammatory re- 
sponse to this greater peritoneal collection 
of pancreatic enzyme-rich fluid. We have 
studied nine patients in the last three 
years, and the elevation in WBC up to 
20,000/cu mm in the fluid is considerably 
higher than ascites associated with cir- 
rhosis. Chronic peritonitis is present al- 
though all fluids cultured were sterile. Do 
the authors have any comments on this 
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particular variant of the typieal pancreatic 
abseess? 

CaarLes E. Lucas, MD, Detroit; Since 
the Universicy of Michigan is the standard 
bearer for excellence and integrity in the 
state of Michigan, it is reassuring to know 
that they have the seme difficulties with 
this very bad disease chat we do. 

I would like tə reinforce the statements 
made by the previous discussants about 
the difficulty in Giagncsis and even go one 
step further ard state shat the soap-bubble 
sign which they described in ten of their 
patients is un‘ortunately sometimes mis- 
read as the sprenic flexure of tke colon. 

Concerning the use of sonograms, we 
have had hép by sonography in making 
the diagness in these patients, but we 
have been mms ed at least onee, and I urge 
a little bit of caution in the use of 
sonography. 

In the ares cf differentiating en infected 
pseudocyst trem a pancreatic abscess, I 
still do not knew how to do it, and I would 
like the authors to define this differential. 

Another prcbiem in the area of pan- 
creatitis, which they go into, is the problem 
of gastrointestinal] tract bleeding from 
stress erosions. | have found in those cases 
where we heve aad tc drain a pancreatic 
abscess that a vagotomy and a pyloromy- 
otemy or a pylercplasty may be helpful in 
decreasing tie seids in the postoperative 
period. Acids:are important in this disease. 

Finally, the authors point ouz the high 
incidence of renal failure. Dr. Frey has 
been instrumertal in bringing information 
relating to the zssociazion of renal failure 
with pancreatis to th surgical literature 
for a number of years, and this article em- 
phasizes that problem. 

Concerning renal failure anc the fact 
that these patsents have thick-walled ab- 
scesses that ic net col apse with drainage 
but persist fcr a eng period of time, weeks 
and even moaths, I wcnder about the role 
of the installation of lecal gentamicin. 

Incidentally, local gentamicin without 
systemic gencamicin gives you no systemic 
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levels, so that it can be utilized in the pres- 
ence of renal failure. 

Tom D. THROCKMORTON, MD, Des Moines, 
Iowa: May I suggest that one way to de- 
bride a pancreatic abscess is with the tip of 
the suction machine. It works beautifully. 

Dr. FREY: The discussants have raised a 
number of points about the diagnosis of a 
pancreatic abscess. One of them is how to 
distinguish between a pseudocyst of the 
pancreas and a pancreatic abscess. 

In general, the clinical course does dif- 
ferentiate between the two conditions. 
Usually the patient with an abscess has a 
spiking fever in the range of 38.9 to 40 C 
(102 to 104 F), whereas the individual with 
a pseudocyst may also have an ileus, but 
seldom does his temperature go beyond 
37.8 to 38.3 C (100 to 101 F). The patient 
with a pseudocyst appears less toxic than 
the patient with an abscess. The dis- 
tinction between abscess and pseudocyst is 
made on the basis of these clinical observa- 
tions. 

Another point about diagnosis deserves 
emphasis. A diagnosis not thought of is 
seldom made. In 85% of our patients with 
pancreatic abscess, the clinical course was 
one of seeming control of the acute phase 
of pancreatitis for a period of 10 to 21 days 
after the onset of symptoms, followed by 
the development of spiking temperatures 
and leukocytosis. This chain of circum- 
stances should alert the physician to the 
presence of a pancreatic abscess. In such 
patients, there should be no question by 
the clinician that he is dealing with an ab- 
scess unless proved otherwise. 

Another point about diagnosis that has 
been helpful to us in distinguishing be- 
tween the edematous, boggy pancreas not 
requiring operation and a cystic cavity 
such as an abscess has been ultrasound. 
We feel that ultrasound is a valuable ad- 
junct to diagnosis and believe it deserves 
greater utilization in the septic patient in 
whom an abscess is suspected. 

We have had, since the completion of 
this study of pancreatic abscesses in 1972, 


three additional pancreatic abscesses in 
which we have established the presence of 
an abscess by ultrasound when other meth- 
ods of diagnosis failed. Ultrasound allows 
us not only to determine the presence of 
the abscess, but the location and size of the 
abscess. 

In one case, our ultrasounder informed 
us that an abscess in the gallbladder con- 
tained 40 ml of pus, and at operation this 
proved to be the case. 

One thing we have come to recognize 
about the pathogenesis of pancreatic ab- 
scesses is that in their early development 
there is often a large amount of particu- 
late matter exceeding the diameter of 
most sump drains. We have marsupialized 
the abscess in these patients and, on the 
basis of every-other-day debridements 
not requiring anesthesia, have found that 
there has been continuation of the nec- 
rotizing process in the pancreas for a num- 
ber of days. I think these observations ex- 
plain some of the reasons for the failure of 
drainage. Not only that the particulate 
matter may not come out of the sump 
drain, but also that there is continuation of 
the necrotizing process for a number of 
days after complete drainage has occurred, 
creating new debris. 

About the operative management of pa- 
tients with pancreatic abscess, we cer- 
tainly have, I think, demonstrated that 
early drainage is essential to the life of the 
patient. We have also found that treat- 
ment of any associated biliary disease 
should also be carried out at the time of the 
treatment of the abscess. We had a total of 
17 patients with associated biliary disease. 
Four of these patients had their abscesses 
drained and the biliary procedure carried 
out at the time of drainage. 

In the other 13 patients, this was not 
done. There were 11 deaths of the 13, and 
one death in the four patients in whom the 
biliary procedure was carried out in associ- 
ation with abscess drainage. 
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Nonclostridial 


Gas-Forming Infections 


A Collective Review and Report of Seven Cases 


Allen VanBeek, MD; Elvin Zook, MD; Peter Yaw, MD; 
Ronald Gardner, MD; Richard Smith, MD; John L. Glover, MD, Indianapolis 


In contrast to gas gangrene, there is con- 
fusion regarding the nature, proper classifi- 
cation, and virulent potential of other gas- 
forming infections. Experience with seven 
cases in a brief period of time confirmed our 
impression that these infections are associ- 
ated with high morbidity and mortality rates. 
Since the presence of gas results from an- 
aerobic metabolic conditions, it is an omi- 
nous Clinical sign indicating the need for im- 
mediate, radical debridement. 


Ges gangrene is well recognized as 
a lethal entity, but there is con- 
fusion regarding the nature, proper 
classification, and virulent potential 
of other gas-forming infections. Sev- 
enty-three cases of probable nonclos- 
tridial crepitant infections are 
recorded to our knowledge, and we 
are reporting an additional seven 
seen in the last two years. Causative 
organisms in our cases include two 
genera of bacteria not previously 
noted as causing this condition: Ser- 
ratia marcescens and Herellea vagi- 
nicola. 

It is our contention that the pres- 


Accepted for publication Dec 7, 1973. 

From the Department of Surgery, Marion 
County General Hospital, Indiana University 
Medical Center, Indianapolis. 

Read before the 8lst annual meeting of the 
Western Surgical Association, Houston, Nov 16, 
1973. 

Reprint requests to Department of Surgery, 
Marion County General Hospital, 960 Locke St, 
Indianapolis 46202 (Dr. VanBeek). 


552 Arch Surg/Vol 108, April 1974 


ence of gas in infected tissue is an 
ominous clinical sign that indicates 
the need for immediate, radical de- 
bridement, since detectable gas is the 
product of anaerobic metabolism. Fi- 
nally, we wish to propose a new clini- 
cal classification of these infections 
based on the physiology of microbial 
growth. 


Report of Cases 


CASE 1.—A 78-year-old white woman had 
a four-day history of fever, chills, abdomi- 
nal pain, jaundice, and increasing pain of 
the right ankle. On admission, she was 
alert but icteric; her ankle was moderately 
painful, though pulses were present. The 
following day she developed a crepitant, 
severely swollen, painful right leg with 
bullous skin lesions, all during a six-hour 
period. Surgical consultation was obtained 
and an immediate operation was per- 
formed, revealing extensive myonecrosis. 
A high thigh amputation was performed, 
and Gram stains of the exudate from the 
muscle revealed large numbers of Gram- 
negative rods. Immediately preopera- 
tively, she had manifested signs of septi- 
cemia and renal failure. Although treat- 
ment with penicillin intravenously and 
gentamicin sulfate had been instituted 
preoperatively, the patient died 12 hours 
after operation, presumably from Gram- 
negative shock. Four cultures obtained 
from muscle tissue and exudate during 
surgery revealed Ser marcescens. Exami- 
nation of the amputated extremity re- 
vealed myocytolysis with Gram-negative 
rods present in hemorrhagic muscle. Au- 


topsy findings revealed choledocholithiasis, 
cholangitis, multiple small hepatic ab- 
scesses, and pancreatitis. Large rods with 
spores were found in the hepatic abscesses, 
but Gram staining characteristics are un- 
known. 

CaSE 2.—A 61-year-old black man was 
seen in the emergency room because one 
leg had been crushed between two auto- 
mobile bumpers. Although he had pain and 
local swelling, there were no lacerations or 
fractures, and he was released. He re- 
turned 40 hours later because of increasing 
swelling. Oral temperature was 39.2 C 
(102.6 F) and he could not walk because of 
pain. There was crepitus from the mid-calf 
to the mid-thigh. He was taken directly to 
the operating room where long linear inci- 
sions were made, revealing that the medial 
head of the gastrocnemius muscle was 
avulsed, and nonviable. There was puru- 
lent material superficial to the fascia. 
Gram-positive cocci were present in the 
exudate, and treatment with sodium di- 
cloxacillin monohydrate penicillin intrave- 
nously was begun. Multiple cultures from 
the subcutaneous edema fluid and non- 
viable muscle revealed the presence of Her 
vaginicola and Staphylococcus epider- 
midis. Crepitation disappeared in one day; 
fever subsided by the second day; and the 
wounds appeared clean enough for delayed 
closure on the fifth day. After split-thick- 
ness skin grafting of the areas where skin 
had been removed at the time of debride- 
ment, the patient subsequently recovered 
satisfactorily without further morbidity. 

CASE 3.—A 62-year-old white female dia- 
betic had developed a painful vulvar mass 
during a two-week period. One week be- 
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fore admisseon oral penicillin G sodium 
therapy had been started. At the time of 
admission ske was disoriented. although 
her temperasure was only 38.9 C (102 F). 
She had a arge abscess in the left labium 
majorum with extension into-the ischiorec- 
tal fossa, and erepitus extending from her 
perineum to the umtilicus. Incision and 
drainage was performed, and cephalothin 
sodium was adminiszered. Cultures ob- 
tained from -he purulent material revealed 
Escherich celi and 8-hemelytic strepto- 
eocci. She sontinued to be febrile, but crep- 
itus had sıtsided by the secord day. On 
the fifth hospital day her white blood cell 
eount was-48,800”’cu mm, her temperature 
was elevate], and further debridement 
was necessary She developed a cardiac ar- 
rest during surgery and was resuscitated, 
but she de later the same day. Autopsy 
revealed acute myocardial infarction with 
extensive somoaary atherosclerosis and pul- 
monary eeema. 

Case 4.—4 22-year-old white male drug 
addict hac a four-day history of tempera- 
ture elevatien te 41.1 C (106 F) chills, and a 
right scrata. mass. On physical examina- 
tien he had a perirectal abscess with com- 
munication tc the scrotum and crepitus 
threughoct the right perineal and groin 
areas. Incas on and debridement was per- 
formed threugh a long incision extending 
from the perianal area to the groin. Peni- 
eillin and tetracycline were administered 
pestoperacively. Although crepitus dis- 
appeared ‘nome day, his temperature was 
elevated mncil the third day. Healing was 
complete a: the time of discharge (17 
days). CuEures revealed the presence of a- 
streptocoæi y-streptococci, and diphthe- 
roids. 

CASE 5.—4 27-year-old blaek male homo- 
sexual was admitted with a five-day his- 
tery of umnany retention and painful but- 
tocks. Both buttocks were edmatous and 
indurated bat-nct fluctuant. One day after 
admission there was crepitus in the left 
buttock and perineum. A long incision 
from the iae spine to the perianal area 
was made and a large abscess was encoun- 
tered ane drained. Gram-negative rods 
were seer on smear, end administration of 
cepnalothmescdium and kanamycin sulfate 
was begua. Cultures revealed F coli and £- 
hemolytic streptococci. Although crepitus 
was not present the following cay, further 
debridemem was necessary because of 
continued sepsis. Th2 patient ultimately 
made a cemp ete reccvery (35 days). 

Case 6—A ‘21-year-old black man with 
acute, nomruptured appendicitis had an ap- 
pendectomy performed with primary clo- 
sure of th n-ision. Two days later he had 
a temperature of 39.4 C (103. F) and pain in 
the wound. The following day the wound 
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was inflamed, and crepitus surrounded the 
incision. The incision was opened and ex- 
tended at both margins, and a separate 
flank incision was made to facilitate drain- 
age. The infectious process was superficial 
to the fascia, and Gram stain was posi- 
tive for cocci. Antibiotic treatment 
consisted of cephalothin sodium and 
chloramphenicol. Cultures demonstrated 
the presence of E coli, Enterobacter 
aerogenes, and both a-streptococci and y- 
streptococci. Crepitus subsided in one day, 
but sepsis developed one week later and 
further debridement was required. Ther- 
apy was changed to clindamycin hydro- 
chloride hydrate at that time, as Bacte- 
roides was suspected, in spite of growth of 
only Klebsiella and Pseudomonas in cul- 
tures. The patient eventually recovered af- 
ter a hospitalization period of one month. 

CasE 7.—A 10-year-old black boy with 
acute nonruptured appendicitis had an ap- 
pendectomy performed with primary clo- 
sure of the skin. Ampicillin sodium therapy 
was started immediately postoperatively 
because the appendix was severely in- 
flamed. The following day the wound be- 
came painful with crepitus appearing 
along the superior aspect and extending to 
the right upper quadrant. The incision was 
opened and enlarged, revealing extensive 
gas-forming infection in the subcutaneous 
tissue. Although Gram stains of sero- 
sanguineous fluid in the area containing 
gas demonstrated the presence of Gram- 
positive cocci, aerobic and anaerobic cul- 
tures were sterile. Antibiotic therapy was 
changed from ampicillin to cephalothin so- 
dium. Although he was afebrile on the first 
postoperative day, crepitus persisted until 
the following day. Delayed primary closure 
of the incision was successful. 


Comment 


A summary of the cogent data 
from our seven cases is presented in 
Table 1. In five patients, infections 
related to fecal flora were suspected 
because of the locations of the ab- 
scesses: perianal, perineal, and appen- 
dectomy incisions. In one patient, 
however, the leg infection was appar- 
ently metastatic from hepatic ab- 
scesses related to benign obstruction 
of the common bile duct. The source 
of contamination was probably exter- 
nal in the remaining patient, whose 
infection was in a site of extensive 
crushing trauma. 

Four of our seven patients devel- 
oped crepitus while being observed in 
the hospital. In spite of early treat- 
ment, however, the morbidity and 


mortality were striking. Two patients 
died, and hospital stays were difficult 
and prolonged in the others. Although 
both patients who died had other seri- 
ous systemic problems, there is little 
doubt that infection was a major fac- 
tor contributing to death. 

The Gram-positive cocci seen on 
smears of the wound exudate were 
usually shown to be streptococci by 
culture. In the one case in which cul- 
tures were negative, Gram-positive 
cocci resembling staphylococci were 
seen on smear. In this patient inade- 
quate anaerobic culture technique or 
ampicillin administration may ac- 
count for the lack of growth in the 
cultures. 

In case 2, Herelleae were present in 
all cultures. The finding of Gram-pos- 
itive rather than Gram-negative cocci 
on smear of the wound exudate from 
the patient is unexplained. 

All seven of these cases occurred 
between January 1971 and January 
1973 at a general hospital serving a 
metropolitan area with a population 
of about 1 million. No cases were 
recorded in 1970, 1969, or 1968, the 
year in which computerization of 
records at this hospital began. We 
wonder, therefore, whether or not 
this entity is increasing in incidence. 


Review of the Literature 


Bottini in 1871 demonstrated that a 
microbial agent was responsible for 
gas gangrene.' Subsequent improve- 
ment of culture techniques demon- 
strated that organisms of the genus 
Clostridium were the causative agents. 
Most authors in the first half of this 
century emphasized the necessity of 
differentiating the various clinical 
types of clostridial infections, as is 
done even now.’ It was not until 
1893, however, that a nonclostridial 
crepitant infection was documented.’ 
These infections may present as 
myonecrosis or cellulitis mimicking 
true gas gangrene.”""! 

MacLennan’s* and _ Altemeier’s’ 
studies of nonclostridial crepitant 
infection brought attention to the 
potential severity of this entity. 
Altemeier, in 1948, recommended de- 
compression, chemotherapy, and daily 
dressing changes, principles that are 
still valid and essential. Brightmore, 
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| Table 1.—Nonclostridial Crepitant Cellulitis: Recent Cases 


* Negative indicated by —; positive by +. 


in a recent report of a case with re- 
current gas formation despite seem- 
ingly adequate therapy, states, “Em- 
phasis is laid on early diagnosis and 
treatment of these infections which 
often merit a reputation similar to 
clostridia.’’” 

Table 2?***''25 lists the cases of 
this entity reported in the English liter- 
ature. There was a cumulative death 
rate of 24.5% in these cases, though, 
in most cases death was believed to 
be caused by complications from asso- 
ciated pathologic processes. Approxi- 
mately 80% of these cases had more 
than one organism cultured from the 
site of the infection. Organisms 
reported previously as possible gas- 
forming microbes include streptococ- 
ci, staphylococci, Aerobacter, diphthe- 
roids, Bacteroides, E coli, Klebsiella, 
and Pseudomonas. This report adds to 
that group two genera of bacteria not 
previously reported as causing a gas 
infection: Serratia, a Gram-negative 
rod; and Herellea, a Gram-negative 
coccus usually occurring in pairs. 
With increasing emphasis on isola- 
tion of strict anaerobes, it is likely 
that other organisms will be recov- 
ered in these kinds of infections. 


Physiology of Gas Production 


The genesis of anaerobic conditions 
is probably a prerequisite for non- 
clostridial crepitant infections. Aero- 
bic metabolism will not usually be as- 
sociated with crepitus clinically 
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Gram Admitting Initial Length 
Case No. Age, yr Sex Site Stain* Culture Diagnosis Antibiotic of Stay 
1 78 F Right leg —Rods Serratia Jaundice, Penicillin, Death 
cirrhosis gentamicin 
2 61 M Left leg +Cocci Herellea, Staph Crepitant Penicillin, 40 days 
epidermidis cellulitis dicloxacillin 
3 62 F Perineum No stain E coli Labial abscess’ Cephalothin Death 
B-streptococci : 
4 22 M Perineum No stain a- and Cellulitis of Penicillin, 17 days 
y-streptococci buttocks tetracycline 
diphtheroids 
9 27 M Perineum —Rods E coli Scrotal Cephalothin, 35 days 
and 8-hemolytic abscess kanamycin 
- streptococci 
6 21 M Appendectomy +Cocci E coli, Appendicitis Cephalothin, 30 days 
site Enterobacter, chloramphenicol, 
streptococci clindamycin 
7 10 M Appendectomy +Cocci No Appendicitis Cephalothin 14 days 
site growth 



















Table 2.—Nonclostridial Crepitant Cellulitis Reported in Literature 


No. of 
Source Patients 


Altemeier2 12 
Anderson et al 
Bornstein et al? 
Brightmore!2 

Chiarié 

Chopra and Mukherjee!’ 
Favrel4 

Filler et al15 

Gillies" 

Hitschman and Linderthal!” 
Marwedel and Wehrsig!8 
MacLennan! 

Meleny20 

Morrison?! 

Rambo et al22 

Reis23 

Spring and Kahn?4 
Warren25 

Wills and Reece!! 

Totals 

Percent 
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because the gas produced aerobically 
is carbon dioxide which rapidly dis- 
solves, diffuses, and is removed. The 
phenomenon of infections with gas 
accumulation in vivo due to aerobic 
organisms (aerobic aerogenic infec- 
tions) is, therefore, difficult to ex- 
plain. 

Aerobic bacteria utilize a metabolic 
pathway with oxygen from the envi- 
ronment as the final hydrogen ac- 
ceptor (Fig 1). This process is accom- 
plished by using an iron-containing 
cytochrome system that is associated 


No. of 
Deaths 


Single Multiple 
Organisms Organisms 
0 12 

2 


0 


2 
1 
Unknown Unknown 
2 2 
1 


Unknown 


2 
19 
1 


6 


1 

3 

1 3 
60/13 66/53 

20 80 


73/18 
24.5 


Table 3.—Solubility of Gases * 





* ml/ml HOH at 30 C, 760 mm Hg. Data 
from Seidell.28,29 


with a high oxidation reduction po- 
tential. Even with incomplete oxida- 
tion of substrates, insoluble gases are 
not produced.**?" 
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Fig 1.—Metabovic sch2me nermally used under aerobic conditions. 
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Fig 2.—Deritrification scheme of anaerobic metabolism. 
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Fig 3.—Fermertation and deamination anaerobic metabolic pathways. 


Amaerobes. are organisms using 
bound oxygen or organic compounds 
as final hydregen acceptors, the hy- 
drogen being donated by a substrate 
with its trars-er resulting in energy 
production. Gases of varying solubil- 
ity (Table #5) are produced by three 
recegnized bat poorly defined anaero- 
bic pathways: denitrification, fermen- 
tation, and Geamination.*:*’ 

In the proeess of denitrification, or- 
ganisms use bound oxygen as the hy- 
drogen acceptor in the ferm of a ni- 
trate (NO.) @r a ritrite (NO.) with 
subsequent production of nitrogen 
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and nitrous oxide. Though poorly de- 
fined, this scheme of metabolism is 
shown in Fig 2. Solubility of nitrogen 
is low enough to allow accumulation 
of the gas. Fermentation is a form of 
anaerobic metabolism in which or- 
ganic compounds serve as substrate 
and hydrogen acceptors. This results 
in energy production through a chain 
of reactions as shown in Fig 3. Hy- 
drogen may be produced, accumulate, 
and cause crepitus because its solubil- 
ity coefficiency is low. Deamination is 
a form of fermentation in which pro- 
teins are utilized as the substrate 


for growth and as hydrogen acceptors 
with the resultant productien of hy- 
drogen sulfide and hydrogen. 

It seems reasonable to assume, 
then, that in vivo gas production is 
the end result of anaerobic metabo- 
lism by bacteria that may be either 
strict or facultative anaerobes. Diffi- 
culties in both sampling and culture 
techniques may prevent growth of 
strict anaerobes, while facultative 
ones flourish in aerobic cultures, giv- 
ing the false impression that aerobic 
organisms are producing a gas-form- 
ing infection. In fact, any organisms 
capable of utilizing an anaerobic 
pathway might produce gas if the 
metabolic conditions in the tissue are 
appropriate. 

Oakley demonstrated that trauma 
and surgical and vascular injuries 
generate areas of tissue anoxia with 
the result that carbohydrate and pro- 
tein metabolism proceed anaerobi- 
cally, accumulating lactic acid.” The 
buffer systems in this environment 
are depleted and a subsequent de- 
crease in pH occurs, causing lysoso- 
mal disruption and release of auto- 
lytic lysosomal enzymes that, in turn, 
cause a release of peptides, amino 
acids, and other reducing substances 
that may act as microbial substrates. 
The resulting increase in concentra- 
tion of reducing substances, coupled 
with a low environmental pH and 
anoxia, provides an ideal environ- 
ment for anaerobic microbial metabo- 
lism (Fig 4). Whether an actual infec- 
tion occurs, however, is probably 
determined by a number of host-mi- 
crobe interrelationships, including 
method and amount of inoeulum, vir- 
ulence of the bacteria, and host de- 
fense mechanism.*'* 

The importance of the presence of 
gas is to alert the clinician to the 
presence of tissue hypoxia extensive 
enough to support thriving anaerobic 
bacterial growth. The infection rap- 
idly becomes life-threatening and 
cannot be cured until the conditions 
promoting tissue hypoxia are elimi- 
nated. 


Classification of Gas Infections 


Altemeier proposed a useful classi- 
fication of nonclostridial gas-forming 
infections, as follows: 
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I. Aerobic aerogenic infections 

A. Coliforms 

B. Mixed 
II. Anaerobic streptococcal infections 
III. Hemolytic streptococcal gangrene 
IV. Bacteroides infections 
V. Nonbacterial lesions 
We believe that his first category 
is confusing, however, since aerobic 
aerogenic infections are proba- 
bly caused by facultative anaerobes 
grown aerobically in vitro because of 
lack of ideal in vitro anaerobic culture 
environment. Staphylococcal lesions 
are not included in Altemeir’s classi- 
fication. Accordingly, we suggest a 
new and more general classification: 
I. Caused by facultative anaerobes 

A. Coliforms 

B. Other Gram-negative rods 

C. Streptococci 

D. Staphylococci 

E. Others 
II. Cause by strict anaerobes 

A. Streptococci 

B. Bacteroides 

C. Others 
III. Nonbacterial processes 

A. Mechanical 

B. Chemical 

C. Others 

Undoubtedly, the incidence of these 
infections is far greater than the 
number of reported cases reflects. 
Furthermore, gas formation is fre- 
quently a component of infectious 
processes reported under other 
names, such as synergistic necrotiz- 
ing cellulitus or necrotizing fas- 
ciitis.**** Another term, bacterial syn- 
ergistic gangrene, which has been 
applied to superficial, spreading 
anaerobic infections occurring post- 
operatively in sutured wounds, does 
not necessarily imply gas formation. 
We prefer the term “nonclostridial 
crepitant infection” when gas is pres- 
ent because it emphasizes this dire 
clinical sign and because it may be 
more generally applied than names 
referring to special situations, such as 
a region of the body, a layer of tissue, 
or the virulence of the infection. 


Management of Gas Infections 


The general principles of managing 
nonclostridial crepitant cellulitis are 
much the same as those used in man- 
aging any wound with dirty or de- 
vitalized tissue. Wide incision must 
be made to expose all areas contain- 
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Fig 4.—Cycle of events that may be conducive to establishing an anaerobic environment. 


ing gas and to allow removal of all 
nonviable tissue. As with any infec- 
tion of this type, the most common er- 
ror and the frequent cause of progres- 
sion of infection is failure to be 
aggressive enough with the initial de- 
bridement and drainage. 

Immediate study of the Gram stain 
is important to facilitate the earliest 
possible institution of appropriate an- 
tibiotic therapy. In gas gangrene, for 
example, Clostridia organisms are 
nearly always visible as numerous 
large Gram-positive rods. In nonclos- 
tridial infections, choice of antibiotics 
will be determined by study of the 
smear which will show Gram-positive 
cocci (usually streptococci) and Gram- 
negative rods (usually coliforms) in 


most cases. No single drug or anti- 


biotic combination can be shown to be 
superior, and all are adjuncts to sur- 
gical treatment. It is important, how- 
ever, to include coverage for Bacte- 
roides if that. organism (usually 
enteric in origin) is thought to be 
present. As a corollary, appropriate 
handling of all samples for culture, 
especially those for anaerobic culture, 
is of paramount importance. 

Two materials for topical therapy 


have been advocated for gas infec- 
tions: zine oxide by Meleny’ and 
mafenide (Sulfamylon) hydrochloride 
by Mendelson and Lindsey.” Al- 
though we have not utilized these ad- 
juncts to surgical therapy, we may do 
so in the future because two of our 
patients required repeated debride- 
ment in spite of apparently adequate 
initial procedures. Most studies of 
topical antibiotic penetration into ab- 
normal tissue must be performed, 
however, before the role of topical 
therapy is clarified in this kind of in- 
fection.” Finally, early recognition of 
sepsis and its vigorous management 
by general supportive measures is, of 
course, essential. 


Nonproprietary Names 
and Trademarks of Drugs 


Gentamicin sulfate—Garamycin. 

Dicloxacillin sodium monohydrate—Path- 
ocil, Veracillin. 

Cephalothin sodium—Keflin. 

Clindamycin hydrochloride hydrate—Cleo- 
cin Hydrochloride. 

Ampicillin sodium—Alpen-N, Ameill-S, 
Omnipen-N, Pen A/N, Penbritin-S for 
Injection, Pensyn-N, Principen/N, SK- 
Ampicillin-N, Potacillin-N. 
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CLaRE G. FE”ERSON, MD, Portland, Ore: 
I would like tc thank Drs. VanBeek and 
Glover and ther Indianapolis group for a 
fine clinical presentation of a problem com- 
mon to all ef sur hospitals. It is interesting 
to reeall and important to remember that 
sepsis is still the number one kiling factor 
on surgical services. The day has been a 
little depressing because we have been 
speaking all a°ternoon about 25% to 50% 
mortality, ard here is another example. 

I want te n_ke several practical points: 
first, a comment about the value of physi- 
clogic refrigeration amputation as a pre- 
limimary to the more-formal amputative 
procedure wnem the patient is very sick; 
second, the cistimction between the clostri- 
dial and norclwstridia! gas-forming infec- 
tions and the ~alue of hyperbaric oxygen. 

A combinstia that we have seen most 
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Discussion 


frequently is one of microaerophilic 
streptococci, gas-forming Escherichia coli, 
and Bacteroides. The infection may be ful- 
minant and respond very poorly to all anti- 
biotic combinations but show dramatic re- 
sponse with hyperbaric oxygen therapy. 
We have been told that Bacteroides will 
not respond to hyperbaric oxygen therapy, 
but several outstanding recent successes 
in nonclostridial gas-forming infections 
where Bacteroides was the predominant 
organism lead me to mention it to you. I 
think it should be used in such cases. 

Dr. GLOVER: I would like to thank Dr. 
Peterson for his comments. 

We do use physiologic refrigeration 
rather than immediate operation on a 
number of occasions and agree that it is an 
excellent procedure. 

The comments regarding the fulminant 
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clinical appearance with particular combi- 
nations of organisms are appropriate; and I 
am certain that, as we become more cogni- 
zant of proper techniques for obtaining 
cultures of strict anaerobes, we will see 
different organisms reported in this kind 
of infection, which obviously is more com- 
mon than reported in the literature. 

The points that we wanted te emphasize 
were that all gas-forming infections are 
certainly not clostridial, but that these in- 
fections may have the same kind of fulmi- 
nant course as clostridial, gas-forming in- 
fection. 

And finally, although we are on the 
anaerobic swing of the bacteriologic pen- 
dulum, the host factors are still probably 
the most important, and certainly the most 
poorly understood mechanisms relating to 
the cause of infection. 
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Evaluation of Immune Status 


in Tumor Patients 


R. Mark Vetto, MD; Denis R. Burger, PhD; David P. Lilley, PhD, Portland, Ore 


Lymphocyte response to thymus (T)- and 
bursal (B)-cell stimulation was studied in 26 
patients with a variety of cancers. It was 
found that a T-cell block was present in ten 
of 13 patients with an unfavorable clinical 
course, whereas in patients undergoing a fa- 
vorable course, only three of 11 were 
blocked. The blocking substance was in the 
serum and could be washed free from the 
cells, which then responded normally. The 
blocking substance was associated with a 
rise in a,-globulin, as noted by disk-gel elec- 
trophoresis. There was no correlation of B- 
cell stimulation with the patients’ course or 
T-cell response. 


t has not been possible to as- 
sess the effect of therapy during 
the clinical management of the can- 
cer patient, except in broad terms. 
When a patient with cancer seeks 
treatment, a treatment plan is for- 
mulated, utilizing surgery, radiation, 
and chemotherapy in an appropriate 
manner that will yield an expected 
percentage of favorable results. But 
it is seldom possible to identify at an 
early point the individual who is not 
doing well with the plan, and who, 
perhaps, should be treated in a differ- 
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ent manner. The reappearance of tu- 
mor or the final unfavorable outcome 
are indications of unsuccessful treat- 
ment. If early in the course it could be 
determined by testing that the pa- 
tient was not responding in a biologi- 
cally favorable manner to treatment, 
then the opportunity would occur for 
the manipulation of therapy in order 
to specifically treat that particular 
patient. 

One of the areas in which this indi- 
vidualized sort of biological surveil- 
lance may be applied is in the immu- 
nology of tumors. The effectiveness 
with which a patient with cancer han- 
dles persisting tumor may be related 
to his own immune response. It has 
been observed, for example, that lack 
of delayed hypersensitivity responses 
correlate with clinical tumor progres- 
sion.' It would be useful, therefore, to 
have a way to repeatedly measure the 
patient’s immune response to his tu- 
mor. This would allow not only an 
immediate assessment of antitumor 
immunocompetence, but would show 


these changes as therapy progressed. 


We have recently assayed immune re- 
sponses in 26 patients with a variety 
of tumors. In this study, the response 
has been measured in terms of trans- 
formation of thymus (T)- and bursal 
(B)-equivalent lymphocytes to non- 
specific stimulants. 


Materials and Methods 


Patient Selection and Evaluation.—Pa- 
tients were selected from various tumor 
clinics of the Veterans Administration and 


University of Oregon Medical School Hos- 
pitals. These patients were categorized as 
to their vital statistics, type of tumor, tis- 
sue origin of tumor, and length of clinical 
course. A clinical evaluation was made of 
the aggressiveness of the tumor and its 
tendency to metastasize. The response of 
the tumor to previous treatment was 
noted. Prior to beginning any new therapy, 
a blood sample was drawn from lympho- 
cyte transformation studies. 

Lymphocyte  Transformation.—Lympho- 
cyte transformation was measured by tri- 
tiated~ thymidine uptake in a modified 
whole blood culture system.’ A total of 2.5 
ml of heparinized blood (60u/ml) was di- 
luted to 50 ml with medium RPMI 1640 
containing antibiotics and 25 millimols of 
Hepes buffer.” The mixture was washed by 
centrifugation (1,000 rpm for 20 minutes) 
and cells reconstituted with 50 ml medium. 
Ten micrograms of phytohemagglutinin-P 
(PHA) or 0.1 ml of 0.1 pokeweed mitogen 
(PWM) were added to quadruplicate, 3-ml 
cultures. This consistently supplies 800,000 
to 1,000,000 lymphocytes per culture. Nor- 
mal control serum or autologous serum (0.1 
ml) were added to duplicate cultures. The 
cultures were incubated for six days at 37 
C (98.6 F) with 1 microcurie of tritiated 
thymidine (specific activity, 6.8 milli- 
curies/millimol) added 18 hours prior to 
the end of the incubation period. The cul- 
tures were harvested on 2.3-mm glass-fi- 
ber filters by two washes with 0.15M saline 
followed by 3% acetic acid, 5% trichloro- 
acetic acid, and methanol. The filters were 
placed in 20-ml vials with a 10-ml scintilla- 
tion “cocktail” and counted in a liquid scin- 
tillation counter as described.’ Duplicate 
cultures varied less than 10% from the 
mean. 

Disk-Gel Electrophoresis.—Polyacrilam- 
ide disk-gel electrophoresis was carried 
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ace2nocarcinoma (colon) 





* Thymus (T` cells had phytohemagglutinin stimulation; bursal (B) cells had pokeweed 


mitogen stiravietion., 











Exe 1.—Lymphocyte Responses in Patients With Cancer 


Lymphocyte Response* 


T-Cells 


Responds 


B-Cells 


Responds 








Clinical 


1 Meanrcma Responds Responds Poor 
2 Me anema Blocked Responds Poor 
3 Meanema Blocked Blocked Poor 
4 Ad®rocarcincma (rectum) Blocked Responds Poor 
5 Me anema Responds Responds Poor 
6 Lymoroma Responds Responds Favorable 
7 Squerseus cell carcinoma Blocked Blocked Favorable 
“esephagus) 
8 Fibresarcoma Blocked Responds Favorable 
9 Sciamous cell carcinoma Blocked Blocked Poor 
(tonsil) 
10 Broaractogenic carcinoma Blocked Not done Poor 
11 Aeaccarcinoma (rectum) Responds Responds Favorable 
12 Bonchogenic carcinoma Responds Responds Favorable 
13 Aeenecarcinoma (rectum) Blocked Blocked Favorable 
14 Melarema Responds Blocked Favorable 
15 Rera cell carcinoma Responds Blocked Favorable 
16 Adenocarcinoma, ? primary Responds Blocked Favorable 
17 ‘Squamous cell carcinoma Responds Responds Not yet 
apparent 
18 Adenocarcinoma (rectum) Blocked Blocked Poor 
19 Sjsamous cell careinoma Blocked Blocked Poor 
‘esophagus) 
20 Tensitiona cell Blocked Not done Poor 
carcinoma (bladder) 
21 Sj 1emous cell carcinoma Blocked Not done Poor 
(hypopharynx) 
22 Adanocarcinoma (colon) Blocked Not done Poor 
23 Gposarcoma Responds Not done Favorable 
24 Melanoma Responds Responds Favorable 
25 “quamous cel! carcinoma Responds Responds Not yet 
(pharynz) apparent 


Poor 


Table 2.—Response of Normal Lymphocytes to Blocking Serum* 


Patient 19’s Cells 


Serum Source PHA 


Patient *ssserum 14.000 
Normal -erum 58 000 


* Countsgper minute of tritiated thymidine incorporation. 


out in 7% aertlamide gels at 1.5 mamps 
per gel for 45 minutes according to 
the methoes cf Ornstein‘ and Davis.’ To 
facilitate emoparison, all serum samples 
from a single anima! were eleetrophoresed 
together. The gels were stained with amido 
Schwartz, destained in 10% acetic acid, 
and scanned m a densitometer. The per- 
cent of eæF globulin fraction was calcu- 
lated by automatic integration of the gel 
tracing. 


Studies end Results 


Twent-sm patients with cancer 
underweat lymphocyte culture and T- 
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PWM 


10,000 
38,000 


Normal Cells 


PHA 


21,000 
85,000 


PWM 


16,000 
46,000 





and B-cell stimulation. In this group, 
six patients had malignant mela- 
noma, six had adenocarcinoma of the 
rectum and colon, and six had 
squamous cell carcinoma of the 
oropharynx and esophagus. There 
were two patients with sarcomas. The 
remaining six patients had a variety 
of tumors. Duplicate cultures were 
stimulated with PHA and PWM in 
autologous and normal control serum. 
The culture scheme shows the uptake 
(counts per minute) of tritiated 
thymidine (autologous serum, 22,000 


PHA and 6,000 PWM; control serum, 
86,000 PHA and 8,000 PWM). It can 
be seen that this patient (18) with 
carcinoma of the colon is unable to re- 
spond to PHA stimulation but re- 
sponds to PWM stimulation. Tabula- 
tion of data from all the patients 


(Table 1) indicates that half of the 26 


patients with cancer do not respond 
to PHA stimulation. There was no 
significance in the relation of PHA 
block to the type of tumor. Nine pa- 
tients were blocked to PWM stimula- 
tion and 12 were not. In 15 of the pa- 
tients, the response to PHA and 
PWM was the same, six being blocked 
to both agents and nine being blocked 
to neither. In the remaining six pa- 
tients, three were blocked only to 
PWM stimulation and three were 
blocked only to PHA stimulation. 

To elucidate the nature of the 
block, the lymphocytes from cancer 
patients were cultured in normal se- 
rum and stimulated with PHA and 
PWM. Under these circumstances, all 
the cells responded to stimulation of 
both agents. 

To determine whether the serum 
from cancer patients contained a fac- 
tor that prevented lymphocytes from 
responding to PHA and PWM stimu- 
lation, the serum from patients who 
exhibited blocking was added to nor- 
mal cells and the entire experiment 
repeated. It was found that in all in- 
stances the serum prevented a re- 
sponse in normal cells. A represent- 
ative tritiated thymidine uptake 
experimental scheme is shown in 
Table 2, using serum from a patient 
with squamous cell carcinoma of the 
esophagus. 

Since the factor that prevents 
the lymphocytes from responding to 
stimulants is present in the serum of 
cancer patients, this serum was stud- 
ied by disk-gel electrophoresis. It was 
found that the presence of a serum- 
blocking factor was associated with 
an increase in the a,-globulin frac- 
tion. This increase was present in all 
blocking sera that were studied. The 
normal value for a.-globulin is 
5.5% + 1.2% of the total serum pro- 
teins. The mean value of a,-globulin 
in these 26 patients is 6.4% + 1.6%. 
The mean value obtained in blocking 
sera was 7.7% + 0.86%, while in non- 
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blocking sera the value 
5.1% + 0.91%, (P =<.01). 

_ The clinical status of the patient, at 
the time he was seen and culture 
specimens were taken, was graded in 
a general way as favorable or un- 
favorable. This determination was 
made to provide a correlation with 
immune status, and bore no relation 
to whether the patient was cured or 
not. For example, a patient with a re- 
cently discovered tumor that had me- 
tastasized widely was judged as unfa- 
vorable. In contradistinction, the 
status of a patient with a tumor that 
is widely metastatic, but has been 
present for several years and seems 
to progress indolently, is judged as 
favorable. 

Culture data were present in all of 
the 26 patients studied. Of these, the 
clinical evaluation indicated that 13 
patients were undergoing an unfa- 
vorable course, while 11 were under- 
going a favorable course. In two, the 
type of clinical course was not yet ap- 
parent. Of the 13 patients undergoing 
an unfavorable clinical course, ten 
had blocking factors in their serum. 
Of the 11 undergoing a favorable clin- 
ical course, only three had blocking 
factors in their serum. 


was 


Comment 


The tumor tissue in patients with 
cancer contains antigens that are for- 
eign to the host. The host, therefore, 
develops an immune response to the 
tumor. This response shows itself in 
two measurable forms, the develop- 
ment of circulating antibodies (AB) 
and the development of cell-medi- 
ated immunity (CMI). Both response 
forms are undoubtedly important and 
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interact in ways that are not well un- 
derstood, but the experience in organ 
transplantation has indicated that 
the more overt role in tissue rejection 
is played by CMI. Rejection in the un- 
suppressed patient is accompanied by 
a heavy infiltration of round cells into 
the transplanted organ. In the sup- 
pressed patient, rejection is predomi- 
nantly a vascular phenomenon associ- 
ated with intimal thickening and 
diminished circulation to the graft. It 
is likely that a patient’s immune con- 
trol of his tumor will be mediated by 
similar mechanisms. 

The data from 26 cancer patients 
indicate that the T-derived lympho- 
cytes from half of these patients do 
not respond by cell division when 
stimulated by a specific agent, PHA. 
The defect is not in the cell, however, 
but in the serum of the cancer pa- 
tients, since the cell responds nor- 
mally when it is washed free of the 
patient’s serum and recultured in nor- 
mal serum. Since T-cells are princi- 
pally involved in CMI reactions, this 
is a test of that form of immune 
response. 

The PWM reactions concern the re- 
sponse of B-derived cells and, there- 


` fore, appear to test the AB system. 


There is no correlation between T- 
and B-cell responses in this group of 
patients, except that the response 
was the same in half of these pa- 
tients. 

The blocking factor in the patient’s 
serum is effective against normal 
cells by blocking the response to PHA 
stimulation in cell culture, and, there- 
fore, this factor does not work specifi- 
cally against cells from cancer pa- 
tients. The blocking factor is found in 


the a.-globulin fraction of serum. 

One of the most difficult eval- 
uations is that of the patient’s clinical 
status from a kinetic standpoint, and 
the subsequent correlation with im- 
munologic data. For instance, it is 
possible that a patient who has en- 
joyed a long remission period is ac- 
tually beginning a period of deteri- 
orating immunocompetence that will 
not become clinically apparent for 
some weeks or months. Therefore, pa- 
tients who seem to be doing well, but 
demonstrate T-cell blocking, must 
be observed carefully to determine 
whether a change in clinical status 
has occurred and whether this can be 
correlated with immune status eval- 
uation. The data from this study indi- 
cate that patients who are not under- 
going a favorable clinical course are 
most likely to have factors in their 
serum that block T-cell lymphocyte 
transformation, while the reverse is 
true of those who are enjoying a fa- 
vorable clinical course. 
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Improved Management of 
Skin Graft Donor Sites 


With Silver Sulfadiazine Dressings 


James R. ley i, MD, Detroit 


The voluminous literature concerning the 
management.o> burn injuries has little to say 
about the skin graft donor site, and a sam- 
pling of the general knowledge of donor site 
healing time and the reharvesting interval 
suggests that there is an unnecessary pro- 
longation of each. A method of managing 
skin graft conor sites employing silver sulfa- 
diazine (Siivacene) is presented. The ap- 
proach permits reharvesting of donor sites 
within ninesor ten days as welas providing a 
more comfertaple doncr wound that is clini- 
cally healec within six to ten days. Two case 
reperts of patients with major burns are uti- 
lized to illustrate the techniques employed 
on the Burn Unit of the Children’s Hospital 
of Michigan. 


he skin graft doner site has 

long been a major source of dis- 
comfort and morbicity for the patient 
undergoing skin grafting for either 
third-degree burns or plastic recon- 
structive precedures. Although there 
is an abundance of literature cov- 


ering all phases of the treatment of 


bumn injumes, the donor site is an ex- 
ception and thë crucial aspect of burn 
management has not received the at- 
tention & varrants. In view of the 
fact that cosure of a major third 
degree burr wound depends on the 
availabilty of autogenous skin, it 
would appear that the care of sparse 
donor sites and the ability to reuse 
such donor sites within the short- 
est possibe time would merit much 
greater coneern. 

Healing with respect to the donor 
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site in the human was observed by 
Moyer et al' to occur between 14 and 
21 days when 0.5% silver nitrate soaks 
were employed for donor site dress- 
ings and it was possible to reharvest 
donor sites so treated within 18 to 21 
days. Alexander et al’ compared do- 
nor site dressings of fine-mesh gauze 
and synthetic laminate (Epigard) and 
reported that the sites appeared clini- 
cally healed within 13 days. Burleson 
and Eiseman* studied donor site heal- 
ing in rats and compared the results 
of healing time using various dress- 
ings. A standardized skin graft 0.04 
em (0.015 inches) thick and 2.5 x 4.0 
em was taken from the backs of rats 
and the uncovered controlled wounds 
healed within 12+ 3 days. Donor 
sites treated with porcine skin dress- 
ings healed in eight plus or minus one 
day. Mafenide acetate (Sulfamylon 
cream) treated wounds healed in 
18+ 3 days and silver sulfadiazine 
(Silvadene)-treated wounds, 17+ 2 
days. Twelve wounds were seeded 
with Staphylococcus awreus and the 
infected untreated wounds healed in 
19+ 2 days. An estimate or pre- 
diction as to whether or not these 
wounds were sufficiently healed to 
tolerate reharvesting was not of- 
fered. 

Other than these few articles, there 
has been a minimum of literature de- 
voted to the management of the skin 
graft donor site. The International 
Bibliography on Burns‘ published in 
1969 and including the 1970° and 1971° 
supplements listed only 13 studies 
dealing with the skin graft donor site 
and eight of these were published in 
foreign journals. 

An informal poll was obtained from 
plastic, reconstructive, and general 
surgeons locally and at several na- 
tional meetings regarding the min- 
imal time interval permitting reuse 


of a skin graft donor site. There was 
a surprisingly wide variation of opin- 
ion ranging from two to six weeks, 
with an average of three weeks. 

With the realization that many per- 
sons with severe burns either were 
enduring significantly prolonged 
healing times or were dying because 
autogenous skin was not made avail- 
able soon enough to reduce the burn 
wound below a critical margin, it was 
decided that there was considerable 
merit in passing along a relatively 
simple technique that permits rehar- 
vesting of skin graft donor sites in as 
few as nine or ten days. 

There are two aspects of donor site 
healing that are clinically significant. 
One of these is patient comfort and 
the other is the time interval permit- 
ting reuse of a donor site, both of 
which are influenced by the donor site 
dressing. 

In terms of patient comfort, the 
dressing should be painless and either 
promote or permit healing in the 
shortest time possible to the point 
of achieving an asymptomatic wound. 
Our interpretation of this state is 
that point at which the wound is no 
longer painful and is comfortable 
when left open, covered only by a thin 
film of a bland, water-soluble medi- 
cant (A and D ointment). 

The healing times of 93 donor sites 
variously treated on the Children’s 
Hospital of Michigan Burn Unit were 
evaluated and the results of this 
study are tabulated in Table 1. 

In terms of reusing donor sites, 
healing should have progressed to a 
point which permits repeated rehar- 
vesting of skin grafts at approxi- 
mately 0.03 cm (0.012 inches) thick 
without converting the donor sites to 
a full-thickness defect. Employing sil- 
ver sulfadiazine dressings, the capa- 
bility of reusing donor sites within as 
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little as ten days has been repeatedly 
demonstrated. 

While there are insufficient data 
presently available to permit a sig- 
nificant comparison between various 
dressing materials, our clinical im- 
pression is that povidone-iodine 
dressings permit reharvesting in ap- 
proximately 12 to 14 days and nitro- 
furazone (Furacin) gauze dressings 15 
to 21 days. It should be noted that the 
primary purpose of this study is not 
to compare the healing properties of 
various topical agents but to demon- 
strate that reharvesting of skin graft 
donor sites can be performed in a 
much shorter period of time than con- 
sidered possible based on current in- 


Table 1.—Healing Time for 
Donor Sites | 


No. of Healing 
Donor Time, 
Days 


Range, 


Medication Days 


Silver sul- 
fadiazine 
Povidone- 
iodine 
Nitrofura- 
zone 
Mixed 
Medicines 


Sites 


Table 2.—Operations on 
314,-Year-Old in 1972* 


Reuse of 
Donor 
Site, 
Days 


Days 
Between 
Procedure 


R buttock 


R buttock 
L leg 
R buttock 
L leg 
Arms 


L leg 
R buttock 


L leg 


7 
5 
8 
3 
1 
3 
? 
4 
9 
6 
7 
6 
7 
8 
7 
9 


_ 
N 


w 
(e2) 





* All dressings were silver sulfadiazine. 
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formation. The reharvesting of skin 
graft donor sites employing silver 
sulfadiazine dressings is illustrated 
by the case summaries of two pa- 
tients who had major burn injuries 
(Table 2 and 8). 

The donor site dressings employed 
at the Children’s Hospital of Mich- 
igan prior to February 1965 were 
primarily nitrofurazone gauze and 
bismuth tribromophenate (Xeroform) 
gauze. In February 1965, we began 
using 0.5% silver nitrate soaks and 
most of the donor sites were similarly 
treated. The healing time achieved by 
this modality was comparable to that 
reported by Moyer et al.' In August 
1968 the topical antimicrobials, silver 
sulfadiazine and mafenide acetate, 
became available and these two 
agents replaced silver nitrate soaks 
in the management of the burn pa- 
tients. 

Very shortly after the introduction 
of silver sulfadiazine for the treat- 
ment of the burn wound, it was em- 
ployed on donor sites and an almost 
immediate clinical impression was 
gained that these wounds were less 


painful and healed much more rapidly 
than had been our previous experi- 
ence. 


Skin Grafting Techniques 


For routine skin grafting, the Brown 
electric dermatome has been the instru- 
ment most frequently used on our burn 
unit. In patients where large areas such as 
the back, chest, or thighs are available for 
donor sites, and where the third-degree de- 
fect is no more than 20% or 30% of the body 
surface, an attempt is made to cover the 
defect with a single graft. When it is pos- 
sible to obtain sufficient skin to completely 
close the wound primarily, this is done. 
However, if only enough skin can be ob- 
tained to cover approximately half the 
wound the skin is expanded with the mesh 
dermatome (Zimmer) using the 3/1 or the 
6/1 mesh device and, in some instances, it 
has been possible to close a large defect 
with a single grafting. This gives a fairly 
good quality of skin and a satisfactory cos- 
metic result. Postage stamp grafts con- 
tinue to be used on the more extensive 
burns, and it is our opinion and mathemat- 
ically demonstrable that 2x3-cm postage 
stamp grafts will cover as much or a 
greater area than can be achieved by 
meshing, in addition to which the quality 


Table 3.—Operations on 12-Year-Old in 1968 


Donor 
Site 

Debridement 
Debridement 
Abdomen 
Back 
Abdomen 
R back 
L back 
Abdomen 
Abdomen 
Back 
Abdomen 
Back 
Abdomen 
Back 
Abdomen 
Buttock 
Back 
Abdomen 
Back 
Abdomen 
R leg 
Abdomen 
Back 
R leg 


Reuse of 
Donor Site, 
Days 


Days Between 
Procedure 


| Re 


8 
7 
5 
0 
0 
3 
5 
a 
4 
6 
3 
7 
4 
6 
4 
4. 
5 
5 
7 
5 
6 
8 
7 





* Dressings: SN, 0.5% silver nitrate; G. medical gauze; M, mafenide acetate; SS, silver 


sulfadiazine. 
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* 2.54 x 4-in skin = 19 sq in. 


of skin appears to be slightly superior 
(Table 4). 

The thickness of the skin graft is ob- 
viously an impcrzant factor influencing do- 
nor site healing. It is difficult to routinely 
obtain grafts o? the desired thickness inas- 
much as the dermatome settings are not 
completely reliable. For this reason, great 
care should be taken not to exceed a depth 
of approximately 0.03 cm (0.012 inches) in 
patients with major burns in erder to avoid 
prelonged healing times of the donor site. 
In lesser burns or where it is desirable to 
obtain thieker skin for use over joint sur- 
faces, a few additional days of healing 
time are permissible. In general it has 
been our observation tiat donor sites up to 
0.03 em deep-can be expected to heal within 
seven to ten days and can be routinely re- 
harvested as early as ten days. The area 
from which the skin is taken does not sig- 
nificantly induence the healing time, and 
we have observed donor sites sufficiently 
healed to permit regrafting within ten 
days on sueh diverse areas as the legs, 
thighs, abdemen, back, arms, chest, and 
scalp. As previously mentioned, when 
ample skin can be obteined te effect closure 
of a wound ir three or less graftings, we 
prefer to hawe the patient anesthetized 
and use the Brewn dermatome. When the 
total defect approaches 70% in patients 
with one or several relatively small donor 
sites that provide as little as 226 to 290 sq 
cm (35 to 45 sc inches) of skin per grafting, 
the procedure is done under local anesthe- 
sia using the Castrovi2jo dermatome as de- 
scribed by Moyer et al.' Experience has 
demonstrated that a donor site of approxi- 
mately 1025 em (4X10 inehes) or 258 sq 
em (40 sq inches) can be infiltrated and 
rendered anesthetic with 200 ml of 0.2% 
lidocaine hydrochloride containing one to 
500,000 epinephrine. The limiting factor 
here is the emount of lidecaine used in 
very small children in whem the dosage 
should not exceed 6 mg of lidocaine per 0.5 
kg. The thickness of the graft using the 
Castroviejo dermatome is determined by a 
shim that is mserted in the dermatome to 
adjust the depth of cut. The shims vary in 
thickness from 0.1 mm to 0.5 mm and vari- 
ous combinations may be used to obtain 
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Table 4.—Graft Expansion* 


Ratio of Exparsion cm (in) sq cm (sq in) 
15/1 8.25 X 8.89 3.25 x 3.5 73.5 (11.4) 
3/1 7.62 X 11.43 3.0 X 4.5 87.1 (13.5) 
6/1 6.35 X 17.78 2:5 - X70 112.9 (17.5) 
9/1 5.72 X 27.94 2.25 X 11.0 159.3 (24.7) 
Postage Stamp 10.16 X 17.78 Sa ee 180.6 (28.0) 








Expanded Size 












the desired thickness. In our particular in- 
strument, we have found that the 0.3-mm 
shim provides skin of adequate thickness 
and leaves behind a donor site that can be 
expected to heal within nine or ten days. 


We have depended on clinical observation 
of the donor site to judge healing.’ 

The burn injured area, open granula- 
tions, the grafted site, and donor sites are 
all covered with silver sulfadiazine dress- 
ings. In spite of the fact that the donor site 
may be completely surrounded by an open, 
third-degree burn wound, the donor sites 
have not become infected. Soon after be- 
ginning to use a knitted, cearse-mesh 
gauze (Kerlix) impregnated with silver sul- 
fadiazine on recipient sites, it was ob- 
served that dressings had to be changed 
within 36 hours in order to prevent mac- 
eration of the grafted skin. 

Initially, significant mechanical diffi- 
culties were encountered during dressing 


Fig 1.—Extent and depth of burn injury. Second-degree burns indicated by single hatching 


and third-degree burns by dotted screen. 
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RELATIVE PERCENTAGES OF AREAS AFFECTED BY GROWTH 








Area Age 0 1 5 

A = 1⁄4 of Head 914 8% 6% 
B = % of One Thigh 234 3% 4 

= % of One Leg 23⁄4 2% 2% 
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changes of the recipient sites due to the 
tendency of the grafted skin to adhere to 
the overlying dressings more strongly than 
the recipient site. After much frustration, 
this particular problem was overcome by 
wrapping the freshly grafted recipient 
sites with a single layer of a saline-mois- 
tened, knitted, fine-mesh gauze (Kling). 
The silver sulfadiazine impregnated Kerlix 
is then applied over the Kling and the 
dressing is completed using either a burn 
pad, consisting of 30 layers of single-ply 
cheesecloth or dressings consisting of mul- 
tiple layers of wrapped Kerlix gauze suffi- 
ciently thick to prevent drying out for at 
least 36 hours. 

The entire dressing is held in place with 


Fig 2.—Extent and depth of burn. Second- 
third degree burns by dotted screen. 
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DETROIT 2, MICHIGAN 


BURN SHEET 


BURN RECORD. AGES 7 TO ADULT 


DATE OF OBSERVATION 6 20 68 


snuggly wrapped 10-em (4-inch) wide, bias- 
cut Stockinette (knitted cotton with two- 
way stretch when cut on the bias). The 
availability of bias-cut Stockinette has 
been a valuable asset to burn manage- 
ment. It is much less expensive than elas- 
tic bandages and provides a gentle com- 
pression over all areas of the burn wound 
as well as the donor site and recipient 
sites. 

The entire dressing is changed within 24 
hours after grafting, with the exception of 
the Kling over the recipient site. The donor 
site dressing is removed as gently as pos- 
sible, rarely producing more than slight 
discomfort. While our patients are rou- 
tinely tubbed on a daily basis, we ordinar- 


degree burns indicated by single hatching and 











RELATIVE PERCENTAGES OF AREAS AFFECTED BY GROWTH 











ily do not tub the patients on the fi 
after a graft. However, in order to E 
an accumulation of debris on the r 
der of the ungrafted burn area, t 
tients are tubbed on the second 
grafting day. The dressing is re 
down to the Kling and this is left ir 
to prevent the grafts from floating 
the tub. The patient is tubbed in a m 
containing 1 kg of salt, 50 gm of am 
tergent (Pink Dreft), and 60 ml of co 
household bleach for each 200 lit 
water. 

After completion of the tubbing a 
fore redressing the patient, the 
dressings are carefully removed. A { 
the postage stamp grafts will adhere 
overlying Kling and these must be 
fully detached so as not to be moved 
the recipient bed. For the first thr 
four days after grafting, the recipier 
is recovered with a single layer of 
and the dressings are then routinel 
plied as before. Any grafts inadveri 
removed are replaced and nearly a 
take successfully. Usually by the fifth 
graft day the grafts are sufficientl 
herent to permit the direct applicati 
Kerlix impregnated silver sulfadiazi 
the recipient site and the patient m: 
tubbed without the protection of the | 
dressing. 


Report of Cases 


The foregoing methods of burn mai 
ment are illustrated by two of our pat 
with major burn injuries. One of thes 
tients (Fig 1, Table 2), a 34-year-old \ 
girl was admitted to the burn uni 
March 25, 1972, with an 81.5% burn. 
third-degree defect was 68%. Her total 
face area was 0.62 sq m (962 sq im 
with a 0.42 sq m (655 sq inch) defect. 
underwent a total of 17 skin grafts o1 
burn unit under local anesthesia at ii 
vals of 3 to 11 days. Donor sites ` 
reused in as little time as ten days. Th 
nor site on the left leg was used nine ti 
the scalp five times, the right buttock 
times, and the arms twice. The area of 
right buttock was initially a second-de 
burn that was employed as a donor 
when considered adequately healed. Ai 
tempt was made to reharvest skin frc 
third-degree area that showed good t 


Area Age 10 15 Adult ing approximately six weeks after gr 

A = 1⁄4 of Head 514 44 3% ing. While the grafts thus obtained — 

B = % of One Thigh 44 4% ak well, the donor site resulted in a th 

CT of One Leg A BURID- BY NTE K ni degree defect that was allowed to c 
Probable Hed o Neck ani Body.2!-5 _ Up. Kima Forearm....© =k. Hands... 8p ontaneously. x z 

3rd° Burn Genitals Í Buttocks. 4 T highs.. 17.. Legs 40>: Feet.( The second patient (F 1g 2, Table 3) WwW 





12-year-old white boy admitted June 
1968, who incurred a 78% flame burn wi 
third-degree defect involving 67.5% of 
body. His total surface area was 1.4 sı 
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(2,174 sq inces) with a 0.95 sq m (1,467 sq 
inch) defect. Tris patient’s course encom- 
passed the period of transition from 0.5% 
silver nitrete seaks to topical antimicrobial 
creams, ard ai. donor sites were variously 
treated wtk ).5% silver nitrate soaks, 
mafinide areta.e, nitrofurazone gauze, and 
silver sulfad-acine. After his initial hospi- 
talization, he wnderwent six major recon- 
structive precedures that entailed release 
of contracmre and skin grafting. 

This patient was able to make a mean- 
ingful companison between the various 
types of dressmgs employed on his donor 


Basi & Pruitt, JR, MD, Fort Sam 
Heuston, “ex: I woulc like to compliment 
Dr. Lloyd œ the exzellent results that 
he achieved wth two extensively burned 
patients. _ eau only agree with his cau- 
tions abort “mesh” grafts. I think there 
are very bmited indications for expanded 
grafts at the £/1 ratio, where, :n essence, 
one is puttme en the irterstices and asking 
the patient to grow his own postage stamp. 

I also, however, cannot work up much 
enthusiasm “or postage stamp grafts since 
the interstices are actually scar epithelium, 
which ulcerates very readily with the sligh- 
test of trauma 

More imperzantly, to address the prob- 
lem of skia gr. ft donor sites, I think there 
is not mush o- a problem at all, and any- 
thing other tEan the simplest treatment 
weuld have zo be justified. 

We use a single layer of roller gauze ap- 
plied immed:avely after the grat has been 
harvested When exposed to a heat lamp 
this promet-y dries. This fine-mesh gauze 
separates, if i is kept dry and free from 
infection @vrieh seldom occurs if it is kept 
dry), by 15 days. With this technique, topi- 
cal therapy s umnecessary. 

I wish te ask Dr. Licyd how he controlled 
graft depth, smce that is much more influ- 
ential in the sealing time between these 
various dener sites. 

More thar taat, however, with silver sul- 
fadiazine om $1 doncr sites, he noted a 
healing renge-of 3 to 12 days, while with 
ether medications on seven donor sites, the 
healing rangee from 7 to 24 days. I wonder 
if he coulc tellus whether this difference is 
really statistieally significant. 

Then, perhaps most importantly, I did 
not see amy eontrols. That is, was there 
a saline-teeat-d donor site with which to 
compare thes-. It is hard to understand 
hew any potentially cellulary irritative 
agent, even sřver sulfadiazine, could have 
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sites, and he volunteered that the silver 
sulfadiazine treated donor sites were sig- 
nificantly less painful. 


The silver sulfadiazine used in this investiga- 
tion and a grant to assist in the preparation of 
this manuscript were provided by Marion Labo- 
ratories, Kansas City, Mo. 
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Discussion 


healing properties. 

Dr. LLoYD: I will begin by answering Dr. 
Pruitt’s question regarding controlling the 
depth of the donor site. For major burns 
with small donor areas, we use the Castro- 
viejo deratotome, an instrument originally 
developed by an ophthalmologist, Dr. Cas- 
tro Viejo, in St. Louis, for obtaining cor- 
neal grafts and adapted to skin grafting of 
the burn patient by Dr. Carl Moyer for ob- 
taining grafts from small donor areas 
using local anesthesia. In order to avoid 
prolonged healing of the donor sites, 
grafts should not exceed a thickness of 0.03 
em. The depth of cut obtained with this in- 
strument is regulated by shims of varying 
thicknesses that are inserted into the der- 
matome. It takes a little practice to be- 
come proficient with this instrument and 
obtain uniform reliable grafts, but regard- 
less of the instrument used, care must be 
taken to avoid excessively deep cuts. 

To answer Dr. Pruitt’s second question 
regarding controls, clinical observations 
from past experience served as controls. 
After over 20 years of experience taking 
care of burns and having used the majority 
of methods available for dressing donor 
sites, including roller gauze, nitrofurazone 
gauze, bismuth tribromophenate gauze, 
coarse-mesh nylon gauze impregnated with 
petroleum jelly (Adaptic), fine-mesh rayon 
surgical fabric (Owens), silver nitrate 
soaks, and more recently, silver sulfadia- 
zine and povidone-iodine, the clinical im- 
pression was gained that silver sulfadia- 
zine is the superior donor site dressing in 
terms of comfort, clinical healing time, and 
reharvesting time. It is recalled and docu- 
mented in past records that dry dressings 
on donor sites were painful and that heal- 
ing occasionally took as long as three 
weeks. It is the impression at the Chil- 
dren’s Hospital of Michigan burn unit that 
silver sulfadiazine treated donor sites are 
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healed within six to seven days, the 
patients are comfortable throughout this 
time, and the donor sites are literally 
ignored. 

Dr. Pruitt commented that the healing 
times of the various donor site dressings 
were not significantly different because of 
the overlap. The fact that donor sites, ad- 
jacent to an open burn wound, continued to 
be dressed along with the burn extended 
the time that some of the silver sulfadia- 
zine treated donor sites were dressed, when 
in fact, the donor site itself could be con- 
sidered healed. From the patient’s point of 
view, two or three days less of discomfort 
is significant. Incidentally, silver sulfa- 
diazine treated donor sites surrounded by 
third-degree open burn wounds never be- 
come infected. The primary donor site for 
the 4-year-old girl was a 10 x 25-em (4x 10- 
inch) patch of skin on the left leg and re- 
harvesting was at no time delayed because 
of infection. A factor that concerned ev- 
eryone was the fate of her hair after 
having had five grafts obtained from her 
scalp. I am pleased to report that her hair 
has grown back. 

In lieu of a controlled series, I think the 
testimony of the 12-year-old boy who at 
one time or another had his donor sites 
treated with 12% silver nitrate soaks, nitro- 
furazone gauze, mafenide acetate, roller 
gauze, and silver sulfadiazine supports the 
clinical impression that silver sulfadiazine 
dressings are more comfortable than any 
of the other dressings. He readily attests 
to this impression and, when recently read- 
mitted for release of circumferential con- 
tractures of the trunk (accomplished by 
long relaxing incisions of both sides that 
extended from the axilla to the iliac crest, 
producing defects up to 15.24 em [6 inches] 
wide), he made certain that we had silver 
sulfadiazine on hand for dressing the do- 
nor site. 
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In 16 years of use in the United States, 
FLUOTHANE (halothane) has been ad- 
ministered over 100 million times ina wide 
variety of surgical procedures. 100 million 
...extensive usage and evaluation that 
attests to FLUOTHANE as the most widely 
used inhalant anesthetic. 

Since it was first introduced, over 
4 000 papers worldwide have been pub- 
lished, ranging from review articles to 
in-depth studies. 4,000 papers... 

a bibliographic record of note on the most 
widely used inhalant anesthetic. 

Ina continuing program of informa- 
tional services on anesthesiology, Ayerst 
provides printed and audiovisual aids 
reflecting the opinions and experiences of 
recognized authorities in the field. These 
include the highly regarded series on 
Anesthesia Rounds and Clinical Aspects of 
Anesthesiology, as well as several films of 
educational value—all available through 

® your Ayerst Representative. 


FLUOTHANE (HALOTHANE) 
OVER 100 MILLION 
ADMINISTRATIONS 


è nonflammable, nonexplosive 

@ permits use of high concentrations of 
oxygen 

@ allows free use of cautery for more 
adequate control of bleeding 

è minimal odor facilitates smooth, rapid 
induction, reduces patient distress 

@ early obtundation of pharyngeal and 
laryngeal reflexes facilitates intubation 
@ lessens airway problems 

è permits rapid adjustment of depth of 
anesthesia 

@ emergence is rapid and tranquil with 
quick recovery of protective reflexes 

è minimal nausea and vomiting, shorter 
recovery room stay 











A t See last page of advertisement 
®| for prescribing information. 





brand of halothane 
the most widely used 


inhalant anesthetic 


fror 


for precision, experience, 
quality, and service 


(Complete text of package circular.) 

Description. FLUOTHANE, brand of halo- 
thane, is an inhalation anesthetic. It is 
2-bromo-2-chloro-1, 1, 1-trifluoroethane 
and has the following structural formula: 
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The specific gravity is 1.872-1.877 at 
20° C., and the boiling point (range) is 
49° C.-51° C. at 760 mm. Hg. The vapor 
pressure is 243 mm. Hg at 20° C. The 
blood/ gas coefficient is 2.5 at 37° C., and 
the olive oil/water coefficient is 220 at 
37° C. Vapor concentrations within anes- 
thetic range are nonirritating and have a 
pleasant odor. FLUOTHANE is nonflam- 
mable, and its vapors mixed with oxygen 
in proportions from 0.5 to 50 per cent 
(v/v) are not explosive. 

FLUOTHANE does not decompose in 
contact with warm soda lime. When mois- 
ture is present, the vapor attacks alumi- 
num, brass, and lead, but not copper. 
FLUOTHANE is soluble in rubber, some 
plastics, and similar materials; such ma- 
terials will deteriorate rapidly in contact 
with FLUOTHANE vapor or liquid. Stabil- 
ity of FLUOTHANE is maintained by the 
addition of 0.01 per cent thymol (w/w), 
and storage is in amber colored bottles. 

FLUOTHANE should not be kept indefi- 
nitely in vaporizing bottles not specifically 
designed for its use. It is recommended 
that vaporizers be emptied at the end of 
each operating day. Thymol does not vol- 
atilize along with FLUOTHANE, and there- 
fore accumulates in the vaporizer, and 
may, in time, impart a yellow color to the 
remaining liquid or to wicks in vaporizers. 
The development of such discoloration 
may be used as an indicator that the va- 
porizer should be drained and cleaned, 
and the discolored FLUOTHANE (halo- 
thane) discarded. Accumulation of thy- 
mol may be removed by washing with 
diethyl ether. After cleaning a wick or 
vaporizer, make certain all the diethyl 
ether has been removed before reusing 
the equipment to avoid introducing ether 
into the system. 

Actions. FLUOTHANE is an inhalation 
anesthetic. Induction and recovery are 
rapid and depth of anesthesia can be 


FLUOTHANE 


rapidly altered. FLUOTHANE progres- 
sively depresses respiration. There may 
be tachypnea with reduced tidal volume 
and alveolar ventilation. FLUOTHANE is 
not an irritant to the respiratory tract, 
and no increase in salivary or bronchial 
secretions ordinarily occurs. Pharyngeal 
and laryngeal reflexes are rapidly ob- 
tunded. It causes bronchodilation. Hy- 
poxia, acidosis, or apnea may develop 
during deep anesthesia. 

FLUOTHANE reduces the blood pres- 
sure, and frequently decreases the pulse 
rate. The greater the concentration of the 
drug, the more evident these changes 
become. Atropine may reverse the brady- 
cardia. FLUOTHANE does not cause the 
release of catecholamines from adrener- 
gic stores. FLUOTHANE also causes dila- 
tion of the vessels of the skin and skeletal 
muscles. 

Cardiac arrhythmias may occur during 
FLUOTHANE anesthesia. These include 
nodal rhythm, AV dissociation, ventricular 
extrasystoles and asystole. FLUOTHANE 
sensitizes the myocardial conduction sys- 
tem to the action of epinephrine and 
norepinephrine, and the combination 
may cause serious cardiac arrhythmias. 
FLUOTHANE increases cerebral spinal 
fluid pressure. FLUOTHANE produces 
moderate muscular relaxation. Muscle 
relaxants are used as adjuncts in order to 
maintain lighter levels of anesthesia. 
FLUOTHANE augments the action of non- 
depolarizing relaxants and ganglionic 
blocking agents: FLUOTHANE is a potent 
uterine relaxant. 

Indications. FLUOTHANE (halothane) is 
indicated for the induction and mainte- 
nance of general anesthesia. 
Contraindications. FLUOTHANE should 
be avoided when a previous exposure was 
followed by fever and jaundice, or when 
there was an unexplained postoperative 
fever. 

FLUOTHANE is not recommended for 

obstetrical anesthesia except when uter- 
ine relaxation is required. 
Warnings. FLUOTHANE should be used in 
vaporizers that permit a reasonable ap- 
proximation of output, and preferably of 
the calibrated type. The vaporizer should 
be placed out of circuit in closed circuit 
rebreathing systems; otherwise overdos- 
age is difficult to avoid. The patient 
should be closely observed for signs of 
overdosage, i.e., depression of blood pres- 
sure, pulse rate, and ventilation, particu- 
larly during assisted or controlled ventila- 
tion. 

Usage in Pregnancy: Safe use of 
FLUOTHANE has not been established 
with respect to possible adverse effects 
upon fetal development. Therefore, 
FLUOTHANE should not be used in 
women where pregnancy is possible and 
particularly during early pregnancy, un- 
less, in the judgment of the physician, 
the potential benefits outweigh the un- 
known hazards to the fetus. 
Precautions. Cirrhosis or other abnormal- 
ities involving liver dysfunction, including 
a history of viral hepatitis, may be a 
basis for selecting an anesthetic other 
than a halogenated agent. 


The uterine relaxation obtained with 
FLUOTHANE, unless carefully controlled, 
may fail to respond to ergot derivatives 
and oxytocic posterior pituitary extract. 

FLUOTHANE increases cerebrospinal 
fluid pressure. Therefore, in patients with 
markedly raised intracranial pressure, if 
FLUOTHANE is indicated, administration 
should be preceded by measures ordin- 
arily used to reduce cerebrospinal fluid 
pressure. Ventilation should be carefully 
assessed, and it may be necessary to as- 
sist or control ventilation to insure ade- 
quate oxygenation and carbon dioxide 
removal. 

Epinephrine or norepinephrine should 
be employed cautiously, if at all, during 
FLUOTHANE (halothane) anesthesiasince 
their simultaneous use may induce ven- 
tricular tachycardia or fibrillation. 

Nondepolarizing relaxants and gangli- 
onic blocking agents should be adminis- 
tered cautiously, since their actions are 
augmented by FLUOTHANE. 

Adverse Reactions. The following adverse 
reactions have been reported: hepatic 
necrosis, cardiac arrest, hypotension, 
respiratory arrest, cardiac arrhythmias, 
hyperpyrexia, shivering, nausea, and 
emesis. 

Dosage and Administration. FLUOTHANE 
may be administered by the nonrebreath- 
ing technic, partial rebreathing, or closed 
technic. The induction dose varies from 
patient to patient. The maintenance dose 
varies from 0.5 per cent to 1.5 per cent. 
How Supplied. No. 3125—Unit packages 
of 125 cc. and 250 cc. of halothane sta- 
bilized with 0.01% thymol (w/w). 
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°| New York, N.Y. 10017 


FLUOTHANE® (halothane) is available 
in the United States by arrangement with 
Imperial Chemical Industries Ltd. 7317 


A Quarter Century 
With Splenectomy 


Changing Concepts 


Peter J. Fabri, MD; Earl N. Metz, MD; William V. Nick, MD; 


Robert M. Zdlinger, MD, Columbus, Ohio 


Twenty-five years in surgery of the spleen 
is summarized in 1,944 patients who have 
been operated on for hypersplenism (48%), 
other’splenic disease (9%), Hodgkin staging 
(4%), trauma (10%), and the increasing 
number with splenectomy incidental (29%) 
to gastrointestinal disease, hepatic disease, 
or transplantation. This experience focuses 
on changing trends in hematological indica- 
tions including Hodgkin staging, leukemic 
reticuloencotheliosis, and myelofibrosis; 
current concepts in patient selection based 
en splenic sequestration; adjuncts to oper- 
ative-management, and the continuing chal- 
lenge to prevent surgical complications and 
lower mortality. 


uring the past quarter century, 
the mdications for surgery of 
the spleen have urdergone dramatic 
changes. Splenectomy has become a 
cemmon aperative procedure in the 
treatment of localized and systemic 
hematolegical disease, and is also an 
important adjunct to other intra-ab- 
dominal surgery. Despite the best 
hematolegical evaluation and the 
widespread use of therapy with 
steroids, patients undergoing sple- 
neetomy for hypersplenism continue 
to have an overall mortality of 7.4% 
and ofter presenz an urgent chal- 
lenge to the surgeon. The outlook is 
even more distressing with wide- 
spread involvement of the reticu- 
loendothe‘ial system. 
An active 25-year interest with 
splenectomy is summarized in 1,944 
patients at the Ohio State University 
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Hospitals who have been operated on 
for hypersplenism (48%), other splenic 
disease (9%), Hodgkin staging (4%), 
trauma (10%), and the increasing 
number (29%) with splenectomy inci- 
dental to gastrointestinal disease, he- 
patic disease, or transplantation. This 
experience focuses on changing trends 
in hematological indications, current 
concepts in patient selection, adjuncts 
to operative management, and the 
continuing challenge to prevent sur- 
gical complications and lower mortal- 
ity. 


Clinical Data 


Between January 1949 and July 1973, a 
total of 1,944 patients were admitted to 


University Hospital and had splenectomies 
done, covering a consecutive period of 25 
years (Fig 1). Those patients presenting 
with primary hypersplenism numbered 
521; including those with thrombocytopenic 
purpura, 321; those with hereditary sphe- 
rocytosis, 135; those with splenic pan- 
cytopenia, 34; those with splenic neutro- 
penia, 30; and one patient with Fanconi 
syndrome. 

Hypersplenic cytopenias secondary to 
generalized disease with compensatory 
bone marrow hyperplasia were present in 
406 patients. Those with Hodgkin disease 
and lymphoma numbered 97; those with por- 
tal hypertension or Banti syndrome, 85; 
those with leukemia, 68; those with mye- 
lofibrosis, 43; those with Felty syndrome, 
34; and those with secondary hemolytic 
anemia, Boeck sarcoid, Gaucher disease, or 


Fig 1.—Survey of 1,944 patients with splenectomy in a 25-year period indicates surgery 


for hypersplenism is declining. 
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other miscellaneous disease involving the 
spleen, 79. 

In past years, surgery of the spleen was 
largely concerned with the various clinical 
syndromes due to overactivity of the 
spleen and trauma. Removal of the spleen 
to facilitate gastrointestinal surgery, for 
adequate removal of gastric lymphatics, or 
to remove the body and tail of the pan- 
creas, as well as splenectomy in the man- 
agement of portal hypertension and renal 
transplantation, has become the most com- 
mon type of splenic surgery. The spleen 
was removed as an adjunct to other intra- 
abdominal procedures in 564 patients. 

Injury to the spleen with blunt and open 
abdominal trauma is often obscure and 
masked by more obvious multiple injuries. 
Splenic rupture is the most common in- 
traperitoneal lesion after abdominal 
trauma. In this series, splenic rupture oc- 
curred in 192 patients. Twenty percent had 
“delayed” splenic rupture. Nearly two 
thirds (64%) of these patients were injured 
in automobile accidents. 

Since 1969, a total of 77 staging proce- 
dures were performed for Hodgkin dis- 
ease. Additionally, 182 patients had sple- 
nectomy for nonhypersplenic lesions and 
fever of unknown origin (Fig 2). 

Preoperative Assessment.—The deci- 
sion to undertake therapeutic sple- 
nectomy is currently supported by 
more objective hematological eval- 
uation, particularly of splenic se- 
questration. There are certain gener- 
alizations that can be made regarding 
the hypersplenic cytopenic state. The 
integrity of the bone marrow must be 
determined and assured with evi- 
dence of a greater than normal com- 
pensatory response of qualitatively 
normal cells. It is also essential that 
there be a deficiency of these same 
cells in the peripheral blood. If there 
is no other generalized disease involv- 
ing the spleen directly, the cytopenic 
syndrome is primary. When the 
spleen becomes involved in any gen- 
eralized disease, and a cytopenic state 
develops, the cytopenia is considered 
to be secondary to the basic disease. 
The surgeon does not play a major 
role in the preoperative diagnosis of 
hypersplenism, but he must be cer- 
tain that the preoperative diagnosis 
has been confirmed by competent 
hematological evaluation. 

The experience of surgeons with a 
very high, immediate cytologic re- 
sponse postoperatively in hyper- 
splenic syndromes emphasizes the 
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1,944 Cases 
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Fig 2.—Hypersplenism accounted for 48% of splenectomies in this series: incidental sple- 
nectomy, 29%; trauma, 10%; and Hodgkin staging, 4%. 


Hypersplenic Mechanisms: Sequestration 


Trapping 





ITP Spherocytosis 


Destruction 





Stasis 





Secondary Cytopenias 


Fig 3.—Splenic sequestration occurs by trapping formed elements with fixed antibodies, 
active destruction, or stasis in enlarged sinusoids. Size of spleen is not important to any 


role in causing cytopenia. 


spleen as a unique organ of cell se- 
questration, particularly for altered 
or damaged cellular elements. This is 
exemplified in thrombocytopenic pur- 
pura, in which more than four fifths 
of the patients showed an almost im- 
mediate cessation of bleeding and pe- 
ripheral platelet count rise of 50,000 
or above within the first 24 hours af- 


ter splenectomy.’ 

Splenic sequestration occurs 
through several mechanisms; trap- 
ping, in which the spleen filters 
formed elements with fixed anti- 
bodies, as in idiopathic thrombocy- 
topenic purpura and autoimmune he- 
molytic anemia; destruction, in which 
structurally abnormal cells are ac- 
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Fig 4.—Mor2 patients are being safely pretreated with steroids, eliminating former needs 
fer emergenc splenectomy and presenting a safer patient. 


tively destsoyed, as in hereditary 
spherocytoss, and cccasionally ellip- 
tecytosis; or by stasis, in the enlarged 
sinusoids amd parenchymal spaces of 
an abnorma spleen, as in the second- 
ary cytopema= (Fig 3). The absolute 
size of the spleen itself is nct impor- 
tant to the ~ole it may be playing in 
causing an> given peripheral cyto- 
penia. Clinz=ally, tte immediacy of 
the cellular respons2 in the patient 
with hyperspienism makes for early 
cenvalescen<e, so that the dangers in- 
herent in tiie type of surgery are 
lessened for beth the young and the 
aged patiens. 

Current f2rrokinezic techriques to 
measure maerrew iron uptake and re- 
lease, and -he use of chromium-la- 
belled cells te measure cell surviv- 
al and spn secuestration have 
greatly enhaneed the documentation 
of hypersienism.* Cytochemical 
studies have also aided precperative 
assessment. Sach objective hemato- 
logical studes have resulted in im- 
proved aceuracy in clinical diagnosis, 
which curreatly is 96%. 

Caution must be exercised in the 
differential diaznosis since bone mar- 
rew replacement, toxic drugs, and 
frequently ©en industrial toxins may 
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produce a peripheral blood pattern 
similar to that of hypersplenism. 

More patients are being safely pre- 
treated with steroids, making the 
therapeutic emergency rare (Fig 4). 
This series began with the advent of 
the use of corticosteroids in the treat- 
ment of hypersplenism. Our experi- 
ence indicates that patients who re- 
spond to therapeutic levels of steroids 
can be expected to have a favorable 
result with splenectomy. From a sur- 
gical standpoint, it is of utmost im- 
portance to continue treatment with 
steroids during the operation and in 
the early period postoperatively if 
such therapy has been given prior to 
the operation. Failure to do so may 
precipitate acute adrenal insuff- 
ciency in the early period postopera- 
tively. 

A satisfactory outcome can be an- 
ticipated if a few further details of 
preoperative care are followed by 
painstaking technique in splenec- 
tomy. Occasionally, there is still a pa- 
tient with thrombocytopenic purpura 
with hemorrhage into the central ner- 
vous system who is alarming to the 
surgeon with limited experience in 
hypersplenism. These patients may 
have a surprising deficit in whole 


blood volume, requiring two or more 
transfusions prior to operation. The 
anesthesiologist must be careful in all 
instrumentation to avoid initiating 
hemorrhage. Whenever possible, this 
type of patient is anesthetized with- 
out endotracheal and nasogastric in- 
tubation. Conversely, the indiscrimi- 
nate use of whole blood transfusions 
preoperatively in patients with he- 
molytic anemia may induce a hemo- 
lytic crisis. Prior to the widespread 
use of steroids, one in five patients 
had a crisis precipitated by preopera- 
tive transfusions. Despite a low red 
blood cell count, there is a compensa- 
tory increase in plasma volume in 
these patients; therefore, intraopera- 
tive hypotension has not been a prob- 
lem. Whole blood may be given safely 
as soon as the ligation of the splenic 
artery has been accomplished. 

The use of antibiotic therapy to 
control the frequent, recurrent infec- 
tions seen in patients with splenic 
neutropenia is of great importance. 
Splenectomy is usually safer when 
performed while the neutrophil and 
total leukocyte counts are at one of 
their higher peaks. At that time, in- 
fections are less likely to occur post- 
operatively. However, splenectomy 
should not be delayed in those pa- 
tients in whom severe neutropenia 
exists. 

While steroid therapy and careful 
preoperative assessment have elimi- 
nated many of the former needs for 
emergency splenectomy, presenting 
the surgeon with a safer patient, he is 
frequently called upon to operate on 
medically refractory hematologic pa- 
tients who are frequently poor surgi- 
cal risks. 

Trends in Indications for Splenec- 
tomy.—Current evidence supports the 
following indications for splenec- 
tomy: congenital hemolytic anemia, 
primary splenic neutropenia and pan- 
cytopenia, Felty syndrome, and 
steroid-refractory idiopathic throm- 
bocytopenic purpura. The cases of pa- 
tients with secondary hypersplenism 
must be individually evaluated as to 
bone marrow activity and the de- 
structive and proliferate balance of 
the spleen. In certain cases of chronic 
lymphocytic leukemia and lymphoma, 
splenectomy has been performed for 
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symptomatic relief from massive 
splenomegaly. Newer indications for 
splenectomy include Hodgkin and 
lymphoma staging, selected cases of 
myelofibrosis, leukemic reticuloendo- 
theliosis, and occasionally throm- 
botic thombocytopenic purpura. 

Since its introduction in 1969, a to- 
tal of 77 staging procedures for 
Hodgkin disease have been per- 
formed. After careful nonoperative 
assessment, employing thorough he- 
matological evaluation, liver-func- 
tion tests and scanning, together 
with lymphangiography, 38 patients 
(49%) had altered staging following 
laparotomy. In 12%, there was an im- 
proved stage postoperatively, where- 
as in 38% it was altered to a more ad- 
vanced stage. The value of staging 
was particularly evident in stage I to 
IIB disease in which 70% of sympto- 
matic patients with clinically local- 
ized disease were found to require 
further radiation or chemotherapy. 
When preoperative staging (III to 
IVA) indicated infradiaphragmatic 
disease in asymptomatic patients, 
nearly two thirds were found to be 
free of disease below the diaphragm, 
requiring only mantle irradiation 
(Fig 5). 

In selected cases of myelofibrosis, 
splenic sequestration can be identi- 
fied. In addition to the removal of 
a cumbersome, massive spleen, im- 
provement in peripheral blood cell 
counts and a decrease in transfusion 
requirements can be expected with 
splenectomy. 

Leukemic reticuloendotheliosis, 
characterized by an autonomous pro- 
liferation of reticuloendothelial cells, 
may have a hypersplenic component. 
Antineoplastic therapy is rarely of 
value, yet splenectomy is beneficial in 
cases with massive splenomegaly and 
hypersplenism, prolonging survival in 
some cases beyond ten years.* 

Thrombotic thrombocytopenic pur- 
pura, characterized by hemolytic 
anemia, thrombocytopenia, and symp- 
toms referable to generalized occlu- 
sions of terminal arterioles and capil- 
laries, has had a hopeless prognosis 
until recently. Reports of success em- 
ploying anticoagulants, high dosages 
of steroids, and splenectomy have ap- 
peared in the literature.+* Since this 
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Fig 5.—Altered Hodgkin staging followed laparotomy in 49%. The value of staging was 


particularly evident in | to IIB and III to IVA. 


disease is usually of rapid onset and 
runs a fulminating course, splenec- 
tomy has been successful only where 
it has been performed quickly. We 
have attempted this regimen in five 
patients, but the results have been 
uniformly disappointing, and in our 
experience, the disease continues to 
carry a fatal prognosis. 

In our recent experience in the 
1970s, surgery for hypersplenism is 
declining (26%), while incidental sple- 
nectomy has emerged as the most 
common type of splenic surgery 
(36%). This increase has largely been 
the result of the frequency of radical 
extirpations of the stomach, pan- 
creas, or colon, renal transplantation, 
hepatic disease, and splenectomy for 
Hodgkin staging. In addition, there 
were many patients in this group in 
whom the capsule of the spleen was 
torn at the time of an operation in 
the upper part of the abdomen, and it 
was believed to be safer to remove 
the spleen than to attempt repair of 
the capsule. Cancer required this inci- 
dental splenectomy in 257 patients. 
In 309, the spleen was removed as an 
adjunct to surgical procedures for be- 
nign lesions. 


Surgical Principles for Splenec- 


tomy.—The technical aspects of sple- 
nectomy are not particularly chal- 
lenging if the surgeon is familiar 
with the various anatomic relation- 
ships of the spleen. The ligation of 
the splenic artery as one of the initial 
steps in splenectomy offers many ad- 
vantages. Whole blood transfusions 
may be started in patients with low 
blood levels, especially those with he- 
molytic anemia. The hematologic pic- 
ture almost immediately begins to 
improve and oozing due to low plate- 
let levels usually stops. There is prob- 
ably less blood loss with subsequent 
steps of the operation as a result of 
decreased pressure within the spleen 
itself. Splenic contraction ensues and 
provides an efficient method of pro- 
viding an autotransfusion to the pa- 
tient. Finally, ligation of the splenic 
artery results in firm contraction of 
the spleen with better definition of 
the various splenic ligaments, thus 
lessening the chance of rupture of the 
splenic capsule during its removal. 
Although rapid mobilization and 
mass ligation of the splenic pedicle 
may be advisable in the presence of a 
ruptured spleen, the routine use of a 
painstaking technique with individ- 
ual ligation of vessels will pay rich 
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Fig 6.—Consparison of low morbidity and mortality in gastrointestinal surgery for benign 
and malignant disease, with rote cf incidental splenectomy in increasing surgical hazards. 


dividends, regardless of the indica- 
tions for sprenectomy. This is impor- 
tant for a mumber of reasons: (1) to 
keep blood oss to a minimum; (2) to 
assure a clean field free of hema- 
tomas, in order that accessory spleens 
may be mor® easily identified; and (3) 
to avoid posle injury to the tail of 
the pancreas cr the greater curvature 
of the stomach, where it is intimately 
attached to ~he upper pole of the 
spleen. Folowing ligation of the 
splenic artery, the small vessels be- 
tween the stomach and spleen are li- 
gated carefaly witk transfixing su- 
tures on the #astric side to prevent 
slipping of the ligature should the 
stomach become distended postopera- 
tively. 

Following nemoval of the spleen, 
with.a minimum of blood loss, a care- 
ful search is made for one er more ac- 
cessory spleens, which are found in 
approximately 15% of all cases of hy- 
persplenism. Ë is importanz to re- 
move these n the presence of hyper- 
splenism or the syndrome may recur 
from severa. weeks to several years 
later. The surgeon’s care in searching 
for accessory spleens is evident from 
a comparison between the incidence 
of accessory soleens found in Hodg- 
kin staging 22%), and incidental 
splenectomy and trauma (7%). 

It has been routine befere closure 


Arch Surg/Yo D3, April 1974 


to remove specimens from the liver, 
retroperitoneal lymph nodes, and 
mesenteric lymph nodes for biopsy, 
and search for gallstones in hemolytic 
anemias. In several instances the ret- 
roperitoneal lymph nodes have been 
the only basis for a change of diag- 
nosis from primary hypersplenism to 
secondary hypersplenism. Following 
the removal of biopsy specimens from 
the liver and lymph nodes, the splenic 
bed is inspected again to be sure he- 
mostasis is adequate and the wound 
is closed in layers without drainage.*® 

Surgical Results of Splenectomy.— 
The surgical mortality and postopera- 
tive complication rate for the 1,944 
patients in this series is depicted in 
the Table. The low mortality associ- 
ated with splenectomy for primary 
hypersplenism (2.5%) and Hodgkin 
staging (0) evidences the technical 
proficiency of the experienced sur- 
geon in averting operative injury to 
the pancreas, or bleeding and infec- 
tion at the operative site. 

Patients with secondary hyper- 
splenism present a much more serious 
problem. Most of them are older per- 
sons whose secondary hypersplenism 
is associated with leukemia, lym- 
phoma, portal hypertension, and 
other generalized diseases. These pa- 
tients are often poor risks because of 
associated cardiorespiratory abnor- 


malities, and are prone to develop in- 
fections. Furthermore, the risk of 
complications is twice (23%) that of 
patients with primary hypersplenism 
(11%). This difference is largely at- 
tributable to more pulmonary compli- 
cations (18%) and intra-abdominal ab- 
scesses (16%) than in patients with 
primary hypersplenism, in whom pul- 
monary complications were 8% and 
subphrenic abscesses, 5%. 

The experienced surgeon recog- 
nizes specific hazards that might be 
expected if painstaking teehnique is 
not followed in splenectomy. The 
overall incidence of localized compli- 
cations postoperatively referable to 
removal of the spleen in this series is 
subphrenic abscess, 4.2%, pancreatic 
injury, 2.3%, and hemorrhage, 1.4%. 

Major thromboembolic complica- 
tions occurred in 5.6% of patients 
with primary hypersplenism; how- 
ever, the overall incidence of throm- 
boembolism in the entire series was 
1.4%. Thrombocytosis, with platelet 
counts in excess of 400,000 ca mm and 
demonstrable increases in platelet 
aggregation and adhesiveness, is 
directly related to this disparity in 
the incidence of thromboembolism. 
The surgeon should especially antici- 
pate thrombocytosis in patients with 
myelofibrosis and postsplenectomy 
anemia.*® There is evidence that 
venous thrombosis can be modified by 
therapy with heparin sodium which 
prolongs platelet survival,” as well as 
dextran 40 (Rheomacrodex).'! Cur- 
rently, a combination of dipyridamole 
(100 mg) and aspirin (1.2 gm) is being 
given once a day to modify platelet 
adhesion, when high platelet counts 
and abnormal platelet function ap- 
pear in the postoperative period. This 
regimen is effective in correcting 
platelet survival toward normal, and 
appears to inhibit platelet thrombus 
formation in the arterial system.’ 

The mortality from isolated splenic 
rupture in abdominal trauma is 5%. A 
threefold increase in mortality oc- 
curred in patients with multiple ab- 
dominal and retroperitoneal organ in- 
juries. With splenic rupture and 
extra-abdominal trauma, there is a 
fivefold increase in mortality (26%). 
While injury to the spleen is not the 
sole prognostic factor in patients 
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with multiple injuries, prompt control 
of hemorrhage from splenic rupture 
can lower the overall mortality of 18% 
and improve morbidity in these pa- 
tients. 

The mortality and complication 
rate in major surgery of the stomach, 
pancreas, and colon has been signifi- 
cantly increased by the addition of 
splenectomy. The overall mortality in 
patients with incidental splenectomy 
over the twenty-five year period is 
14%, and 44% showed some form of 
complication postoperatively. These 
results encouraged us to examine a 
comparable series of 136 patients 
with surgery of the stomach, pan- 
creas, and colon without splenectomy 
during the past two years. In this 
group, surgical mortality was 5%, and 
32% had complications postopera- 
tively. In comparison, patients who 
had gastrointestinal surgery with 
splenectomy had a mortality of 28% 
and considerably more complications 
(Fig 6). The higher incidence of 
subphrenic abscess (8.8%) and hemor- 
rhage (2.2%) in the left upper quad- 
rant than in surgery for hyper- 
splenism, indicates that the addition 
of splenectomy to major surgical pro- 
cedures plays a role in increased 
morbidity and mortality beyond the 
anticipated risk for benign or malig- 
nant disease. 


Comment 


The surgeon has had a substantial 
influence in the outcome of hyper- 
splenic cytopenic syndromes, partic- 
ularly in idiopathic thrombocytopenic 
purpura and hereditary spherocytosis, 
in which the response rate has been 
90%. In the hypersplenic cytopenic 
syndromes as a whole, splenectomy 
has given remissions in two thirds, 
but with some symptoms and signs of 
the original cytopenic state for which 
the spleen was removed. 

A precise differential diagnosis will 
bring predictable successful clinical 
results with therapeutic measures 
now available in the majority of pa- 
tients with any of these syndromes. 
Better patient selection through tech- 
niques to document splenic sequestra- 
tion have enhanced the accuracy of 
clinical diagnosis and provided new 
indications for splenectomy. 
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Indication N 


All splenectomies 1,944 





The increasing use of therapy with 
corticosteroids has produced a declin- 
ing volume of surgery for hyper- 
splenism, and eliminated many of the 
former needs for emergency splenec- 
tomy. This has presented the surgeon 
with a safer patient, as have other 
improved adjuncts to managing the 
patient after splenectomy. 

The emergence of incidental sple- 
nectomy as the most common type of 
splenic surgery has provided a contin- 
uing challenge for managing the ex- 
pected and controllable hazards of re- 
moving the spleen incidental to such 
procedures. Surgical morbidity and 
mortality will be enhanced by ad- 
herence to the surgical principles 
evolved in therapeutic splenectomy. 


Nonproprietary Name and 
Trademark of Drug 


Dipyridamole—Persantine. 
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Discussion 


JOHN E. JESSEPH, MD, Indianapolis: It is 
a pleasure to be able to discuss this paper 
for two reasons. Dr. Fabri nicely summa- 
rized the essentials of what is still the larg- 
est series in the literature for splenectomy 
and probably will remain unchallenged for 
a long time. 

Second, the six years that I spent at 
Ohio State in Dr. Zollinger’s department 
gave me the opportunity to see and learn 
many things about this interesting pro- 
cess, which for surgeons has for a long 
time been only a technical matter. 

For many years, any time the spleen 
needed to be removed, except for obvious 
trauma, was because the hematologist said 
that it was necessary. Those of you that 
have been interested in the history of he- 
matology in this country will remember 
that Ohio State has become preeminent be- 
cause of the influence of Dr. Doan, who, in 
addition to being its head hematologist, 
was dean of the school for some years, and 
he and Dr. Damshek of Boston had a run- 
ning feud in the literature for a long time 
about whether or not primary hyper- 
splenism, particularly idiopathic throm- 
bocytopenic purpura (ITP) was a free- 
standing splenic disease, or whether it was 
some ongoing secondary or tertiary part of 
a more slowly developing process. 

I think that the history has shown us 
that while we still do not understand pri- 
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mary hypersolenism in its detail, know 
nothing about tne existence or absence, for 
example, of a splenotropic hormone for 
platelets or anything o2 the sort. it seems 
clear that after to 3C years now, ITP as 
a splenic disease seems to be clearly estab- 
lished, and it s not necessary to think of it 
as part of something burgeoning for the 
future such as lupus erythematosus or 
some other ccilagen disease. 

Be that as t may, the Ohio State group 
has establishec a sizable experience, of 
course, and I thnk that from this we ought 
to remember wo or three important tech- 
nical lessons that Dr. Fabri has alluded to 
but not amplified in detail. 

Two of these hings are of interest to me 
because they were not caught to me early 
in my own experience with Dr. Harkins in 
Seattle. 

Dr. Harkins caught us that after sple- 
nectomy, two or three ~hings ought to be 
dene. One ough: to drain the splenic bed, 
the splenic fossa, partieularly after trau- 
matic events beeause of asseciated ten- 
dencies for difficulty of hemostatis, and so 
om. 

Furthermore, it was common for him in 
these days to mociee some injury of the tail 
of the pancreas. and often pancreatic fis- 
tula occurred. Fancreatic leaks would in- 
tervene to provide greater oppertunity for 
abscess and so om. But drainage has be- 
come, I think, a matter of election nowa- 
days, and we oaght to th nk not in terms of 
never draining or always draining, but to 
be selective in that. 

Ligation of “he splenie artery as it runs 
along the upper ecge of she pancreas is an 
important matter and should be done, I 
think, at every apporturity, ewen in most 
instances of traumatic solenic injury. 
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While the mortality in the Ohio State 
series runs between 6% to 7%, it varies 
greatly, and it should be emphasized that 
those patients with secondary hyper- 
splenism, illnesses such as leukemia, and so 
on have a much greater liability to death, 
and, therefore, we can expect mortality to 
stay in this range. 

JOHN H. KENNEDY, MD, Houston: I have 
enjoyed the paper by Dr. Fabri, and co- 
workers on an enlarging concept of the 
role of splenectomy. 

Of the many traditional indications for 
removal of the spleen, none has become 
more widely accepted than following lacer- 
ation of the spleen—10%, I believe, or more 
of the essayist’s experience. 

There is, however, growing evidence 
that the spleen may be of immunologic im- 
portance, particularly in children. 

Drs. Baker and Denniston and I have 
completed an experimental study of the 
anticoagulant effectiveness of topically ad- 
ministered microcrystalline collagen he- 
mostat, a new powdered collagen hemisalt 
from bovine hides that adheres to wet sur- 
faces. 

Of six patients with a variety of clinical 
situations, having in common hemorrhage 
not controllable by conventional means, 
the indication in two was laceration of the 
spleen due to penetrating trauma. 

In both, bleeding from the spleen was 
controlled. The spleen was not removed, 
and in both patients and in the others, 
there was no complication from the use of 
this still experimental, but hopefully in the 
future, readily available topically used he- 
mostatic agent. 

Dr. Nick: I would like to thank Dr. Ken- 
nedy for adding collagen and hemostatics 
to a long list including gold leaf, plastic 


monomers, and other techniques to avoid 
total removal of the spleen in cases in 
which the splenic capsule is torn. 

We find one of the most common reasons 
for incidental splenectomy, besides the 
planned stages of the procedure, is that 
surgeons do tear the splenic capsule un- 
avoidably in larger intra-abdominal proce- 
dures. 

I want to thank Dr. Jesseph and empha- 
size that this is the second 25-year survey 
from Ohio State that began almost 50 
years ago when Dr. Doan came from New 
York. 

Our substantial contributions, because 
of this mean, have been in the field of 
splenic neutropenia and in splenic pan- 
cytopenia. 

We have learned some surgical prin- 
ciples that have been very helpful to us. In 
our early series, in ITP, oozing was a very 
large problem, so ligation of the splenic ar- 
tery became extremely important because 
the oozing stops and the platelet count be- 
gins to rise dramatically very shortly after 
ligation of the splenic artery. 

Second, in hemolytic anemia, preopera- 
tive transfusions may produce a hemolytic 
crisis. We find when we ligate the splenic 
artery early, we can then give an auto- 
transfusion by the contraction of the 
spleen and we can begin to administer 
whole blood without fear of precipitating a 
hemolytic crisis. 

This, together with the transfixing su- 
tures of the short gastric arteries along the 
greater curvature of the spleen, have been 
the two surgical principles that have con- 
tributed to our very low morbidity and 
mortality in primary hypersplenism. 
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Postoperative Renal Failure 


in the 1970s 


A Continuing Challenge 


Jefferson F. Ray III, MD; Robert H. Winemiller, MD; 


John P. Parker, MD; William O. Myers, MD; 
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From Jan 1, 1970, through June 30, 
1973, 18 surgical patients developed acute 
postoperative renal failure (APORF). Nine 
had undergone cardiac surgery; four, ab- 
dominal aneurysm resection; four, emer- 
gency gastrointestinal tract surgery; and one 
excision of an adrenal cyst. Eleven died and 
seven lived. Two patients did not need 
hemodialysis and both lived. Sixteen un- 
derwent hemodialysis with five survivors. 
Operative and postoperative diuretics were 
administered to 14. In eight of the 11 deaths 
APORF was judged a major factor leading to 
death. Specific forms of improved patient 
management may have reduced morbidity 
and possibly mortality in 14 patients. The 
benefits of diuretics, used operatively and 
postoperatively to assure prevention of 
APORF, seems unclear. The mortality of 
61% is compelling argument for seeking 
alternate and improved methods for pre- 
serving renal function during and after 
surgery. 


E sean advances and substantial 
progress recorded on almost ev- 
ery front of medical care in the 1950s 
and 1960s, the mortality in acute 
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postoperative renal failure (APORF) 
in the 1970s remains a discouraging 
61% at our hospital. It is no consola- 
tion to nephrologist or surgeon that 
the death rate of medical patients de- 
veloping renal failure is lower.’ 

In the 1960s it was hoped that 
APORF could be eliminated because 
of three new concepts: improved oper- 
ative fluid management, hourly uri- 
nary output monitoring, and diuret- 
ics, used both prophylactically and 
therapeutically to assure adequate 
urine flow. With the advent of manni- 
tol then ethacrynic acid,’ and then 
furosemide (Lasix),*° some predicted 
that APORF would become an entity 
of surgical history. Unfortunately 
such has not been the case. Acute 
postoperative renal failure still occurs 
with distressing frequency and mor- 
tality remains depressingly high.*” 

Some 20 years ago, Swann and 
Merrill treated 100 patients suffering 
from renal failure with hemodialysis. 
Their mortality was 50%.'° We are 
chagrined to report an even higher 
mortality. Kennedy and co-authors 
have likewise recently reported no 
fall in mortality." 

The continuing challenge for the 
1970s will be to preserve renal func- 
tion during and after surgery. Di- 
uretics, while undoubtedly helpful in 
reducing the incidence of APORF, 
have not eliminated this complica- 
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tiom.'*'* In the future, prophylactic 
use of specific antirenin chemical an- 
tagenists in high-risk patients may 
yet reducetihe incidence of AFORF.'*-*” 

This study examined a consecutive 
group of patients developmg APORF 
after gereral anesthesia to (1) de- 
termine types of surgery leading 
to APORF, (2) evaluate the effec- 
tiveness of diuretic treatment, (3) as- 
sess optimal treatment of APORF, 
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Fig 1.—Clinical course of patient 1. 


and (4) consider if changes in patient 
management could have reduced mor- 
bidity or mortality. Brief illustrative 
and pertinent histories of three sur- 
vivors from 1973 are presented. 


Materials and Methods 


Acute postoperative renal failure is de- 
fined as coexistive of one or more of the 
following: (1) urinary output, or projected 
urinary output, of less than 400 ml/day 
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(oliguric renal failure), (2) rising blood 
urea nitrogen (BUN) and creatinine values 
in face of satisfactory (over 600 ml/day) 
urinary output (nonoliguric renal failure) 
or unsatisfactory urinary output (less than 
600 ml/day). Definition and gradation of 
APORF are perforce arbitrary. As ob- 
served by Hager et al, the spectrum of 
APORF is broad.” In all cases the nephrol- 
ogist believed the patient to have APORF. 

From Jan 1, 1970, to June 30, 1973, a to- 
tal of 18 patients developed APORF and 
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constitute the subject of this study. 
Results 


Fourteen men and four women de- 
veloped APORF. The oldest was 76 
and the youngest 46. Average age 
was 62 years. One patient was in the 
fifth decade, five in the sixth, eight in 
the seventh, and four in the eighth. 

The categories of operations that 
the patients underwent is as follows: 
(1) cardiac, nine (myocardial revas- 
cularization, two; revascularization 
and aneurysm, two; valve replacement, 
three; valve replacement and revascu- 
larization, two), (2) abdominal aneu- 
rysms, four (ruptured aneurysm, 
three; elective aneurysm, one), (3) 
gastrointestinal tract, four (diver- 
ticular perforation, two; blown duode- 
nal stump, one; perforated ulcer, one), 
and (4) miscellaneous (resection of 
adrenal cyst, one). All patients devel- 
oping APORF had received a general 
anesthetic. 

Seven of the 18 patients survived 
(61% mortality). Mortality as related 
to type of surgery was as follows: 78% 
(seven of nine) of cardiac patients; 
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20 
Days 


Fig 2.—Clinical course of patient 2. 


25% (one of four) of aneurysm pa- 
tients; 50% (two of four) of emer- 
gency gastrointestinal tract surgery 
patients; and the adrenal cyst exci- 
sion patient died. 

Preoperative renal dysfunction was 
present in one of 18 patients as deter- 
mined by BUN and creatinine values. 
This form of screening for preopera- 
tive renal dysfunction has not been 
helpful because over 75% of nephrons 
must be nonfunctional before abnor- 
mal values occur.'*"! 

The priorities of treatment of 
APORF are as follows: (1) Ascertain 
that it is renal failure. Test with 
volume challenge and furosemide. (2) 
Watch for hyperkalemia. (3) Perform 
early, and then daily, hemodialyses. 
(4) Maintain hematocrit reading over 
35% and an optimal blood volume. (5) 
Counter sepsis with appropriate anti- 
biotics in correct dosage. (6) Have pa- 
tient eat, or use hyperalimentation. 

Sixteen of the 18 patients under- 
went hemodialysis with five survi- 
vors. The 16 patients underwent a to- 
tal of 116 hemodialyses (range 1 to 31, 
average 7). 
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Two patients did not need hemodi- 
alysis and both survived. One, with 
postoperative ruptured abdominal 
aortic aneurysm, received a moderate 
dose of diuretics and the other, with 
postoperative aortic valve replace- 
ment and triple vein bypass grafts, 
received a massive dose of diuretics. 
Both underwent critical reoperations, 
the first for a ruptured duodenal ul- 
cer, the second for uncontrollable rec- 
tal bleeding from benign rectal ul- 
cers. 

Fourteen of the 18 patients (78%) 
received intraoperative diuretics.'*" 
Five received 25 to 50 gm mannitol; 
eight received 50 to 100 gm mannitol 
and less than 180 mg furosemide; one 
received 60 mg furosemide. Fourteen 
of the 18 patients (78%) received post- 
operative diuretics.'*'* Total doses 
given the first 24 hours from the on- 
set of surgery in these patients were 
as follows: 11 received “moderate” 
doses (0 to 100 gm mannitol and less 
than 425 mg furosemide; average, 183 
mg furosemide) for a mortality of 
64% (seven of 11) and three received 
“massive” doses of (1) 1,690 mg 
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16 furosemide and 50 gm mannitol, (2) 
2,750 mg furosemide and 50 gm man- 
nitol, and (3) 2,400 mg furosemide 
155 and 50 gm mannitol, respectively, for 
a mortality of 33% (one of three). 
Moderate dose diuretics did not 
prevent need for hemodialysis in ten 
of 11 patients. In one (vide supra), 
administration may have prevented 
need. Massive dose diuretics did not 
prevent need for hemodialysis in two 
135 of three patients; in one, admin- 
' Tube istration may have prevented need 
138 Feeding (Fig 1). One instance where massive 
dose diuretics failed is seen in Fig 2. | 
Gration 5 t5 25 The other occurred in a 63-year-old 4 
2 man who had four-vein and direct in- 
— ternal mammary bypass surgery. He 
did not respond to 2,400 mg of furose- 
Purposeful mide and 50 gm mannitol. Overall, di- 4 
uretics did not prevent need for dialy- y 
sis in 12 of 14 patients (87%), but may ! 
have helped in two (13%). The small 
number of patients in dosage groups 
prevents statistical analysis. The in- 
verse correlation of mortality with di- j 
uretic dosage is interesting but not 
Coeration statistically significant. | 
An analysis of presumed etiologic 
factors leading to APORF provided 
the following percentages: hypoten- 
5 15 25 sion, 88%; vasopressors, 88%; hemoly- y 
sis during cardiopulmonary bypass, 
Purposeful Anticoagulation Begun 44%; intraoperative myocardial in- 
904) Dehydration i farction, 39%; severe hemorrhage, 
oN 39%; prolonged duration of operation, 
85:3 i 39%; sepsis prior to onset of APORF, 
Tracheostomy Nocta, Breen l 28%; no prophylactic diuretics, 22%; 
Ligation Internal Iliac Arteries improper use of chlorpromazine 
(Thorazine) intraoperatively, 11%; 
and preoperative renal dysfunction, 
6%. Retrospective consideration sug- i 
gested that improved approaches to 4 
! 5 15 25 patient management could have re- l 
90- ‘Cperation duced morbidity and possibly mor- ] 
30— tality in 14 patients. Suggested 2 
improvements are (1) sherter cardio- d 
pulmonary bypass (six of nine, 67%); 3 
(2) shorter operation (six of 18, 33%); : 
(3) avoidance of technieal error at 
surgery (four of 18, 22%); (4) alternate 
procedure (four of 18, 22%); (5) 
prophylactic diuretics (four of 18, 
22%); (6) smoother onset hemodialysis 
(two of 18, 11%); (7) proper adminis- l 
i 5 15 25 tration of chlorpromazine to avoid 4 
Speration five hypotension (two of 18, 11%); (8) in- | 
: traoperative urinary output monitor- 
Fig 3.—Continuing hospital course of patient 1. ing (two of 18, 11%); (9) steroid cov- 
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erage (one of 18, 6%); and (10) 
avoidance of premature removal of 
Foley catheter in aneurysm patient 
with stress ulcer (one of 18, 6%). 

In eight of the 11 deaths (64%), 
APORF was judged a major factor 
leading to death. In three patients, 
renal failure was not judged to be an 
important cause of death. One pa- 
tient died because of low cardiac out- 
put, another of the aortic root tear, 
and the remaining patient of contin- 
uing sepsis. 

All patients had problems other 
than renal failure. Morbidity was 
thus 100%. Stress gastrointestinal 
tract bleeding occurred in 11 (61%), 
with two patients having bleeding 
from the rectal area. Sepsis occurred 
in 15 patients (83%). 

There were a total of 56 operations 
(range, one to six) performed in these 
18 patients. They received a total of 
515 units of blood (average 29, range 
7 to 75). Surviving patients remained 
in the hospital an average of 33 days 
(range, 15 to 56). Those patients who 
died did so on postoperative day 6 
(range, 4 to 32). 


Illustrative Case Reports 
of Survivors 


CAsE 1.—The progress of this 63-year-old 
white man who underwent aortic valve re- 
placement and triple vein bypass grafts is 
seen in Fig 1. He did not undergo dialysis 
as his faltering urinary output appeared to 
respond to massive doses of furosemide 
(1,690 mg). Figure 3 & 4 depicts his contin- 
uing hospital course in which hyper- 
natremia complicated a purposeful dehy- 
dration regimen initiated because of 
excessive postoperative weight gain and 
arterial hypoxemia. This hypernatremia 
was partially due to tube feedings. The hy- 
pernatremia responded to cautious rehy- 
dration and cessation of tube feedings. 
Subsequently the patient underwent inter- 
nal iliac artery ligation for rectal ulcer 
bleeding. He is currently doing well and 
has returned to work as a county super- 
visor. 

CaSE 2.—A 62-year-old white man (Fig 
2), who had had six-vein bypass grafts, a 
right coronary endarterectomy, a ventricu- 
lar aneurysmectomy, and two consecutive 
reoperations for mediastinal bleeding, did 
not respond to a massive dose of furose- 
mide (2,750 mg). He was dialyzed 31 times. 
He left the hospital well, except for a per- 
sistent deafness thought to be due to the 
furosemide and ototoxic antibiotics. 
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Fig 4.—Clinical course of patient 3. 


Fig 5.—Current focus of attention in respect to pathogenetic mechanism of APORF. 
Glomerular filtration rate represented by GFR. 
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CASE 3.—A 60-year-old white man under- 
went elective abdominal aortic aneurysm 
resection and concomitant cholecystectomy 
and inguinal hernia repair (Fig 4). This 
relatively benign form of APORF required 
three hemodialyses. There was only 180 ml 
of urinary output during the 210-minute 
operation. He received a total of 180 mg of 
furosemide in the first 24 hours postopera- 
tively. 


Comment 
The Table shows the mortality for 
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patients developing renal failure 
since World War II. There has been 
little progress recorded since the Ko- 
rean Conflict and the dramatic intro- 
duction of hemodialysis at that time. 
Comprehension of pathophysiology 
has increased.'**! In Vietnam, Whel- 
ton and Donadio found the incidence 
of APORF was decreased. But they 
further noted that improved early re- 
suscitation kept alive more critically 
ill patients susceptible to later devel- 
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Fig 6.—Tentetive schema of interlocking steps leading to or away from APORF. 
Glomerular filtration rate represented by GFR and extracellular fluid by ECF. 
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opment o APORF.* 

Unders:anding of the physiology of 
APORF kas progressed recently but 
remains incomplete.**-** The theory in 
favor tocay is related to intrare- 
nal hemodymamics and altered blood 
flows. I: encompasses the sometimes 
perplexmz mterrelationships of (1) 
sodium ceneentration in the ascend- 
ing loop ef Henle near the juxtaglo- 
merular apparatus, (2) renin release, 
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Medical or 
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(3) intrarenal vasoconstriction, and 
(4) diversion of blood flow from cortex 
to medulla (Fig 5). 

Sodium concentration in the as- 
cending loop of Henle adjacent to 
the juxtaglomerular apparatus is the 
prime mediator of renin release. The 
higher the sodium in the ascending 
loop, the more renin is released.” 
(This remains controversial; other 
evidence suggests high sodium con- 


centration lowers renin release.) In 
animal experiments, excess dietary 
sodium protects against development 
of acute renal failure.’ This protec- 
tion is afforded by depletion of renin 
in the juxtaglomerular apparatus; 
that is, when renin is absent acute 
renal failure cannot be preduced. 

Disparate stimuli cause, by in- 
completely understood mechanisms, 
release of renin. Renin, onee released, 
is converted to angiotensin which 
causes constriction of afferent arte- 
rioles leading to partial glomerular 
tuft collapse. Glomerular filtrate is 
lowered and blood supply to proximal 
tubule cells is also lowered. Proximal 
tubular sodium resorption, an energy 
dependent process, may be rendered 
ineffective by ischemic insult. The 
juxtaglomerular apparatus at the as- 
cending loop of Henle is bathed with 
a paradoxically high sodium luminal 
fluid, while the body as a whole is 
starved for sodium. Elevated intra- 
luminal sodium promotes further re- 
nin release and intrarenal arteriolar 
constriction. 

In patients with hemorrhage, loss 
of other fluids, cardiac failure, 
trauma, or septicemia, renal blood 
flow is reduced disproportionately to 
fall in cardiac output. This is medi- 
ated by increased intrarenal vascular 
resistance. Cortical flow is greatly de- 
creased; medullary flow remains in- 
tact. How cortical flow is diverted 
to the medulla is unknown. A recent 
report from Japan demonstrates the 
presence of increasing numbers of 
anatomic arteriovenous shunts in ag- 
ing and diseased kidneys thus per- 
haps vindicating some of the earlier 
concepts of Trueta et al.*! The natural 
resistance of the young to develop- 
ment of APORF is known. 

Thus, a final, although highly ten- 
tative, the schema (Fig 6) of events 
might be (1) insult: hemorrhagic, 
hypovolemic, septic, or cardiogenic 
preshock states leading to diminished 
extracellular fluid volume, (2) dimin- 
ished glomerular filtration rate, (3) 
passage of time leading to ischemic 
insult of proximal tubule cells nor- 
mally resorbing sodium but rendered 
nonfunctional due to amoxia, (4) a 
step-up of sodium concentration in 
the ascending loop of Henle, (5) re- 
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lease of renin and conversion to angi- 
otensin, (6) afferent arteriolar con- 
striction, and (7) diversion of cortical 
blood flow to the medulla and cessa- 
tion of urine flow. 

Specific antirenin chemical antago- 
nists may play a future role in pro- 
tecting high-risk patients from devel- 
oping APORF. The renin substrate 
theory of APORF may likewise lead 
to future clinical applications.” 

Analysis of our results allows the 
following: APORF remains, ideally, 
an entity to be prevented. Mortality 
was 61% and morbidity was 100%. 

In 13 patients (72%), APORF devel- 
oped after heart or abdominal aneu- 
rysm surgery. Among other factors, 
prolonged operation and excessive 
bleeding seemed important etiologic 
factors. In the remaining five pa- 
tients (28%), sepsis secondary to 
abdominal surgery played a major 
causative role. 

Acute postoperative renal failure 
was judged a major factor leading to 
death in eight of 11 nonsurvivors 
(73%). If renal failure had been pre- 
vented, morbidity, including stress 
ulcer bleeding, transfusions required, 
days of hospitalization, and sepsis in 
15 of 18 patients, could likely have 
been decreased. Mortality might also 
have been lowered. 
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Early recognition of APORF is es- 
sential. Diminished urine flow or ele- 
vation of BUN and creatinine values 
in the face of apparently adequate 
urine output—high output renal fail- 
ure*—should alert the clinician to the 
diagnosis. No patient should be la- 
beled APORF without a trial of vol- 
ume expansion and use of diuretics. 

The cornerstone of effective ther- 
apy for APORF patients remains 
early (BUN value under 100 mg/100 
ml), and then daily, hemodialysis. 
Skipping one day of hemodialysis 
may slow recovery (Fig 2). Proper 
conduct of dialysis, a mini-extra- 
corporeal circulatory bypass, is crit- 
ical. The fact that two of our patients 
died while being dialyzed indicates 
the delicate state of homeostasis of 
APORF patients. 

Fourteen of the 18 patients (78%) 
received prophylactic diuretics in- 
traoperatively and additional diu- 
retics postoperatively. Moderate dose 
diuretics did not prevent need for 
dialysis in 10 of 11 patients. One pa- 
tient postoperative ruptured abdomi- 
nal aneurysm had transient APORF 
with BUN value rising to 85 mg/100 
ml and creatinine value to 413 mg/100 
ml and did not require dialysis de- 
spite reoperation for a perforated 
duodenal ulcer. Massive dose diuretics 
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CHARLES E. Lucas, MD, Detroit: Dr. Ray 
has shown verr nicely that all the theoreti- 
cal advantages of better fluid and electro- 
lyte replacement and the use of osmotic 
and loop diuretics have not prevented renal 
failure from occurring in the postoperative 
period; furthermore, the introduction of 
hemodialysis “or the surgical patient is 
still associatec with mortality of greater 
than 60% in tne elective situation and in 
the 70% to 80% range in the trauma pa- 
tient. 

This brings us to the frequent state- 
ment: “When che patient has combined re- 
nal and respiratory failure, restrict fluids 
toprotect the ungs because we can always 
put the patient on hemodialysis.” 

I do not know about your institution, but 
I have heard shis statement made by our 
tramsplant team at least 100 times, and I 
think Dr. Ray has shewn us that it is not 
an accurate statement because these pa- 
tients indeed die with hemodialysis. 

One of the patients Dr. Ray did not show 
in the presentation was a patient who re- 
quired a great deal of sodium and water in 
the early possoperative period, gained a 
considerable emount of weight, had nor- 
mal renal fumction, and then, in an at- 
tempt to protect the lungs, a fluid restric- 
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Discussion 


tion regimen was employed, and this 
patient subsequently became azotemic. 

I received a lecture yesterday at the 
banquet about how inappropriate or appro- 
priate release of antidiuretic hormone 
(ADH) and adrenal cortical hormones were 
causing all this fluid retention, so that 
fluids should be restricted. Was Dr. Ray 
just overloading this patient? 

However, the fact that these patients 
become azotemic when you restrict fluids 
to protect the lungs is strong evidence 
against this being due to so-called appro- 
priate release of ADH. 

I would encourage an aggressive fluid 
replacement, just as Dr. Ray did in the 
prevention of this syndrome. I would em- 
phasize that albumin does not help in pre- 
venting it, and indeed may interfere with 
normal saline diuresis. 

I have reviewed our furosemide data for 
the past 24% years in patients with pan- 
creatitis, minor trauma, major trauma, 
and sepsis. I would emphasize that fu- 
rosemide is nothing more than a tubular 
poison. 

If a patient has a combined hypoper- 
fused state plus inadequate urine output, 
furosemide will be instrumental in main- 
taining urine flow and prevent tubular 
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sloughing, but at the expense øf the effec- 
tive circulating plasma volume. In the pa- 
tient that Dr. Ray showed this was demon- 
strated very nicely. 

Frequent dosages of furosemide early 
on caused an increase in urine volume with 
a fall in central venous pressure until the 
patient became effectively hypovolemic 
and no longer responded to the furosemide. 
Dr. Ray then gave larger doses of furose- 
mide that produced more urine, but he had 
to give large volumes of fluid and blood re- 
placement in order to reestablish effective 
circulation, and then the patient was pre- 
vented from going into renal failure. 

I have one question. In our own experi- 
ence, the patients with oliguric renal fail- 
ure or renal shutdown have a much worse 
prognosis than those patients who have 
nonoliguric renal failure. What has been 
your experience with these two types of re- 
nal failure? 

Dr. Ray: In answer to Dr. Lucas’ ques- 
tion, there were five patients with high 
output renal failure; two died (mortality, 
40%). In the 13 patients with oliguric renal 
failure, nine died (mortality, 69%). We be- 
lieve Dr. Lucas is correct in noting that pa- 
tients with high-output failure fare better 
than those with oliguric renal failure. 
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Kidney Retransplantation 


Bo S. Husberg, MD, Thomas E. Starzl, MD, PhD, Denver 


The survival of 66 patients with retrans- 
planted kidneys, from August 1963 to March 
1973, was evaluated. The life expectancy af- 
ter retransplantation is less than that after 
primary transplantation but the difference is 
mainly due to an increased early postopera- 
tive mortality. The prognosis after retrans- 
plantation is greatly improved if the second 
kidney is from a related donor. The progno- 
sis is likewise improved if a longer period of 
time has elapsed between the two transplan- 
tations. Surprisingly, previous exposure to 
specific HL-A antigens does not worsen the 
prognosis for a subsequent transplanted kid- 
ney. 


M“ dialysis centers have an 
excessive number of uremic pa- 
tients. Since patients who have re- 
jected their transplanted kidneys add 
significantly to the pool of dialysis 
cases, it is an important question 
whether, and at what time, retrans- 
plantation should be carried out. A 
number of publications have implied 
that the results after retransplanta- 
tion are equivalent to those following 
a first procedure.'-° This has not been 
our experience, as documented in this 
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report of patient and kidney survival 
after retransplantation. An analysis 
is also presented of the contribution 
to the outcome of other factors, such 
as HL-A mismatch, time of retrans- 
plantation in relation to time of first 
transplantation, cause of primary 
graft failure, and original kidney dis- 
ease. 


Clinical Population 


At our transplantation unit, 66 patients 
receiving their first renal homografts be- 
tween November 1962 and August 1972 
have later undergone one to four retrans- 
plantations. Follow-up data are available 
from a few months to more than nine 
years after the retransplantations. The im- 
munosuppressive treatment after retrans- 
plantation was frequently different from 
that used intially, since the therapy pro- 
vided was dependent on the management 
currently under evaluation for new cases.‘ 
Also, if the patients had received ALG ear- 
lier, they usually did not receive it after 
retransplantation. About half of the pa- 
tients underwent retransplantation with- 
out removal of the previous graft and 
without a period of dialysis prior to re- 
grafting.’ 


Results 


The total experience of retrans- 
plantation with our 66 patients is 
summarized in Fig 1. More than one 
half (35 of 66) have been followed up 
for more than five years from the 
time of their primary transplanta- 
tion. The life survival, using the time 
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of the first transplantation as the 
starting point, was superior at all 
subsequent levels of follow-up to that 
when the date of retransplantation 
was accepted as the starting basis for 
calculation. The main difference in 
survival was due to a heavier mortal- 
ity in the first three months after re- 
transplantation than during the com- 
parable period after the primary 
grafting. This mortality was not a 
function of whether homograft ne- 
phrectomy and interval dialysis was 
elected versus prompt retransplanta- 
tion, leaving a failing graft in situ 
without discontinuance of immuno- 
suppression. By the end of three 
months, in cases of retransplantation, 
there was a gap of almost 20% and, 
subsequently, the differential re- 
mained about the same (Fig 1). 

The survival after secondary trans- 
plantation was somewhat influenced 
by the kind of kidney that was used 
at the first transplantation (Fig 2). If 
the first kidney was from a related 
donor, the overall five-year survival 
after the first transplant was 15 of 27 
patients (56%), but after the second 
transplantation, the survival after 
five years, calculated from the time 
of retransplantation, was only 21% 
(three of 14 patients). The poor re- 
sults were at least partly attributed 
to a heavy reliance on cadaveric kid- 
neys for retransplantation. 

When the primary kidney came 
from an unrelated donor, the early 
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patient survival after retransplanta- 
tion was less than that after primary 
tramsplantation, but the later sur- 
vival figures were similar. It is note- 
worthy that three of the 21 recipients 
were given kidneys from related do- 
nors the-second time; after more than 
five years following retransplanta- 
tion, all three are well. 

As implied, the source of the sec- 
ondary kidney graft was profoundly 
infuentialin determining subsequent 
patient survival (Fig 3). When the or- 
gans coulc be obteined from related 
donors, the results, while not as good 
as for the primary consanguineous 
transplantations, represented a sur- 
vival better than 50% for five years. 
In contrast, recipients of unrelated 
(usually cadaveric) kidneys for re- 
transplantation hed a much poorer 
long-term prognosis. In this latter 
category, none of 12 patients has sur- 
vived four years. 

The time between first and second 
transplantation influenced the kidney 
survival after the s2cond transplanta- 
tion (Fig +). The kidney survival was 
better the longer the time between 
the two graft procedures. 

The kicmey survival with and with- 
out known specific HL-A presen- 
sitization is shown in Fig 5. There 
were 65 gzafts thet, on the basis of 
the antigens then identifiable, did not 
share HL-A antigens with a previ- 
ously rejected transplant. and 18 
grafts in which one (17 cases) or two 
(ome case) antigens, clearly present in 
a nonprimary donor and foreign to 
the recipient, had been present in a 
donor of a previous transplant. The 
differenees in results were not differ- 
ent in a statistically significant way, 
but if amything, it was possibly 
slightly adwantageous to have had an 
HL-A presensitization. The HL-A an- 
tigens involved in the cases of pre- 
sensitization were as follows: A2 in 
seven cases; Al in three cases; A12 in 
twecases; and A3, A7, A10, All, W17, 
W 27, and 7 e60 in one case each (Tera- 
saki nomenclature). 

An attempt was also made to ana- 
lyze whether either the cause of the 
first graft failure cr the original dis- 
ease of the patients influenced the re- 
sults. These attempts proved unre- 
warding ir the first instance because 
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Fig 1.—Numerators and denominators indicate patients surviving and patients at risk, re- 
spectively, during each time period (follow-up to Aug 1, 1973). 


Fig 2.—Top, Survival of 45 patients with retransplanted kidneys after first related grafts 
had failed. Bottom, Survival of 21 patients with retransplanted kidneys after first unrelated 
transplants were rejected. Numerators and denominators as in Fig 1 (follow-up to Oct 1, 
1973). 
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Fig 3.—Top, Survival of 14 patients with 
retransplanted kidneys from a relative after 
first transplant had failed. Bottom, Survival 
of 52 patients with retransplanted kidneys 
from unrelated donors after first trans- 
plants had failed. Numerators and denomi- 
nators as in Fig 1 (follow-up to Oct 1, 1973). 


of difficulties in clearly separating 
the patients into different nonmixed 
cause categories, and in the second in- 
stance because of a heavy dominance 
of chronic glomerulonephritis in the 
case material, exceeding 80%. This 
proportion did not differ greatly from 
that in our total transplant popu- 
lation. 


Report of a Case 


The course of a 39-year-old woman with 
HL-A phenotype A3, W28; W10, W22 illus- 
trates some of the perplexing immunologic 
considerations of primary and secondary 
renal transplantation. The first cadaveric 
homograft, on April 13, 1971, was provided 
from a donor with HL-A phenotype A2; 
AT, A12. The kidney did not function well, 
failing to lower the blood urea nitrogen 
level below 70 mg/100 ml. On May 17, 1971, 
a second cadaveric homograft was pro- 
vided, this time from a donor with HL-A 
phenotype A2, A3; A7, Te52. Cytotoxic an- 
tigraft antibodies were not demonstrable 


Fig 4.—Kidney survival of second trans- 
plant (follow-up to Oct 1, 1973). 
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(negative cross-match). In spite of the five 
weeks presensitwation to HL-A antigens 
A2 and A7, the second kidney has func- 
tioned well wnti now. In July 1972, the 
frst graft was removed, 15 months after 
its insertion, because of vague pain in the 
general area of the graft and poor kidney 
perfusion as determined by renal scan. On 
histopathologic examination, the kidney 
was found to be rejected. 


Comment 


It appears that the outeome of re- 
transplantasion in a group of patients 
having rejected their first grafts is 
worse than that after primary trans- 
plantation, but not to a great degree. 
The difference is mainly accounted 
fer by an imcreased early postopera- 
tive mortality. It is en important and 
interesting practical consideration 
that such patients also have a sub- 
stantially depreciated prognosis if 
they are returned to long-term hemo- 
dialysis.° 

The type ef <idney used primarily 
has not been considered an overriding 
factor in the decision of whether or 
net to perferm a retransplantation. It 
has been considered justified to use 
kidneys of relat. ves for retransplanta- 
tion if such are available, as the sub- 
sequent result has been superior to 
that with secondary cadaveric kid- 
neys. The prognosis after retrans- 
plantation has been better if a long 
period of time elapsed after first 
transplantation Possibly a long unin- 
terrupted peried of immunosuppres- 
sive treatment makes the recipient 
better able to eccept a second trans- 
plant. Alternazively, patients who 
have borne chronically functioning 
homografts without dramatic, acute 
rejection episodes may represent a 
favorable subpopulation that has 
been refined by natural selection. 

Specific HL-a presensitization in 
the absence of wosittve direct cross- 
match does not eontraindicate a re- 
transplantation procedure. This could 
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be construed as further evidence of 
the now well accepted poor dis- 
crimination of HL-A matching in 
predicting the outcome after organ 
transplantation.’ Or if HL-A anti- 
gens are directly related to histocom- 
patibility, there is even a possibility 
that specific blocking antibodies were 
produced as a response to the sensi- 
tizing antigen, since the results, if 
anything, were slightly better if 
there had been prior exposure to an 
HL-A antigen found in a nonprimary 
donor. 


This investigation was supported in part by 
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by the General Clinical Research Centers Pro- 
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Health Service grants RR-00051 and RR-00069. 
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How Vital Is Mammography 


in the Diagnosis and Management 


of Breast Carcinoma 


Melvin A. Block, MD, William Reynolds, MD, Detroit 


Of 309 patients with verified breast carci- 
nomas, preoperative mammograms were posi- 
tive for 66%. This detection rate probably 
would have been higher if mammograms 
had not been omitted for many clinically ob- 
vious breast carcinomas during the seven- 
year period of study. The significant occur- 
rence of false-negative examination results 
when mammography is used under day-to- 
day clinical conditions emphasizes the prime 
importance of physical examination in the 
recognition of breast carcinoma. The proce- 
dure is of greater than supportive diagnostic 
value, however, in the detection of breast 
carcinoma, because a significant number 
(11% in this study) can be detected early 
only, or primarily, by mammography. Cate- 
gorizing patients into “high-risk” or ‘‘prob- 
lem” cases provides selection for the vital 
and practical use of mammography in peri- 
odic screening and supports decisions in 
clinical management. 


Mibameeraphy is recognized as a 
useful tool in the diagnosis of 
breast carcinoma. A review of our ex- 
perience with this examination in 
day-to-day practice indicates that, at 
this time, its primary contribution is 
as an adjunct to physical examina- 
tion, particularly in high-risk patients 
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and in patients whose physical exami- 
nation results are equivocal. 


Materials and Methods 


The contribution of mammography in 
establishing the diagnosis was determined 
for 506 patients with histologically proved 
breast carcinoma treated from 1966 
through 1972. Preoperative mammograms 
were done in 309 of these patients. A modi- 
fication of the Egan technique was used.’ 
The radiographic examination was di- 
rected and reported by experienced radiol- 
ogists. Reports suggesting carcinoma (sus- 
picious, possible, questionable) were 
considered to be positive. Nineteen of the 
patients in this series were examined by 
xeroradiography instead of conventional 
radiography. The accuracy in this small 
segment of patients is not statistically sig- 
nificant and does not appear to have af- 
fected the data. 


Results 


Of the 309 patients with confirmed 
breast carcinoma for whom preopera- 
tive mammograms were obtained, the 
correct diagnosis was made or sus- 
pected by this radiologic study in 203 
(66%). The incidence of true-positive 
mammograms did not change notice- 
ably from year to year during the 
study period. 

It is recognized that mammograms 
are more difficult tọ interpret in 
young patients with dense breasts. 
This is also evident in this study, as 
shown in Table 1. However, for pa- 
tients over the age of 50 years with 
breast carcinoma, 162 (73%) of 221 
had positive mammograms. Small 


carcinomas in large, dense breasts 
were the most difficult to detect. Ab- 
sence of calcification in breast carci- 
nomas also contributes to false-nega- 
tive readings. A few large, clinically 
obvious carcinomas were not identi- 
fied by mammograms. 

All histologic varieties of breast 
carcinoma were included in the group 
with false-negative mammogram re- 
sults (Table 2). No patient was found 
in this series in whom preoperative 
mammograms showed a second breast 
carcinoma when carcinoma had al- 
ready been diagnosed by physical ex- 
amination. 

Mammography alone was diagnos- 
tic of carcinoma or stimulated biopsy, 
which provided the diagnosis of 
breast carcinoma in a significant 
number of our patients (Table 3). 
These included patients with nonpal- 
pable carcinoma detected by screen- 
ing mammograms and patients hav- 
ing breast changes difficult to 
evaluate by physical examination. 
Problem situations included patients 
with multiple breast nodules, none of 
which were particularly suspicious by 
palpation, and patients with a ques- 
tionable abnormality on palpation. 
Early breast carcinoma frequently 
produces a poorly defined, often 
vague, abnormality by palpation. 
Mammography was the primary 
stimulus to the diagnosis of breast 
carcinoma in 11% of the patients in 
this series. 

In those patients with no palpable 
lesions, the radiographically sus- 
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Table 1—Age As a Factor in Accuracy of Mammography in Diagnosis 
of Breast Carcinoma 


Age Graup, 
yr 
21-30 
31-40 
41-50 
51-60 
61-70 
71-80 
81-90 
Totais 


piGious segmert of breast was surgi- 
cally removed. If the area in question 
contained calc fications, radiographs 
were made ef tne specimen and mark- 
ers were apprepriately placed to di- 
rect the pathobgist to the suspicious 
tissue. When ealcifications were not 
present, we did not find radiographs 
of the exesd specimen te be helpful 
in identifyiag the suspicious area. In 
sueh cases, the pathologist must sec- 
tion the entire specimen. If no histo- 
logie evidence of carcinoma can be 
found, the mammogram is repeated 
postoperatively to be certain that the 
area in question was actually excised. 


Comment 


That mammography will permit 
detection əf breast carcinoma with an 
aceeptable degree of accuracy is well 
established. Hcwever, for clinical pur- 
poses, mammcgraphy must provide 
accuracy at approximately the 100% 
level before it alone can direct man- 
agement. Mammography falls short 
of this reauzrement and is unlikely to 
reach this cegree of accuracy in the 
near future, particularly in routine 
clinical prectiee. Variations in re- 
ported aecuracy (true-positive rate) 
are showm m Table 4. 

A number of variables influence the 
reported accuracy o? mammography. 
These include patient seleetion, expe- 
rience and skill of the radiologist, and 
technical factars. Attempts at com- 
puter techriques for interpretation 
of mammogrems indicate that to 
achieve 19C% recognition of breast 
carcinomas,a very high false-positive 
rate will ocaur. * Our own incidence of 
mammographie accuracy (66%) for 
breast careimomas is lower than that 
of some other series, probably be- 
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cause mammograms were not done in 
a large number of patients with clini- 
cally obvious breast carcinomas. Only 
60% of our patients with histologi- 
cally proved breast carcinoma had 
preoperative mammograms. 

It is evident that mammography 
adds little to the management of a 
clinically palpable breast nodule that, 
on the basis of its own characteristics, 
requires biopsy. Mammography does 
not always provide a correct diag- 
nosis nor does it provide a histologic 
diagnosis. Therefore, it is a diagnos- 
tic aid but is not a diagnostice finality. 
A negative mammogram should nev- 
er delay or deflect biopsy of a breast 
nodule requiring biopsy on the basis 
of the physical examination. 

The incidence of false-positive ex- 
amination results does not detract 
from the basic value of mammog- 
raphy. Considering reports of “sus- 
picious for carcinoma” or “cannot 
exclude carcinoma” as positive, preop- 
erative mammograms were false-pos- 
itive during 1972 for 12 of 81 (14.8%) 
patients in our institution. Biopsy 
should be performed in instances in 
which breast carcinoma is not obvious 
clinically but mammograms are posi- 
tive, since Friedman and associates 
report about 50% of findings from 
such studies to be correct.’ 

Like any other single measure- 
ment, mammography plays a sup- 
portive or auxiliary role and must be 
used in conjunction with physical 
diagnosis.°""'*'" The larger mass- 
screening program of the Health In- 
surance Plan of Greater New York 
resulted in detection of a greater 
number of breast carcinomas by clini- 
cal examination than by mammo- 


graphy.'* 


The limitation of accuracy as well 
as the cost of the procedure done un- 
der optimal technical and inter- 
pretive circumstances make the use 
of mammography in screening large 
numbers of women, at present, im- 
practical. The best available plan for 
the detection of early or latent breast 
cancer requires the combination of 
self-examination, physician examina- 
tion, and mammography. 

The mammogram alone is the basis 
for the detection of breast carcinoma 
in a significant number of patients 
(Table 5). It appears that selection of 
specific groups of patients (high-risk 
patients or those whose physical ex- 
amination results are inconclusive) 
will result in maximal benefit from 
the procedure. 


Current Place of 
Mammography for Surgeons 


Considering the complementary 
role of mammography and its current 
limitations, particularly for the 
woman under the age of 40 years, 
mammography can provide its max- 
imal practical diagnostic value when 
utilized for the following categories 
of high-risk or problem patients: (1) 
following mastectomy, to screen the 
remaining breast; (2) questionable 
abnormality in breast—by palpation, 
contour, vague pain, nipple discharge, 
large fatty breast; (8) multiple nod- 
ules or irregularities, none dominant; 
(4) prior to elective aspiration of a 
cyst; (5) presence of familial history 
of breast carcinoma, for screening; (6) 
in search for unknown primary for 
metastic carcinoma; (7) preoperative 
screen for nonpalpable carcinoma in 
patient with suspected carcinoma in 
one breast. 

Specimen mammography is needed 
to localize areas of nonpalpable sus- 
picious calcification for histologic 
study. Whether this should be done 
routinely, as advocated by Rosen and 
co-workers, is uncertain.'® We have 
not found specimen radiography help- 
ful when calcifications were not vis- 
ible on the original mammograms.” 

It appears that the contribution of 
mammography in the early detection 
of breast carcinoma should be a factor 
in the reduction of mortality from 
this disease. Unfortunately, numer- 
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Table 2.—Pathologic Varieties of Breast Carcinoma Producing 
Negative Mammograms 


Pathologist’s Description 
Adenocarcinoma 

Ductal carcinoma 
Scirrhous carcinoma 
Lobular carcinoma 
Undifferentiated carcinoma 
Comedocarcinoma 
Medullary carcinoma 
Papillary carcinoma 
Inflammatory carcinoma 


Total 


No. of Patients 


Table 3.—Mammography Alone Identified or Stimulated Biopsy Recognition 
of Breast Carcinoma 


Category of Patient 
No nodule palpable 
Screening of remaining breast after 
mastectomy for carcinoma 
Breast tenderness 
Screening for primary carcinoma 
producing bone metastasis 
Identified possible or probable carcinoma 
in patient with multiple palpable breast 
nodules, but no dominant nodule 
Stimulated biopsy of questionable breast 
nodule by palpation 
Total 


No. of Patients 





* Eleven percent of 309 patients with breast carcinoma for whom preoperative mammo- 


grams were done. 


Table 4.—Reported Variations in Accuracy of Mammography in Identifying 
Breast Carcinoma 


Report 
Egan (6-year study 1956-1962)! 
Egan (9-year study 1956-1965)! 
Clark et al (1965)2 
Friedman et al (1966)3 
Thomas and McDonald (1967)4 
Wolfe (1967)1‘P121) 
James and Irvine (1969)5 
Stevens and Weigen (1969)é 
Stewart et al (1969)? 
Sokol et al (1970)8 
Hinkamp (1971)? 
Hunter (1972)? 
Nathan et al (1972)! 
McClow, Williams (1973)!2 
This report (1973) 





% of Breast Carcinomas Identified 


97 
89 
79 
68 
61 
92 
90 
58 
92 
79 
73 
86 
88 
89 
66 


Table 5.—Reported Frequency of Diagnosis of Breast Carcinoma Only or 
Primarily by Mammography 


Egan (1972)! 
McClow, Williams (1973)!2 
This report (1973) 


ous preclinical carcinomas still are yet 
not detectable by this technique.” In 
addition, mammography has led to 
changes in the operation for breast 
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Primarily by Mammography 





carcinoma. In selecting procedures to 
match the extent of evident breast 
carcinoma, identification of minute 
lesions by mammography should per- 


mit greater use of modified radical 
mastectomy and simple mastectomy. 
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Rosert C Hickey, MD, Houston: Drs. 
Block and Reynolds have earried out a 
very scholaly and arduous study. 

We received the manuscript that has 
been prepared by these twe surgeons 
about a wee- ago and nave had an opportu- 
nity to disass this at the Anderson Hospi- 
tal and, particularly, with Dr. Gerald Dodd 
who is professor and head of the Diagnos- 
tie Radiology Department, among others. 

I believe that they have rightly empha- 
sized that he responsibility for breast 
eameer diagrosis by mammography, or by 
implication =hermography or other tech- 
niques, canmot be shifted from or by the 
surgeon. Further, mammographic studies 
should never negate suspicious clinical 
findings anc vice versa. 

In brief, the authors have obtained pre- 
operative m.mmographic roentzenograms 
on 60% of 566 patients with breast cancer 
and have ina subgroup of 309 an overall 
diagnostic ascuracy o? 66%. But the tech- 
nique was tae primary stimulus to diag- 
nosis in 11% of the patients, that is, 44 of 
309, and we consider that very good. 

Te speak t some of the technical specif- 
ics, it is readily acknowledged that with 
the dense bmast, and this is whether the 
breast is large or smal., there are more pit- 
falls. 

In Dr. Bleck’s study, in 152 of 221 pa- 
tients past -0 years of age the mammo- 
grams were nterpreted as abnormal, that 
is, in the grcup with more contrasting fat. 
This 73%, puts them in æn acceptable 
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Discussion 
range. This is usually the 75% to 90% accu- 
racy range. 

Commenting on the calcification, ap- 
proximately one third of the lesions show 
some calcification in most series, and if the 
specimen is examined, about half will show 
this. Other changes need to be sought. 

In our experience at the Anderson Hos- 
pital, the radiologists, along with the pa- 
thologists, do use specimen radiography 
and have found this an additional help in 
identifying the lesion. 

Mammography has come a long way 
with the efforts of men like Drs. Egan and 
Martin of this city, and John Wolff in De- 
troit. 

For practical purposes, as you will recall, 
it was introduced into this country by Dr. 
Gershen-Cohen of Philadelphia, adapting 
French and South American radiographic 
techniques. 

At the time it was introduced, funds 
were very difficult to find. On a personal 
note, I went to Philadelphia on a site visit 
under instructions from the National Can- 
cer Institute. I went to Dr. Gershen-Co- 
hen’s department very much as a skeptic 
and left very much a convert, and in dis- 
cussions with Dr. R. Lee Clark it may be 
important to note that in this past week 20 
mammography centers have been set up 
around the United States with $1 million 
from the American Cancer Society and $2 
million from the National Cancer Institute. 

At Anderson Hospital we believe that 
xeromammography is a significant contri- 


bution toward detection of the small pri- 
mary malignant neoplasm; but also, per- 
haps it prepares the patient better for 
definitive operation, and then there are 
other indications, such as watching the 
contralateral breast, seeking an unknown 
primary, and others. 

We should thank Drs. Block and Reyn- 
olds for forcing us to think again about 
this technique. 

Dr. Brock: I do want to express our ap- 
preciation for Dr. Hickey’s comments. One 
needs only to look at the M.D. Anderson 
facilities, located several blocks from here, 
to appreciate the massive clinical experi- 
ence that permits valid conclusions from 
this group. 

With respect to specimen mammography, 
it is conceivable that this procedure will 
permit a greater recognition of certain 
types of breast carcinoma, such as ductal 
carcinoma and lobular carcinoma. How- 
ever, unless there is some indieation of the 
presence of calcification in the preopera- 
tive mammograms, we have not found 
specimen mammography, to date, to be 
particularly helpful. 

In closing, I do want to express the hope 
that reliance on mammography has not 
reached the point that abnormal findings 
are required before a clinician or surgeon 
decides it is mandatory to do a breast ex- 
amination. 
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Congenital Dilatation 


of the Intrahepatic Biliary Ducts 


David R. Watts, MD; Gabriel A. Lorenzo, MD; John M. Beal, MD, Chicago 


Congenital cystic dilatation of the intra- 
hepatic biliary ducts, until recently, has been 
infrequently recognized. Three patients with 
this anomaly have been treated at North- 
western University Medical Center during 
the past five years. Review of the world liter- 
ature has yielded an additional 81 cases. Op- 
erative cholangiogram has become the most 
valuable test for the diagnosis, location, and 
extent of the disease process. Hepatic lobec- 
tomy or segmental resection yields the best 
results. Internal drainage has been the most 
frequent surgical treatment performed. Be- 
cause of recurrent episodes of cholangitis, 
prolonged postoperative therapy with anti- 
biotics and careful follow-up study are 
required. 


ongenital dilatation of the intra- 
hepatic ductal system, which is a 
rare variation of congenital dilata- 
tion of the biliary tree, was described 
in 1958 by Caroli et al as a clinical en- 
tity. The disease is manifested by 
saccular or cylindrical dilatation of 
the intrahepatic radicles and may in- 
volve the biliary ductal system dif- 
fusely or be confined to one lobe or 
segment. Symptoms usually begin in 
early childhood and result from recur- 
rent episodes of cholangitis. This dis- 
ease, if untreated, may be fatal either 
from sepsis or gradual deterioration 
of liver function. 

Three patients with congenital dil- 
atation of the intrahepatic ductal sys- 
tem have been treated at North- 
western University Medical Center 
during the past five years. The vari- 
ations in the findings in each patient 
have stimulated us to report the two 
most recent ones and give a long- 
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term follow-up study of a patient re- 
ported in 1971.* A review of the world 
literature has yielded an additional 81 
cases, more than double the largest 
previously collected series.” 


Report of Cases 


Case 1.—A 34-year-old Philippine-born 
woman was transferred to the Chicago 
Municipal Tuberculosis Sanitarium in No- 
vember 1972 from another institution, fol- 
lowing the drainage of an empyema of the 
right pleural space. The drained material 
was bile-stained; however, acid-fast orga- 
nisms were reported to be present. The 
history revealed that after the age of 2 
years, she suffered frequent episodes of 
pain in the upper part of the abdomen. At 
the age of 15 years, she was subjected to 
exploratory laparotomy and no abnormal- 
ities were found. During the next nine 
years, she had fever intermittently and 
jaundice that was associated with the ab- 
dominal pain. Cholecystectomy and com- 
mon duct exploration was performed ten 
years ago. Stones were not found in the 
gallbladder or in the common duct. During 
the ensuing ten years, similar symptoms 
continued for which she was hospitalized 
on several occasions. 

At the time of admission, the patient 
was not in acute distress; she was afebrile, 
was not icteric, and had decreased breath 
sounds and dullness over the hemithorax 
on the right posteriorly. The abdomen was 
slightly tender to palpation in the epigas- 
trium and right upper quadrant. The liver 
was palpated 3 cm below the right costal 
margin. 

The incompletely drained empyema of 
the right pleural cavity was treated by 
tube thoracostomy for a period of ten days 
and did not recur. Acid-fast organisms 
were not isolated from the empyema or 
sputum. A tuberculin skin test was nega- 
tive. Investigation of the persisting ab- 
dominal pain was undertaken. 

Laboratory studies disclosed the follow- 
ing values: total bilirubin level was 0.8 
mg/100 ml, with 0.2 mg direct fraction; se- 
rum alkaline phosphatase, 13.2 Bodansky 
units; serum glutamic oxaloacetic trans- 


aminase (SGOT), lactic dehydrogenase, 
and prothrombin time were within normal 
limits. An x-ray film series of the upper- 
gastrointestinal tract, intravenous pyelo- 
gram, and results of barium enema exami- 
nation were normal. A liver scan showed a 
4-cm area of decreased perfusion in the 
left hepatic lobe. Intravenous cholangio- 
gram revealed a faint serpiginous opaci- 
fied structure interpreted as either a large 
cystic duct remnant or an intrahepatic bile 
duct dilatation. 

An abdominal exploratory operation was 
performed on Jan 24, 1973. At time of op- 
eration, the common bile duct was found 
dilated, with a diameter of 2.5 em. The left 
lobe was felt to contain a large cys- 
tic structure. Operative cholangiogram 
showed the radiopaque material filling a 
large cystic dilatation of the left hepatic 
ductal system containing numerous radio- 
lucent stones and a stricture of the intra- 
hepatic portion of the common hepatic duct 
(Fig 1). Because of the location of the stric- 
ture and the unilocular dilatation in the 
left lobe of the liver, a left intrahepatic 
cholangiojejunostomy (Roux-en-Y) was 
performed after removal of stones. A T- 
tube was inserted in the common duct, and 
the long arm was placed through the intra- 
hepatic stricture into the saccular dilata- 
tion. The postoperative course was unevent- 
ful. Three months after operation T-tube 
cholangiogram showed patency of the 
hepatoenteric anastomosis (Fig 2). The 
tube was then removed. During the nine- 
month follow-up study, the patient had one 
attack of cholangitis for which she was ad- 
mitted to Northwestern Memorial Hospi- 
tal. This was promptly controlled with an- 
tibiotic therapy. Results of liver-function 
tests on Aug 29, 1973, were normal, except 
for slightly elevated alkaline phosphatase 
level of 155 units (normal, 30 to 85 units). 
The patient was asymptomatic Oct 9, 1973. 

Comment.—This report is presented 
as an example of intrahepatic cystie 
dilatation involving the left lobe of 
the liver. Left hepatic lobectomy has 
been recommended for lobar involve- 
ment, but was not technically feasible 
in this patient because of the pres- 
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Fig 1.—Operative cholangiagrem revealed huge cystic dilatation of left hepatic duct con- 
taining numerous stones. Severe stricture of common hepatic duct is present. 


ence of the stricture of the intrahe- 
patic portion 3f the common hepatic 
duct. 


CaSE 2.—A 31-year-old black man was 
admitted for the fourth time to the Veter- 
ans Administration Research Eospital on 
Sept 10, 1973, wth epigastricand right up- 
per quadrant abdominal pain, nausea, and 
vomiting. History revealed that in 1963, at 
the age of 22 years, cholecystectomy and 
appendectomy were performed. In 1965, he 
had a gastrie resection done for a bleeding 
peptic ulcer. After the last operation, he 
had intermitent attacks of epigastric and 
right upper quadrant pain. These attacks 
had been more severe and frequent within 
the last few morths. The patient had a his- 
tory of alecholism, and a diagnosis of 
chronic, recurrent pancreatitis was consid- 
ered at the time of admission. 

When admitted to the hospital, the pa- 
tient was not in acute distress. The abdo- 
men-was slightly tender to palpation in the 
epigastric and right upper quadrant. Re- 
sults of the remainder of the examination 
were unremarkable. 

Laboratory stadies disclosed the follow- 
ing values: bemoglobin, 12.6 gm/100 ml; 
hematocrit reading, 37.8%, white blood cell 
count (WBC), 4,600/cu mm, with a normal 
differentia! eell eount. Total serum bili- 
rubin level was 9.7 mg/100 ml. The SGOT 
was 109 units, amylase, 322 units/100 ml, 
alkaline phesphatase level was 48 King- 
Armstrong units, bleod urea nitrogen 
(BUN) level wes 11 mg/100 ml. Intra- 
venous cholamgicgram revealed £ large ra- 
diolucent filling defect in the left hepatic 
duet and another at tke distal end of the 
cermmon bile duct. 


Areh Surg/Vol 108, April 1974 


With the diagnosis of retained common 
duct stones, the patient was operated on 
Oct 5, 1973. The common duct was ex- 
plored, and a stone was removed from the 
distal end. Operative cholangiogram re- 
vealed a stricture of the left hepatic duct 
and a stone in the duct above the stricture 
(Fig 3). The stricture was dilated and the 
stone was fragmented with stone forceps 
and flushed out. A T-tube was reinserted, 
and a second operative cholangiogram 
demonstrated that the ductal system was 
now free of stones. The immediate postop- 
erative course was uncomplicated. 

Comment.—The clinical pictures in 
these two patients have a number of 
similarities. There was a long history 
of pain in the upper part of the abdo- 
men and previous abdominal oper- 
ations. Intravenous cholangiogram 
revealed retained stones; however, 
the underlying cause was not appar- 
ent. The pathologic process was con- 
fined to the left lobe in both patients, 
and strictures were present. Case 2 is 
presented as an example of early 
structural changes in the intrahepatic 
biliary tree confined to the left lobe, 
with a stricture in the left hepatic 
duct. The location of the stricture and 
unilobar involvement should permit 
left hepatic lobectomy if symptoms 
recur. 


CASE 3.—This case is a four-year follow- 
up study of a 40-year-old white man whose 
condition was previously reported.’ This 
patient’s condition is an example of an un- 
usual variation of congenital segmental 
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Fig 2.—Postoperative cholangiogram 
showing contrast material filling left hepatic 
cystic dilatation and well-functioning cho- 
langiojejunostomy (Roux-en-Y). 


dilatation involving the right and left lobes 
of the liver, as well as idiopathic dilatation 
of the common bile duct. The patient had 
three operations, the last one in January 
1969, at which time a Roux-en-Y choled- 
ochojejunostomy was performed (Fig 4). 
A catheter was placed in the larger cystic 
dilatation and was brought out to the skin 
through the defunctionalized limb of jeju- 
num to facilitate drainage of the cysts. 
The catheter was removed approximately 
2 years later, and a biliary cutaneous fis- 
tula was established. Drainage from the 
fistulous tract has varied from a few mil- 
liliters to 400 ml in a 24-hour period. 

Since September 1969, the patient has 
been hospitalized five times because of re- 
current attacks of cholangitis, the last on 
Aug 24, 1972. Therapy with antibiotics has 
varied according to the sensitivity of the 
organisms obtained from bile and blood 
cultures. For the past year, the patient has 
been treated with cephalexin monohydrate 
(Kelflex), 250 mg three times daily, and 
has been followed-up as an outpatient. He 
has been able to resume his work on a full- 
time basis and has been free of cholangitis. 
Results of the most recent laboratory 
tests, August 1973, showed the following 
values: total serum bilirubin, 1.6 mg/100 
ml; SGOT, 75 units; alkaline phosphatase, 
875 King-Armstrong units; and a sulfobro- 
mophthalein (Bromsulphalein) dye excre- 
tion test showed a retention of 24% at the 
end of 45 minutes. 


Comment.—The difficulties in the 
management of patients with diffuse 
intrahepatic dilatation are exempli- 
fied by this patient. Cholecystectomy, 
common duct exploration, and trans- 
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Fig 3.—Operative cholangiogram showing severe stricture of distal left hepatic duct with 


proximal dilatation and stone. Radiolucent stone is present in distal common duct. 


Fig 4.—Postoperative cholangiogram showing diffuse dilatation involving intrahepatic bil- 


iary radicles of both lobes. 
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duodenal sphincterotomy failed to re- 
lieve the patient’s problem. Even 
Roux-en-Y choledochojejunostomy did 
not protect the patient from recur- 
rent cholangitis. However, his clinical 
condition has improved over a period 
of four years, although he has re- 
quired long-term antibiotic therapy. 


Comment 


The papers of Caroli and his associ- 
ates have provided the clinical charac- 
teristics of this malformation,'* °° 
and are primarily responsible for di- 
recting attention to its significance. 
Sporadic reports of similar cases an- 
tedated his initial paper in 1958. The 
earliest case described was by Vachell 
and Stevens’ in 1906, and other re- 
ports included those of McWhorter 
(1924 and 1939), Oglobin’® (1927), Le- 
Naour (1941), Mallory’? (1942), 
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Grumbach et al” (1954), Rheinlander 
and Bowens" (1957), and Ravitch and 
Snyder’ (1958). 

Since Caroli’s publications, cases of 
segmental dilatation of the biliary 
tract have been recorded with in- 
creasing frequency. The present re- 
view of the world literature yielded 
81 cases for a total of 84, with the in- 
clusion of the three cases reported 
herein. 

This disorder is probably congenital 
in origin. Symptoms usually begin in 
early childhood and are often the re- 
sult of recurrent cholangitis. The on- 
set of symptoms in 69 of the 84 pa- 
tients in the collected series was 
below the age of 30 years. In 7 pa- 
tients, symptoms began in infancy, in 
3 patients in childhood, 18 patients in 
the 2- to 9-year range, 17 in the 10- to 
19-year range, 24 patients in the 20- to 


29-year range, 8 in the 30- to 39-year 
range, and 5 patients in the 40- to 49- 
year range. Symptoms appeared in 
two patients over the age of 50 years. 
Congenital anomalies involving or- 
gans other than the liver or biliary 
tract have been reported in a number 
of patients and include medullary 
sponge kidney or renal tubular ec- 
tasia noted in four, +!®"5 Laurence- 
Moon-Biedl-Bardet syndrome,” and 
achondroplastic dwarfism’? in one 
each. Thirty-five of 66 patients whose 
common duct was adequately de- 
scribed had choledochal cysts and 21 
had idiopathic dilatation of the com- 
mon duct. One had multiple diver- 
ticula of the common duct,”' and con- 
genital absence of the gallbladder 
was encountered in another." Tsu- 
chida and Ishida” reviewed operative 
cholangiograms of 16 cases of cho- 
ledochal cysts and found intrahepatic 
dilatation in nine, an observation 
that should prompt routine use of op- 
erative cholangiography in patients 
with choledochal cysts. 

The exact defect in the embryologic 
development of the biliary tract is un- 
known. Yotsuyanugi*®’ in 1936 pro- 
posed that idiopathic dilatation of the 
common bile duct was caused by ine- 
quality of proliferation of the epithe- 
lial cells at an early stage, when the 
primitive common duct is still solid in 
the embryo. It is possible that the 
same process can occur in multifocal 
areas elsewhere in the intrahepatic 
ductal system. More recently, Glenn 
and McSherry’ have suggested that a 
combination of factors, such as weak- 
ness or absence of the subserosal 
layer and possible deficiency of inner- 
vation in combination with increased 
pressure of the normal mechanical re- 
sistance of the distal common duct re- 
sults in the dilatation of the involved 
segments. 

The relationship of congenital he- 
patic fibrosis to Caroli disease is un- 
clear. This former term was proposed 
by Kerr et al** in 1961, to describe a 
syndrome characterized by excessive 
proliferation of small intrahepatic 
bile ducts, microscopic cyst formation, 
and severe portal fibrosis. Patients 
develop early signs and symptoms of 
portal hypertension and hepatic fail- 
ure. Caroli has classified the intra- 
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hepatic -eystic dilatatien in two 
groups; frst, a pure form, not associ- 
ated wita hepatic cirrhosis or portal 
hypertension and, second, a type as- 
sociated with congenital hepatic fi- 
brosis. Waile there is a considerable 
overlap, anly a few of the pa- 
tients =" in this collected series 
had this second type. Of the symp- 
toms reported were the following: 
pain, 48 patients; fever, 30 patients; 
jaundice, 23; upper gastrointestinal 
bleeding (rarcces), 3; pancreatitis, 3; 
hepatomegaly, 1; and hepatic failure, 
1. Data were not available for 14 pa- 
tients. The symptem complex most 
eommmonly seen is that of cholangitis, 
rather tham those of cirrhosis or por- 
tal hypertension. 


Diagnosis 


Recogrition of th:s malformation is 
difficult amd S seldom made before 
eperatior. The correct diagnosis fre- 
quently = decectec only after mul- 
tiple abdeminal exploratiens, as illus- 
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No. of 
Treatment Patients Operation Results No. _ Follow-up 
External drainage 13 Cholecystostomy Operative deaths 6 
Late postoperative deaths 2 
Common duct exploration Good results 4 Short-term 
and T-tube drainage No follow-up 1 
internal eraimage 42 Roux-en-y Operative death 3 | 
Choledochojejunostomy” Late postoperative deaths 3 1 died of unrelated disease 
Occasional crisis of cholangitis 1 
7 Recurrent episodes of cholangitis. 1 Required hepatic resection 
Well at various intervals 7 Up to 2 yr 
No follow-up 5 
Choledochoduodenostomy"” Operative death 0 
Late postoperative deaths 1 Unrelated disease 
Occasional cholangitis 1 
Recurrent episodes of cholangitis 10 Choledochojejunostomy, 6 
Hepaticojejunostomy, 2 
Hepatic lobectomy, 2 
Well at various intervals 4 Up to 8 yr 
No follow-up 1 
Hepaticojejunostomy5 Postoperative death 1 
Occasional cholangitis 1 
Recurrent cholangitis 1 Required hepatic lobectomy 
Well 1 Up to 2 yr 
No follow-up 1 
Resectior 2 Primary hepatic lobectomy? Well 2 10 yr 
5 months 
No treatrment 8 
Autops» finding 7 
Unknown 12 
Total 


trated by our three patients. In the 
collected series, the diagnosis was 
made in one instance by oral cho- 
lecystogram,”* and in a few by intra- 
venous cholangiogram.**** However, 
in the majority, the presence of the 
disease and topographic distribution 
within the ductal system has been 
discovered by operative cholangio- 
gram. 

The association of the intrahepatic 
and extrahepatic anomalies of the 
bile duct and the topographic distri- 
bution within the liver are as follows: 
In the extrahepatic, choledochal cyst 
was present in 35 patients; idiopathic 
dilatation, 21; normal common duct, 9; 
multiple diverticuli, 1; and data were 
not collected for 14 patients. In the 
intrahepatic category, left unilateral 
dilatation was present in 20 patients; 
right unilateral dilatation, 3; bilateral 
dilatation, 46; and data were not 
available for 15 patients. The pre- 
dominance of an involvement of the 
left lobe of the liver in those who have 
unilobular dilatation is apparent. 


Treatment 


The modalities of surgical treat- 
ment are summarized in the Table. 
Several of the cases in this review 
were diagnosed at autopsy.*':!7)'%?*9 
In a few the diagnosis was made dur- 
ing life, but either no surgical treat- 
ment was given® 6-3-33 or the results 
were not reported.” 

When external drainage of the bili- 
ary ductal system was the only surgi- 
cal procedure, biliary sepsis was usu- 
ally present and the results were poor. 
However, the inadequacy of simple 
external drainage is emphasized by 
the frequent need for subsequent sur- 
gical procedures. >: 1:12:15, 16-17.26.33-36 

Choledochoduodenostomy, choledo- 
chojejunostomy, and hepatic- 
ojejunostomy were the three types of 
internal drainage utilized. Choledo- 
choduodenostomy was performed in 
17 patients, most of whom had cho- 
ledochal cysts in addition to intra- 
hepatic cystic dilatation.* Of these, 


*References 1,3,5,15,18,20,27,37-45. 
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ten developed cholangitis as a result 
of stricture of the anastomosis and 
underwent a variety of subsequent 
procedures (Table). Longmire and 
Trout have advocated abandoning 
this procedure in patients with cho- 
ledochal cysts, and this study sup- 
ports their recommendation. 

In patients treated by Roux-en-Y 
choledochojejunostomy; there was a 
lesser incidence of subsequent severe 
cholangitis requiring another oper- 
ation. While the numbers involved 
are small, we think this is a more ac- 
ceptable internal drainage procedure, 
particularly for those who have dif- 
fuse intrahepatic involvement. 

Only five patients, including the 
patient in case 1 of this report, had 
hepaticojejunostomy as the definitive 
method of internal drainage. One op- 
erative death was reported,*’ one pa- 
tient was lost to follow-up study“ 
one, our first patient, had mild, con- 
tinuing cholangitis, one required sub- 
sequent left hepatic lobectomy,” and 
one was asymptomatic two years post- 
operatively* When internal drainage 
of the common bile duct becomes im- 
practical because of proximal stric- 
ture and dilatation of the intrahepat- 
ic ducts, a procedure is required that 
will provide decompression proximal 
to the stricture and allow drainage of 
the cystic areas. 

The role of major hepatic resection 
must be emphasized. Two patients in 
the collected series had hepatic lobec- 
tomy as the primary treatment of uni- 
lobar intrahepatic dilatation.**' Four 
others were subjected to this oper- 
ation after failure of various internal 
drainage procedures.'** Both of 
those in whom primary left hepatic 
lobectomy was done recovered well. 
Of the group of four who were sub- 
jected to lobectomy following various 
other procedures, one died in the post- 
operative period,” follow-up informa- 
tion was not provided in two,” and 
the fourth was well 2’ years after op- 
eration.’ When the general condition 
of the patient is satisfactory and the 
location of the cystic malformation is 
confined to one lobe, resection is the 
procedure of choice. 


- 


+References 1,3,5,6,14,17,19,22,26,28,39,47-51. 
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Prognosis 

Analysis of the collected series sug- 
gests that the long-term prognosis is 
poor and complications are frequent. 
Recurrent attacks of cholangitis, if 
not treated, may lead to sepsis and 
death. Complications other than 
cholangitis such as biliary pleural fis- 
tula, spontaneous rupture of cystic 
structure,” and intrahepatic abscess" 
have been reported. Carcinoma has 
been noted to occur with increased 
frequency in association with cho- 
ledochal cysts.’ Three of the 84 pa- 
tients reported with intrahepatic dil- 
atation had documented biliary tract 

as! which suggests a 
similar relationship. 

Information concerning long-term 
results of treatment is meager. Many 
patients with internal drainage de- 
velop episodes of cholangitis, so that 
therapy with antibiotics is required 
for long periods. Because of the fre- 
quency of stasis and formation of 
gallstones in this disease, the admin- 
istration of bile salts has been sug- 
gested in these patients to decrease 
the bile lithogenic potential.” The ef- 
ficacy of this reeommendation has not 
been tested clinically. 

From our own experience and the 
review of the large, collected series 
such as those of Glenn and McSherry’ 
and Longmire et al,“ selection of the 
most adequate type of surgical treat- 
ment must vary with the location and 
extension of the disease process in 
the liver and the presence of associ- 
ated extrahepatic bile duct anomalies. 

Hepatic lobectomy or segmental re- 
section is the preferred approach and 
is indicated when the disease process 
is confined to a lobe or a segment. Un- 
fortunately, the majority of patients 
present a complex problem with the 
cystic dilatation involving both lobes 
of the liver. The extrahepatic system 
is also involved in approximately two 
thirds of the patients. 

Internal drainage does not appear 
to be as satisfactory as resection, but 
can be accomplished in the majority 
of patients. Roux-en-Y choledocho- 
jejunostomy is usually the most ap- 
propriate method of internal drain- 
age. However, in some instances, 
stasis within the intrahepatic dilata- 
tions may persist because of stric- 


tures located higher in the biliary 
tract. Then the internal drainage 
should be placed in the most depen- 
dent segment of the intrahepatic dil- 
atation. An example of this variation 
is our first patient (case 1), in whom 
intrahepatic cholangiojejunostomy 
was most logical. 

Longer periods of follow-up study 
are needed in patients with intra- 
hepatic dilatation of the bile ducts 
who have been treated surgically. Al- 
though internal drainage decreases 
biliary stasis, aids in the control of in- 
fection, and decreases the potential of 
stone formation, many patients con- 
tinue to have episodes of cholangitis. 
Long-term therapy with antibiotics is 
mandatory and liver-function tests 
should be performed at frequent in- 
tervals. Stricture of the anastomosis 
should be suspected when cholangitis 
fails to respond to appropriate anti- 
biotic therapy and when there is asso- 
ciated deterioration of hepatic func- 
tion. Caroli considers, “that this 
disease is not amenable to surgical 
treatment,” which emphasizes the 
complexity of the problem. 
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new approaches to their management is 
fascinating. 
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Discussion 


I am concerned about the term “Caroli 
disease” as it is now being used in the sur- 
gical literature. I believe that it is being 
used very liberally to include lesions that 
Caroli really didn’t mean to include. 

Dr. William Longmire, just a couple of 
years ago, produced what I think is the 
best classification of hepatic cysts that ex- 
ists in the literature at the present time, 
including both intrahepatic lesions and 
those involving the extrahepatic biliary 
tree. I would certainly refer you to it, be- 
cause as indicated by these authors, Caroli 
disease is only one form of congenital cys- 


‘tic disease that involves the liver. Congeni- 


tal cystic disease has been recognized for a 
long time in other forms, and one point 


s 


cal treatment of choledochal cyst. Ann 
Surg 172:844-851, 1970. 

41. Engle J, Salmon PA: Multiple cho- 
ledochal cysts. Arch Surg 88:345-349, 1964. 

42. Gunderson J: Cysts of the bile ducts. 
Acta Chir Scand 129:606-614, 1965. 

43. Hogarth J, Laird RC: Congenital 
cystic malformation of the bile ducts. Can 
Med Assoc J 95:57-61, 1966. 

44. Kato K, et al: Congenital choledochal 
cyst in children. Shujutsu 22:334-341, 1968. 

45. Halasz J, Macsai L: Gallensteinbil- 
dung in den kongenitalen intrahepatischen 
m raumen. Zentralbl Chir 87:547-551, 
1962. 

46. Trout HH, Longmire WP: Long- 
term follow-up study of patients wit 
congenital cystic dilatation of the common 
bile duct. Am J Surg 121:68-86, 1971. 

47. Longmire WP, Mandiola SA, Gordon 
HE: Congenital cystic disease of the liver 
carat system. Ann Surg 174:711-726, 

48. Beau A, et al: Un nouveaux cas de 
malformation polykystique congenitale des 
voies biliaires. J Chir 80:4438-451, 1960. 

49. Guillemin G, et al: La dilatation kys- 
tique congenitale des voies biliaires intra- 
hepatiques segmentaires à propos d’une 
observation. Arch Mal Digest Nutr 54:797- 
811, 1965. 

50. Martin E, Corcos V, Albano O: La 
dilatation congenitale des voies biliaires 
intrahepatiques segmentaires. Presse Med 
73:2565-2570, 1965. 

51. Jackson BT, Saunders P: Perforated 
choledochus cyst. Br J Surg 58:38-42, 1971. 

52. Mercadier M, et al: Nouvelle obser- 
vation de dilatation congenitale des voies 
biliaires intrahepatiques. Sem Hop Paris 
44:3283-3288, 1968. 

53. Helou E, Farah M, Nasar W: Hepa- 
tectomie gauche pour dilatation congeni- 
tale des voies biliaires intrahepatiques. 
Rev Int Hepatol 15:1295-1304, 1965. 

54. Warren KW, Kune GA, Hardy KJ: 
Biliary duct cysts. Surg Clin North Am 
48:567-577, 1968. 

55. Jones AW, Shreeve DR: Congenital 
dilatation of intrahepatic biliary ducts 
with cholangiocarcinoma. Br Med J 2:277- 
278, 1970. 

56. Esyesad S: Cystic dilatation of 
the intrahepatic biliary tree (Caroli’s dis- 
ease): A suggested treatment. Gastroen- 
terology 64:663, 1973. 


that I would like to emphasize, which was 
mentioned by the authors, is that congeni- 
tal, multiple cystic lesions of the liver are 
commonly associated with cystic lesions 
elsewhere. In that group of patients there 
is a higher mortality from associated con- 
genital cystic disease of the kidneys than 
from the liver disease. In contradistinc- 
tion, in this form of congenital cystic dis- 
ease involving the biliary ducts, the prob- 
lem more commonly relates to the liver. 
We have treated one patient with Caroli 
disease. The disease involved the entire 
right lobe, and the left lobe was essentially 
normal. Dr. George Morris first operated 
on this patient in 1963. He performed a 
choledochojejunostomy, and I saw the pa- 
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tient when he came back about three or 
four years later with fever and an attack 
of pain in the right upper quadrant. How- 
ever, results of hepatic-function tests were 
normal and it was ultimately found that 
this man had recurrent pyelonephritis 
rather than recurrent cholangitis. He was 
known to have sponge kidneys, and he had 
been known to have a congenital ureteral 
obstruction that had previously been oper- 
ated on. 

It is now ten years since Dr. Morris’ 
original operation, and my most recent fol- 
low-up study was approximately four or 
five months ago, at which time the patient 
had not had another attack of cholangitis. 

He is, however, dying of progressive re- 
nal dysfunction, and thus one should, as 
indicated, look for other congenital abnor- 
malities in patients with Caroli disease. 

Last, I would like to agree that one must 


choose the therapy depending on the path- 


ologic findings. I think that when there is 
uniform dilatation of this type, choledocho- 
jejunostomy is the best treatment. On the 
other hand, if a stricture is too high to 
allow adequate drainage in a patient with 
repeated cholangitis and formation of 
stones behind this stricture, resection may 
be the only treatment that will be success- 
ful in curing the disease. 

However, one has every indication to try 
a conservative—that is, a drainage proce- 
dure—before proceeding to a more exten- 
sive resection. 

MARTIN A. Anson, MD, Rochester, Minn: 
I enjoyed Dr. Watts’ presentation very 
much. I will present two cases and ask the 
authors or Dr. Jordan to consider classifi- 
cation of the second case, since I did not 
have an opportunity to read the manu- 
script with its review of classifications. 

The first patient is a 34-year-old woman 
treated surgically by my colleague, Dr. 
McIlrath. She had two siblings, each of 
whom had both hepatic and renal disease. 
She had a portacaval shunt for esophageal 
varices ten years previously, as well as 
cholecystectomy, at which time it was 
found that she had liver disease of inde- 
terminate origin. She came to us with pru- 
ritus and severe sepsis. 

A percutaneous transhepatic cholangio- 
gram showed a striking picture of massive 
bilateral cholangiectasis, massive dilation 
of the common duct, and some ampullary 
narrowing, but easy entry of media into 
the duodenum. 

This patient was treated by choledocho- 
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jejunostomy Roux-en-Y, but she died post- 
operatively due to severe persisting sepsis. 

At autopsy, she was found to have med- 
ullary sponge kidneys or a variant of poly- 
cystic renal disease in addition to findings 
consistent with Caroli disease. 

I believe that this case emphasizes the 
importance of attempting to define the na- 
ture of cholestatic hepatic disease at a 
remediable stage—to objectify ductal ab- 
normalities by roentgenographic means. 

Dr. Judd attributed a partial quotation 
to me the other day that I wish to clarify. 
He referred to my preference for trans- 
hepatic cholangiography over retrograde 
transduodenal studies. This preference re- 
lates chiefiy to the evaluation and treat- 
ment of strictures in that transhepatic in- 
jection does provide a map for reaching 
the stricture, whereas a retrograde study 
will not show the extent of change proxi- 
mally in the biliary tree. 

The second patient I attended person- 
ally. A 47-year-old woman was first seen 
about six months before marked biliary 
ductal changes became evident. She had 
pain, fever, and mild jaundice, and was 
thought to have Boeck sarcoid or eosino- 
philic granuloma. Exploratory operation 
by one of my colleagues revealed multiple 
nodules in the right hepatic lobe. Biopsy 
examination revealed coagulative necrosis, 
and cultures of the nodules at that time 
were negative. 

An initial postoperative T-tube cho- 
langiogram showed a tiny tuft of dye 
pooled near a terminal duct on the right. A 
few weeks later, similar pooling was seen 
near a terminal duct closer to the bifurca- 
tion. 

The patient continued to have severe 
sepsis, and the ductal changes progressed 
with massive intrahepatic ductal dilation 
restricted to the right side of the liver. 
There was no evidence of any stricture 
downstream from the marked cholangiec- 
tasis. 

The left duct was normal despite the de- 
velopment of massive abscesses in the di- 
lated ducts on the right side. I finally 
treated this patient successfully by right 
hepatic lobectomy and she remains well af- 
ter four years without the development of 
any hepatic disease in the remaining left 
lobe. 

I have two questions for Dr. Watts. One 
is, how would he classify this second case, 
since it is unilateral without stricture? The 
second question is whether one can fairly 


classify his reported cases as Caroli dis- 
ease when there is stricture distal to the 
dilated intrahepatic ducts? 

Dr. LoRENzO: I wish to thank Drs. Jor- 
dan and Adson for their stimulating com- 
ments and observations. 

In answer to Dr. Jordan’s questions, I 
agree that when congenital anomalies in- 
volving organs other than the liver or the 
extrahepatic ductal system, such as medul- 
lary sponge kidney or renal tubular ec- 
tasia, the prognosis is often complicated by 
the presence of the second anomaly. 

Congenital origin of this disease is sus- 
pected only on the basis of clinical evidence 
such as onset of symptoms in early life and 
the association with other congenital 
anomalies. 

Dr. Jordan made a pertinent point about 
the conservative treatment initially. The 
second case presented was an example of 
conservative management. The topograph- 
ical distribution as shown in the operative 
cholangiogram suggested that the patient 
was a suitable candidate for left hepatic lo- 
bectomy; however, because of the early 
structural changes, it was decided to use a 
conservative approach and defer hepatic 
lobectomy until symptoms recur. 

Dr. Adson brought up a unique example 
of rapid progression of the disease involv- 
ing the right lobe of the liver. With the ra- 
diologic information presented, I would 
consider this to be unilobar involvement. 
Filling of the small radicals in the left lobe 
of the liver was not seen clearly. Whether 
these are true strictures with sacular dila- 
tation or dilatation in between relatively 
normal ductal channels is controversial. 
The second case presented was an example 
of true stricture at the junction of the left 
hepatic duct. However, the postoperative 
cholangiogram on the third patient raised 
the question of relatively normal channels 
and saccular dilatations. 

I like to stress two points: one is the im- 
portance of the operative cholangiogram, 
not only as an important tool in making 
the diagnosis of the disease, but outlining 
the topographical distribution in order to 
select the most adequate surgical treat- 
ment. Second, in those patients who have 
drainage procedure as a definitive treat- 
ment, stasis remains an important factor 
for future development of cholangitis. 
Therefore, long-term follow-up study and 
therapy with antibiotics is essential in the 
treatment and follow-up studies in this 
group of patients. 
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Primary Hepatic Malignant Lesions 


Martin A. Adson, MI, Patrick F. Sheedy, MD, Rochester, Minn 


Experience with 30 hepatic resections for 
primary malignant neoplasms is reported, 28 
of the lesiens being hepatocellular or cho- 
langiolar carcinomas. None was associated 
with hepatic cirrhosis, since carcinomas as- 
sociated with cirrhosis were invariably unre- 
sectable. More than half of the liver required 
resection im 23 instances. In 21, complica- 
tions were absent or minor. Although sur- 
vival data were satisfying (six of 13 patients 
eligible for five-year *ollow-up lived for five 
years), only foer of the 13 who lived for five 
years are siill alive The operation is recom- 
mended as a palliative procedure. 


pe: years ago, I (M.A.A.)' re- 
ported to this association my 
personal experience with a small 
series of patients who had had he- 
patic lobectomy. That group con- 
tained six patients who had primary 
hepatic malignant neoplasms. Since 
then, 24 similar lesions have been re- 
sected. Also. in that interval, addi- 
tienal reports concerning the natural 
history of such tumors,’ improved 
techniques fer hepatic resection,’ re- 
finements of diagnostic methods,*’ 
and surviva stucies of treated pa- 
tients™™-" ave become available. 
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This review emphasizes the value of 
angiography in the preoperative eval- 
uation, the use and some limitations 
of conventional techniques for hemo- 
stasia, and provides encouraging data 
on the long-term survival of 30 pa- 
tients who underwent hepatic lesion 
resection. 


Types of Tumors 


Twenty-eight of the 30 lesions were 
hepatocellular or cholangiolar carci- 
nomas; one lesion was a cystadeno- 
carcinoma and one was a carcinoma 
arising from the hepatic ductal bifur- 
cation. Although a few lesions ex- 
tended across the interlobar plane, 
and although a satellite multicentric 
growth adjacent to the main tumor 
mass was occasionally present, most 
of the tumors were solitary and con- 
fined to a single hepatic lobe. In con- 
trast to the reported experience in 
Asia,’ none of the lesions was associ- 
ated with cirrhosis of the liver. We 
have seen this association frequently, 
but in each instance, the lesions were 
multicentric, involved both hepatic 
lobes, and were unresectable. Also, 
the lesions in our series, with five 


Read before the 81st annual meeting of the 
Western Surgical Association, Houston, Nov 17, 
1973. 

Reprint requests to Mayo Clinic, 200 First St, 
Rochester, MN 55901 (Dr. Adson). 


exceptions, were relatively differ- 
entiated, in contrast to the rapidly 
growing “hurricane tumors” com- 
monly reported in the South African 
literature. ° Debate about the ma- 
lignant nature of the more slowly 
growing carcinomas reported in our 
series is pointless because half of the 
patients with such lesions have died 
of metastasis, and others are alive 
with evidence of disseminated dis- 
ease. With the exception of the five 
patients with undifferentiated malig- 
nant lesions, three of whom have 
died, the tumors of long-term and 
short-term survivors were similar his- 
tologically. 


Diagnosis 


All patients in our series were 
symptomatic before treatment. The 
most common symptom was abdomi- 
nal discomfort, which led to the dis- 
covery of a mass that either was eas- 
ily palpable or roentgenographically 
was seen displacing the stomach or 
the colon. Pain associated with rup- 
ture and intraperitoneal hemorrhage 
from the tumor was the initial symp- 
tom for two patients, and jaundice in- 
cident to ductal compression or ob- 
struction by necrotic tumor debris 
was the first sign of illness for three 
others. 
It is reasonable to ask what diag- __ 
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Fig 1.—Left, Selective hepatic artery injection with tumor supplied by branches of both 


right and left hepatic arteries (top two arrows). Retrograde flow is seen in portal vein, which 
is partially obstructed by tumor thrombus (lower arrow). Right, Venous phase demonstrat- 
ing involvement of both right and left lobes and retrograde hepatofugal flow in esophageal 
varices. These findings are unequivocal evidence of unresectability. 


nostic measures are appropriate when 
there is suspicion of an intrahepatic 
mass. Knowledge of the precise loca- 
- tion, extent, and possible multiplicity 
of lesions (as these factors relate to 
potential resectability) has more 
practical importance than does preop- 
erative histologic study or a laborious, 
costly search for an extrahepatic pri- 
mary tumor. When the presence of a 
potentially resectable lesion justifies 
surgical evaluation in any event, pre- 
operative sigmoidoscopic examina- 
tion is essential and economical. How- 
ever, preparation of the bowel for 
safe management of a possible pri- 
mary colonic malignant lesion is a 
reasonable alternative to roentgen- 
ographic studies using barium. 

Histologic study of the hepatic le- 
sion is relevant. However, preopera- 
tive percutaneous needle biopsy in- 
volves errors in sampling, hazards of 
hemorrhage from vascular lesions, 
and risks of intraperitoneal seeding 
of some tumors. The one cystadeno- 
carcinoma in our series had been nee- 
dled diagnostically prior to surgical 
consultation, and operation disclosed 
diffuse intraperitoneal seeding of cyst 
contents. Thus, we have reserved per- 
cutaneous needle biopsy for lesions 
that are unresectable, as evidenced by 
clinical or angiographic findings (Fig 
T): 

The hepatic scintiscan is a safe 
technique that is useful in evaluating 
patients suspected of having hepatic 
neoplasia. However, such studies have 
significant limitations with respect to 
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the detection of small multicentric 
lesions and difficulties in differ- 
entiation of peripheral lesions from 
normal variations in hepatic outline, 
particularly with reference to the left 
hepatic lobe. Most important, the 
scintiscan does not show relationships 
between a lesion and relevant surgi- 
cal anatomy (Fig 2, top). Tomograms 
taken after administration of tho- 
rium dioxide have similar limitations. 

Many of the deficiencies of other 
diagnostic methods are compensated 
for by angiographic techniques. Some 
small lesions, undetectable on the he- 
patic scan, may be visualized; also, 
demonstration of a tumor’s relation- 
ship to intrahepatic blood vessels is 
the best assessment of operability 
and is a valuable guide to operative 
management. The venous phase of a 
selective splenic arterial injection 
shows the relationship of a tumor to 
the portal vein and its bifurcation 
(Fig 2, bottom); and selective injec- 
tion of the hepatic artery or arteries 
reveals essential information regard- 
ing potential resectability (Fig 2, cen- 
ter). Most helpful has been the dem- 
onstration of separate origins of 
right and left hepatic arteries (Fig 3 
and 4), an anatomic variation that 
has permitted the removal of some 
centrally located lesions that would 
have encased a normally bifurcating 
single hepatic artery. Although phleb- 
ographic study of the inferior vena 
cava may give information concern- 
ing operability, we have used this 
technique infrequently. 








Fig 2.—Hepatic scintiscan (top) shows le- 
sion encroaching on interlobar plane. He- 
patic arteriogram (center) shows single he- 
patic artery without evidence of encasement 
at bifurcation. Venous-phase splenic arterio- 
gram (bottom) shows proximity of tumor to 
portal venous bifurcation. 


Surgical Technique 


Technical problems of hepatic re- 
section are related to the location of 
the liver high beneath the rib cage, its 
unfortunate configuration, and its 
complex vasculature. In contrast to 
the safety inherent in dealing with 
unilateral disease in paired organs 
and the surgical advantages of the 
conveniently narrow isthmus of some 
bilobate organs, the interlobar plane 
of the liver coincides with this organ’s 
greatest girth and straddles the infe- 
rior vena cava. 

Although the segmental distribu- 
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Fig 3.—Hepacic arterogram (left) shows major hepatic artery en- 
cased by tumor. Simuseic phase (center) shows better size and ex- 


tion of vaseular afferentia and biliary 
ducts makes pessible segmental or 
lobar resections,’ arborizations of 
these structures are located inconve- 
niently within the hepatic substance. 
Also, the inserlobar pcsition of the ef- 
ferent vascwature, particularly the 
middle hepatic vein, may complicate 
the management: of scme lesions that 
eneroach on the :nzerlobar plane. 
Ideally, this vein, which drains the 
anterior segment of the right hepatic 
lobe and the medial segment of the 
left, should be preserved during 
hemihepatectomy. Interruption of the 
vein without resection of both of 
these segmerts probably causes he- 
patie congestion, which may account 
for the metabolic disturbances re- 
ported by some authors. 

Of greatest -mportance are the 
technical difficulties related to the in- 
terdependence of hepatic, splanchnic, 
and systemic cireulations. This inter- 
relationship makes circulatory isola- 
tion of the liver difficult and compro- 
mises efforts to secare a completely 
bloodless field 

Techniques useful in the safe con- 
duct of major hepatic resections in- 
clude (1) control of small vascular tri- 
butaries in the parenchymal plane of 
resection, (2) identification and con- 
trol of major primary branches of the 
hepatic artery, portal vein, and he- 
patic veins serving a resected lobe, 
and (3) total or partial circulatory iso- 
lation of the liver used with or with- 
out hypothermia. 

The need ñor mere sophisticated 
methods for hemestasia are related to 
the proximity of the tumor to the in- 
terlobar plane. Lesions remote from 
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the hilar bifurcations and vena cava 
may be removed while the normal 
parenchyma between the tumor and 
these structures is compressed. Tem- 
porary occlusion of hepatic afferentia 
in the hepatoduodenal ligament may 
further minimize blood loss during 
such dissections, and blunt dissection 
facilitates identification of vessels 
and bile ducts, the smaller of which 
are conveniently controlled by he- 
mostatic clips. 

The need for preliminary identi- 
fication (and, when possible, ligation) 
of major vessels becomes apparent in 
the management of tumors that en- 
croach on the interlobar plane, be- 
cause the hepatic artery and portal 
and hepatic veins may be displaced 
and distorted by such tumors. 

The advantages of total circulatory 
isolation of the liver become obvious 
when the tumor encroaches on or ad- 
heres to the vena cava. Heaney’s ma- 
neuver® (which consists of temporary 
occlusion of the aorta below the dia- 
phragm, the hepatic afferentia, and 
the vena cava above and below the 
liver) seems particularly suited to the 
elective resection of the tumor. Al- 
though the use of caval conduits as 
described by Schrock et al‘ and 
McClelland et al? has been recom- 
mended chiefly for the management 
of traumatic evulsions of hepatic 
veins or caval trauma, these or sim- 
ilar techniques probably will become 
basic in the management of elective 
resections as well. 

There is debate about the use of T- 
tube drainage of the common bile 
duct after hepatic resection. Skepti- 
cism regarding such drainage for the 





tent of lesion. Resection was feasible owing to presence of separate 
left hepatic artery shown on midaortic injection (right). 


prevention of hemobilia seems justi- 
fied, and the potential risks of T-tube 
drainage have been emphasized by 
Lucas and Ledgerwood.?! T-tubes 
were not used in most of our resec- 
tions; however, in the management of 
centrally located tumors, precise iden- 
tification of the biliary ductal bifurca- 
tion may be impossible without place- 
ment of a tube or probe within the 
duct to be preserved. Also, upward ir- 
rigation of the remaining major duct 
may disclose leaks from small trib- 
utaries that are otherwise undetect- 
able. After the common duct has been 
opened in such circumstances, the use 
of T-tube drainage is more reason- 
able than is primary closure—partic- 
ularly when the tube can be useful in 
evaluating transient postoperative 
jaundice or external biliary fistulas. 


Surgical Treatment and Results 


All but seven of the 30 tumors were 
so large that they required removal of 
half or more of the liver. Although 
the loss of blood associated with re- 
moval of large portions of the right 
hepatic lobe was, at times, distress- 
ingly great, it is reasonable to con- 
sider our operative mortality in rela- 
tion to the 23 truly major resections. 

Although total circulatory isolation 
was effected by Heaney’s technique 
in only one case, this maneuver prob- 
ably would have prevented the one 
operative death—that from uncon- 
trollable hemorrhage during removal 
of a large tumor of the caudate lobe 
that embraced the inferior vena cava. 

In recent years, we have been pre- 
pared to use a caval conduit; but en- 
countering no case in which its use 
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encasement of hepatic artery to left of T- 
tube placed at previous operation for stent- 
ing of obstructed ductal bifurcation sug- 
gests unresectability. However, resection was 
feasible owing to presence of separate right 
hepatic artery arising from superior mesen- 
teric artery shown on selective arteriogram 
(center). Roux-en-Y-limb anastomosis to an- 
terior and posterior right hepatic ducts after 
left total lobectomy shown (bottom). 


was essential and fearing complica- 
tions during placement or removal, 
we have resorted to familiar tech- 
niques for hemostasia. Mastering 
such techniques, however, is impor- 
tant. In our series, during resection, 
eight patients required from 5 to 10 
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Fig 5.—Length of survival of 20 patients who had primary hepatic malignant lesions re- 








sected (Rx) three or more years ago. Dots on horizontal bars denote reoperations for recur- 
rences or metastasis; OD represents operative death. 


units of whole blood and five patients 
required more than 10 units. 

Of the 30 patients, 21 had either no 
postoperative complications or only 
minor ones, and they were dismissed 
from the hospital 7 to 16 days after 
resection. Although temporary exter- 
nal biliary fistulas through preplaced 
tubular drains, or subphrenic collec- 
tions despite such drainage, required 
longer periods of observation and 
treatment, only one patient was hos- 
pitalized for more than one month (43 


days). 
Significant metabolic distur- 
bances*™-?! (hypoproteinemia, pro- 


thrombin deficit, and ascites) were 
observed in only one patient, whose 
remaining lateral segment of the left 
hepatic lobe was drained by a nar- 
rowed left hepatic vein. These phe- 
nomena probably result from an im- 
balance between hepatic afferent and 
efferent circulations, thus producing 
hepatic engorgement. 


Seven of the 30 patients required 
reoperation one to four years after 
the initial resective surgery (Fig 5): 
two for removal of multicentric tu- 
mors in the remaining lobe, two for 
unresectable recurrences causing 
jaundice or gastric outlet obstruction, 
two for removal of pulmonary, cere- 
bral, or bony metastasis, and one 
(whose tumor had ruptured preopera- 
tively) for removal of large intraperi- 
toneal metastatic lesions. This last 
patient is still alive nearly ten years 
after initial operation, having had 
two large intraperitoneal masses sub- 
sequently removed. 

Length of survival after resection 
of these primary hepatic malignant 
lesions has been encouraging (Fig 5): 
three of the four patients treated ten 
or more years ago have lived for more 
than ten years; six of the 13 patients 
eligible for five-year follow-up have 
lived for more than five years; and 16 
of 19 patients eligible for three-year 
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follow-up have lived for three years 
or more. Ose of the ten patients 
treated less -han three years ago has 
died from metastasis, and three are 
alive with recurrent tumor. 

These dete, and the fact that 16 of 
the 30 patients 2ither have died or are 
alive with recurrence, reflect pallia- 
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JOHN P. He_Ney, MD. San Antonio, Tex: 
I enjeyed Dr. Adson’s scholarly presenta- 
tion, and am =specially impressed by the 
precise way ir which he delineated the in- 
trahepatic pahologie ‘indings preopera- 
tively. 

Vascular is-lation of the liver, which I 
first pecommeaded in 1948, is here to stay. 
The matter of whether one should occlude 
the vena cavar ase an intracaval conduit 
during operation is one of preference. I 
have not found it essential or even advan- 
tageous for tl= patient; apparently it does 
help some piysicians to accept our sugges- 
tien to isolate the liver. 

I would like to recommend to Dr. Adson 
that he simply insert a tube upward 
threugh the femoral vein, as Dr. Cooley did 
a number of years ego when he isolated 
the right atrium during extracorporeal cir- 
culation. He paced the end of the femoral 
catheter abow the superior vena caval 
tape for superor vena caval drainage. Ad- 
ditional holes were made below the lower 
tape, which eacircled the intrapericardial 
inferior vena cara. In this way, he ob- 
tained venou drainage for the extra- 
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tion rather than cure in most in- 
stances. The favorable results of 
treatment are, to a considerable ex- 
tent, due to the slow growth of these 
relatively differentiated malignant 
lesions and the absence of concomi- 
tant hepatic cirrhosis. However, be- 
cause all patients were symptomatic 
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Discussion 


corporeal pump while the atrium was iso- 
lated for surgical procedures. 

Using that same tube and route, the he- 
patic section of the vena cava might be iso- 
lated by an encircling tape placed about 
the inferior vena cava intrapericardially 
from below and a second tape just above 
the renal veins. Openings in the catheter 
would be at its upper tip and below the re- 
nal veins. This intubation would thereby be 
accomplished without need to violate the 
chest cage or pleural spaces. 

Though I once used wider exposure, 
the horrendous incisions advocated by 
McClelland, Streichen, Miller, and Blaisdell 
for insertion of an intravenacaval shunt 
are totally unnecessary and comparable to 
the use of interscapulothoracic amputation 
for eradication of a lesion wholly confined 
to the wrist. 

I would like to ask Dr. Adson one ques- 
tion: since the only patient in which you 
used my technique is living and well sev- 
eral years later, how can you justify retro- 
gression to a technique that too often re- 
quires 10 or more units of blood, in this era 
in which safer techniques are available? 


before operation, survival after resec- 
tion can be compared with the re- 
ported natural history of this disease 
in untreated patients, which has a 
mean survival of six months after the 
onset of symptoms. 
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Does it not seem more appealing that you 
press on to familiarizing yourself with the 


simpler and faster technique for the sake 


of your patients? 

The tape encirclement of the inferior 
vena cava is safe; it requires less than ten 
minutes to carry out. In the two dozen or 
more instances in which I have performed 
this maneuver in vivo, I have not had a 
complication. 

F. WILLIAM BLAISDELL, MD, San Fran- 
cisco: Dr. Adson is to be commended for a 
very nice series of liver tumors. Dr. Robert 
Lim has monopolized the San Francisco 
General resections for liver tumors. Most 
of his cases have consisted of hepatomas. 
There is a great advantage to be gained 
from the ability to isolate the liver and 
control hemorrhage when dealing with 
these very vascular tumors. 

Most of my personal experience with 
liver resections has been with the manage- 
ment of trauma. I would agree with Dr. 
Heaney that the indications for opening 
the chest are less the more one becomes fa- 
miliar with the management of liver le- 
sions. At the present time, I rarely open 
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the chest except when there is a combined 
thoracicoabdominal injury, but that does 
occur frequently in some very bad liver in- 
juries. 

The techniques that we use in the man- 
agement of trauma when we have severe 
hemorrhage is first to occlude the portal 
triad with a vascular clamp. This will often 
control the bleeding so that the bleeding 
points can be isolated and dealt with. 
When there is an unusual injury such as a 
gunshot wound of the vena cava or blunt 
traumatic injury of the hepatic veins, some 
other type of control may be necessary. A 
catheter can be inserted through the atrial 
appendage almost bloodlessly, particularly 
in the patients who are hypovolemic. 

The technique of simply occluding the 
vena cava is not applicable as this inevita- 
bly cuts off two thirds of the venous return 
and usually results in cardiac arrest. 

One alternative that we have used on 
several occasions is to place the catheter 
through the infrarenal vena cava, cut side 
holes to correspond to the renal veins, and 
sacrifice return from the infrarenal vena 
cava. This technique is described in Mad- 
ding’s book Trauma to Liver. 

ROBERT N. McCLELLAND, MD, Dallas: I 
want to say first that I agree with Dr. Hea- 
ney’s comment that an excessively large, 
standard right thoracicoabdominal incision 
is not necessary, or desirable, for perform- 
ing liver resections, either electively or for 
trauma. However, we do feel that ade- 
quate and safer exposure is obtained with 
an incision that is smaller than the thorac- 
icoabdominal incision but larger than the 
simple midline abdominal incision recom- 
mended by Dr. Heaney. During the past 
two years, it has been our experience at 
Parkland Hospital in Dallas that extension 
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of an upper midline abdominal incision 
into a combined abdominal-median ster- 
notomy incision provides excellent expo- 
sure for major hepatic resections. This in- 
cision is easily and rapidly made and 
closed. Moreover, it is associated with min- 
imum postoperative morbidity in contrast 
to the standard right thoracicoabdominal 
incision. We learned of this approach from 
an article written by Don R. Miller, MD, of 
the University of Kansas Department of 
Surgery (Ann Surg 175:193-196, 1972). We 
have preferred to use median sternotomy 
incisions for major hepatic resections since 
learning of this approach. 

A further advantage of the median ster- 
notomy is that it allows rapid and easy in- 
sertion of an intracaval shunt through the 
right atrial appendage. Such intracaval 
shunts as described by Dr. Blaisdell and 
his colleagues, are seldom required to per- 
form hepatic resections, but shunts may be 
lifesaving as being the only way to stop 
bleeding from extensive injuries of major 
hepatic veins or the intrahepatic vena cava 
long enough to repair them. Although we 
have described an intracaval shunt that is 
inserted through the infrahepatic vena 
cava, we now prefer the type of shunt de- 
scribed by Dr. Blaisdell since we have be- 
gun using the median sternotomy approach 
for hepatectomies. 

Jack R. Gustarson, MD, Yakima, Wash: 
I, too, would like to commend Dr. Adson on 
a very courageous and aggressive ap- 
proach to these difficult resections. 

I would only like to mention a technical 
maneuver in transecting the parenchyma 
that was described at the American Col- 
lege of Surgeons meeting about three 
years ago. Unfortunately, I do not remem- 
ber the author. 
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This maneuver consists of fracturing the 
parenchyma along the line of incision 
using the handled end of the scapula and 
irrigating the line of incision with iced 
saline. It is amazing how nicely it controls 
the bleeding from the smaller venous capil- 
laries and allows one to see the major ves- 
sels and use hemoclips effectively. It re- 
duces the number of suture ligatures 
necessary and requires less time and less 
blood. 

Dr. Apson: Dr. Heaney’s two questions 
are, I think, interrelated. I have not used 
his clamping technique more often because 
I have feared cardiac arrest. However, in 
speaking with him more recently, I think 
we have less to fear in that regard in the 
patient who is not traumatized and is not 
hypovolemic at the time of resection. 

Blood loss in my recent 10 or 15 patients 
has been distinctly less than in the earlier 
series, and, for that reason, I have not 
been strongly motivated to use other tech- 
niques. However, I believe I made it clear 
in my presentation that I am interested in 
other techniques and I am probably using 
antiquated methods; this was specifically 
my reason for inviting the discussants that 
I did, hoping that they could teach me 
something. 

I am grateful for the discussants’ com- 
ments and instruction, and I hope that I 
can return in a few years with a report of 
having used their methods successfully. 

I think it is important to emphasize that 
one should be familiar with many tech- 
niques for hemostasia. I have just learned 
from Dr. Gustafson that there is another 
tool in the tool box that one can use to sim- 
plify the parenchymal dissection during 
hepatic resections. 
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Hypercoagulability 
‘Thrombelastographic Monitoring 
During Extensive Hepatic Surgery 


William S. Howland, MD; El B. Castro, MD; 


Jeseph B. Fortner, MD; Paddy Gould, RN, New York 


Extensive hepatic surgery is often associ- 
ated with coazgulopathies. The thrombelasto- 
graph, a mechanical system that uses small 
(0.5 mi) whole-blood samples, can detect hy- 
percoagulability, plasma factor deficiencies, 
decreased platelet function, and fibrinolysis 
and heparin scdium effect. In 19 patients un- 
dergoing extensive hepatic surgery, five 
showed hypereoagulability prior to induction 
of anesthesia and four developed this condi- 
tien during surgery. All instanees of hyper- 
coagulability were successfully treated with 
small doses (1,000 to 2,000 units) of hepa- 
rin sodium. 


he liver is the majer site of 

synthesss for most, if not all, 
plasma coagulants. In addition, the 
normal liver is capable of removing 
activated dotting factors and plas- 
minogen aetivator from the circula- 
tion.’ Clottmg abnormalities have 
been described with cancer of the 
liver and partial hepatectomy. The 
techniques af hepatie lobectomy and 
liver transpkantation used at Memo- 
rial Hospita also require the use of 
perfusing solutions that contain 
heparin sodium ard are capable of 
causing alterations in the clotting 
mechanism. * 

The infermation afforded through 
thrombelastography ts ideally supple- 
mented by a coagulation screen. 
However, in our experience, the latter 
is not always available nor are the re- 
sults ebtained rapidly enouga when 


extensive liver surgery is performed. 
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utilized the 


we have, 
thrombelastograph (TEG) for moni- 
toring these patients and detecting 
hypercoagulability, plasma factor de- 
ficiencies, decreased platelet function, 
and fibrinolysis. 


Therefore, 


Methods 


A coagulation test consisting of determi- 
nations of activated partial thromboplas- 
tin time, prothrombin and thrombin times, 
fibrinogen level, fibrin degradation prod- 
ucts, euglobulin lysis, and platelet count 
was used to monitor coagulation in pa- 
tients with abnormal livers, when avail- 
able. 

The TEG samples were obtained preop- 
eratively, at the start of operation, pre- 
perfusion, postperfusion, at the end of 
hepatic surgery, postoperatively, and 
whenever indicated. 

The TEG is a mechanical optical system 
in which blood covered with a layer of oil is 
placed in an oscillating metal cup. A steel 
cylinder attached to a torsion wire is then 
lowered into the cup. During the process of 
clotting, fibrin strands attach the cylinder 
to the cup and the oscillations are trans- 
mitted through the wire to a recording de- 
vice to form the thrombelastogram (Fig 
1). The longitudinal values on the 
thrombelastogram are timing values and 
the transverse values reflect the clot’s dy- 
namic properties. The “r” value represents 
the enzymatic phenomena preliminary to 
fibrinogen clotting and is very responsive 
to changes in the thromboplastin plasma 
procoagulants. The mean value is 12 min- 
utes with a range of 8 to 14 minutes. The 
“am” value is the greatest transverse am- 
plitude of the graph and is a direct func- 
tion of the maximum dynamic properties 
of fibrin, and the level of calcium, other 
plasma factors, and especially platelets. 
The slightest platelet abnormality, 
whether qualitative or quantitative, sub- 
stantially disturbs the am value. A value 
less than 40 mm indicates inadequate 
platelet function or a deficiency of fibrino- 
gen or both. A decrease in fibrinogen is 


probably present if diminution of the am - 





value is associated with evidence of a de- 


crease in other plasma factors. If the fi- 
brinogen level is constant, a platelet range 
of 50,000 to 1,250,000/cu mm produces a 
corresponding increase in the am value, 


ranging from 35 to 69 mm. An excess of fi- — 


brinogen may mask a platelet deficiency 
by restoring the am levels to normal val- 


ues. 


The technique and anesthetie complica- 
tions of isolation perfusion during hepatic 
lobectomy have been described previously. 
When the liver is restored to the systemic 
circulation, the heparinized perfusate may 
produce a heparin effect on the patient. 

The same condition oceurs in hepatic 
transplantation as the donor liver is per- 


fused with a heparin sodium solution con- | 


taining 10,000 units/1,000 ml during the 
period it is outside the body before trans- 
plant. 

Massive blood replacement in this series 
was managed as previously described with 
blood warming, buffering with sodium bi- 
carbonate every 5 units, and use of fresh 
frozen plasma for every 10 units of blood." 

All patients were anesthetized with mor- 
phine, gallamine triethiodide, and nitrous 
oxide after intubation with thiopental so- 
dium and succinylcholine. 


Results 


In this series, there were one or- 
thotopic and three heterotepic aux- 
iliary liver transplants and 15 exten- 
sive hepatic resections. These cases do 
not represent the total Memorial Hos- 
pital experience with liver surgery 
but only the latest series in which co- 
agulation monitoring was extensive 
and available. 

In most patients with liver cancer, 
there is elevation of both platelet 


counts and fibrinogen levels, the base — 


line measurements exceeding the 
generally accepted standards of 250 
to 450 mg/100 ml for fibrinogen and 
150,000 to 350,000/cu mm for plate- 
lets. In this series, the fibrinogen lev- 
els were elevated in the majority of 
cases. Sixteen patients had fibrino- 
gen levels greater than 450 mg/100 
ml. Platelet counts were between 
150,000 and 350,000/cu mm in ten pa- 
tients and greater than 350,000/cu 
mm in five. In two liver transplants, 
one auxiliary and one orthotopic, the 
preoperative fibrinogen level was 
lower than 250 mg/100 ml and the 
platelet count was below 150,000/cu 
mm. Both patients showed hyper- 


coagulability on the thrombelasto- 
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Table 1.—Changes in Fibrinogen 
and Platelet Levels Between 
Work-Up and Operation 


% Change* 


Fibrin- Plate- 
ogen lets 


TEG, “r” 
Value, 
min (sec) 

1 18.4 7 (20) 
2 25.9 11 (25)t 
3 10.1 13 (30) 

4 res 
5 16.0 24.7 13 (45) 


9 8.9* 10.3* 13 (10) 
10 34.7 25.3 5 (20) 
* Percents of change are decreases except 
where indicated by asterisk. 
t Two hours later, “r” value, four minutes 


and 25 seconds. 
ł Heparin given only in cases 1 and 10. 


gram prior to the start of surgery. 

There is usually a fall in platelet 
and fibrinogen levels between the ini- 
tial studies in the ward and the values 
first obtained in the operating room 
(Table 1). Although there was no sig- 
nificant difference by the Student t 
test between these two values, there 
were three patients in whom the 
magnitude of the change was sub- 
stantial. Two were hypercoagulable 
on arrival in the operating room and 
the third developed hypercoagu- 
lability two hours later. 

Thrombelastograph changes sug- 
gesting hypercoagulability occurred 
in five of the 19 patients prior to the 
induction of anesthesia and in four 
patients in association with abnormal 
bleeding during surgery. All nine pa- 
tients were treated with small doses 
of heparin and in the last four pa- 
tients the abnormal bleeding ceased. 

Five of the patients (Table 2) had 
no clotting abnormality on thromb- 
elastogram or coagulogram. In the 
two patients with a normal thromb- 
elastogram and an abnormal coag- 
ulogram, there was no excessive 
bleeding. 

Another abnormality in this series 
was a heparin effect from the perfu- 
sate, which occurred in five patients 
and required protamine sulfate in 
one. One patient required amino- 
caproic acid for fibrinolysis, and ther- 
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Table 2.—Comparison of Measurements and Necessary Therapy 
During Hepatic Surgery 


No. of 


Patients Heparin 





If Short — Hypercoagulability 


Fresh 
Frozen 
Plasma 


Aminocaproic 
Acid 


Protamine | 


Fibrinogen 
and/or 
Platelet 

Deficiency 


Maximum 
Amplitude 


If Prolonged = Plasma Factor Deficiency (or Anticoagulants) 





Fig 1.—Normal thrombelastogram. 


apeutic fresh frozen plasma was re- 
quired in three. 


Comment 


Optimum care of the patient under- 
going liver surgery requires rapid, ac- 
curate, and clinically substantial 
methods of monitoring the coag- 
ulation mechanism. Delays caused by 
delivery time to the laboratory, time- 
consuming tests, limited coverage, 
and misdrawn samples can be avoided 
by the use of the TEG. 

The TEG demonstrates the ability 
of the clot to perform mechanical 
work throughout its structural devel- 
opment. This characteristic of the clot 
is not disclosed by any other coag- 
ulation test, but is the best reflection 
of its hemostatic ability. In order to 
perform its hemostatic function, the 
clot must not only be formed in time 
(the usual measurement shown by co- 
agulation tests), but its structure 
must be constantly adapted to the cir- 
culatory conditions existing in the 


vessels involved in hemostasis. While 
the conversion of fibrinogen to fibrin 
and the subsequent polymerization to 
form clot fibers contributes to the me- 
chanical properties of the clot by 
syneresis (a normal behavior of gels), 
it is the platelets that impart most of 
the dynamic properties to the clot. It 
is this latter factor that is measured 
by the thrombelastogram. 

With the TEG, plasma factor defi- 
ciencies or heparin effect can be as- 
sayed within 15 minutes, hyper- 
coagulability can be ascertained in 8 
minutes, platelet deficiency is appar- 
ent in 20 to 30 minutes, and fibri- 
nolysis can be assessed as it occurs, 
usually within 30 minutes for clinical 
importance. A test for fibrin-degra- 
dation products and a platelet count, 
both of which can be performed with 
the TEG in the operating room, will 
give an accurate and reliable assess- 
ment of the patient’s coagulation 
status. Especially important is the de- 
tection of defects for which therapy is 
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available: fresh frozen plasma for 
plasma factor defictencies (prolonged 
r), platelet cransfusion for platelet 
deficiency (narrewed am), heparin for 
hypercoagulebil*ty ‘shortened r), and 
heparin with oceasional aminocaproic 
acid for fibrimolysis. In this series, the 
early adminstraticn o? heparin for 
hypercoagulebil ty prevented the de- 
velopment of the fibrinolytic pattern. 

The prinemal contribution of the 
TEG is the essessment of the hyper- 
coagulable state before excessive con- 
sumption of clctting factors occurs. 
At this stage, we have been able to 
demonstrate repeatedly that small 
doses of hevarin sedium (1,000 to 
3,000 units; 10 to 30 mg) will reverse 
the thrombelastograrhic pattern and 
step abnormal bleeding. The TEG is 
especially va uaDle in the detection of 
this conditioa, because a decrease in 
the abnormally elevated fibrinogen 
and platelet va ues in patients with 
hepatic cancer may be interpreted as 
normal values, whereas they actually 
represent a fal! of considerable pro- 
portion. 

The second important contribution 
of the TEG s am earlier detection of 
fibrinolysis taar is Jossible with ordi- 
nary laboratery methods, with result- 
ant prompt initiation of therapy. 
Recognition of plasma factor defi- 
ciencies and heparin effect can be ac- 
complished by the usual coagulation 
tests and can be used to supplement 
the TEG. 


Report of Cases 


The value of the TEG in the manage- 
ment of patieats undergoing liver trans- 
plantation or extensive hepatic surgery is 
illustrated by the fo lowing three cases. 
Case 1 is of am auxiliary liver transplanta- 
tion, case 2 o an orzhotopic liver trans- 
plantation, ane case 3 3f an extensive right 
hepatic lobe reseccion 

Case 1—A 4-year-cld boy, weighing 
16.7 kg (36.7 Ð), with biliary atresia, un- 
derwent auxiliarr liver transplantation. 
The preoperat-ve Sibrmegen level was 152 
mg/100 ml, the platelet count 102,000/cu 
mm, and the thrombin time 21.8/18 sec 
(control). Levels of fibrin degradation 
preduets were not determined (Fig 2). Due 
to the patient’s small nleod volume, it was 
decided to mpnitor the patient’s coag- 
ulation status with the TEG alone and thus 
avoid the loss of large volumes of blood 
through sampling The thrombelastogram 
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8:15 | 9:08 


TIME: |Pre-op| pm 


TEG: 


FOO | 5:12 
pm am 


Fig 2.—Hypercoagulable state (TEG 1) with consumption of platelets 
and fibrinogen followed by heparin effect (TEG 2), plasma factor deficien- 
cy (TEG 3), and normal clotting mechanism at end of procedure (TEG 4). 


TS | GlO 
Pre-op | pm 


FIB: 
PLATS: 
HEP: 


at the start of anesthesia (8:15 pM) showed 
hypercoagulability and decreased platelet 
activity. As therapy for the hypercoagu- 
lable state, 500 units (5 mg) of heparin 
sodium was administered intravenously 
with a resultant hypercoagulability for the 
next four hours. At the end of this time, 
the thrombelastogram indicated a deficit 
of plasma clotting factors that was treated 
with 250 ml of fresh frozen plasma. The 
operative procedure terminated at 5:12 AM 
with a normal thrombelastogram and no 
signs of bleeding. 

With a normal thrombelastogram show- 
ing good platelet function, the platelet 
count of 62,000/cu mm was not considered 
an indication for platelet replacement. At 


lO:55 
pm om 


-990 17030 1u 

325.0 gesol | __—i: 
Fig 3.—Hypercoagulable state (TEG 1) treated with heparin (TEG 2), reverted 

to hypercoagulability (TEG 3), and responded to larger dose of heparin (TEG 4). 


lOmgms 





the end of the operative procedure, the ris- 
ing fibrinogen and platelet levels were an 
indication of control of the hypercoagu- 
lable process. Total sampling for the coag- 
ulation profile of this patient was 10 ml. 
CASE 2.—A 38-year-old, 81-kg (178.2-lb) 
man with bile duct carcinoma underwent 
orthotopic liver transplantation. Preopera- 
tively, the patient’s fibrinogen level was 
990 mg/100 ml, the platelet count was 
325,000/cu mm, and the thrombin time was 
normal. In the operating room, the pa- 
tient’s fibrinogen level had fallen to 703 
mg/100 ml, and the platelet count to 
265,000/cu mm (Fig 3). The TEG showed 
hypercoagulability and the thrombin time 
was shortened. Fibrin degradation prod- 
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8:30 


TIME |Pre-op}| am 


FIB:| 500| 355 | 245 | 265 | 190 


PLATS:| 385.0} 286.0/2200} 136.0 [I17.0 


2Omgms Nine os 


Fig 4.—Normal tracing (TEG 1) followed by hypercoagulability (TEG 
2), inadequately treated with heparin with resultant fibrinolysis (TEG 3), 
and responding to additional heparin (TEG 4) but with plasma factor deficien- 
cy treated with fresh frozen plasma and resultant normal tracing (TEG 5). 


ucts were not determined. At 8:30 pM, the 
patient received 1,000 units (10 mg) of 
heparin sodium intravenously with a re- 
turn of the thrombelastogram to normal. 
There was no abnormal bleeding and the 
blood loss at this time was less than 500 ml. 
At 10:55 pm, the patient was again hyper- 
coagulable and received a further 2,000 
units (20 mg) of heparin sodium, with, once 
again, a reversion to a normal thromb- 
elastogram at 12:55 AM, despite a marked 
drop of the fibrinogen level from 990 to 290 
mg/100 ml and platelet count from 325,000 
to 130,000/cu mm. At this time, the patient 
had received seven units of packed red 
blood cells (RBC) and the fall in these fac- 
tors was attributed to this source, since 
packed RBC are deficient in both platelets 
and fibrinogen. In addition, there were no 
fibrin degradation products present, and 
replacement of fibrinogen or platelets was 
not considered to be necessary. The TEG is 
the only readily available coagulation test 
that can determine hypercoagulability and 
allow treatment with small doses of hepa- 
rin, before consumption of coagulation fac- 
tors occurs and large doses of heparin are 
required. 

CASE 3.—A 64-year-old, 46.8-kg (102.9-lb) 
woman with a hepatocellular carcinoma 
underwent a right hepatic lobectomy. The 
preoperative fibrinogen level fell from 500 
to 360 mg/100 ml and the platelet count 
from 380,000 to 286,000/cu mm at the start 
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of the surgical procedure. Since the throm- 
bin time was normal, levels of fibrin deg- 
radation products were not determined. 
Three hours after the start of the oper- 
ation, there was evidence of hypercoag- 
ulability on the thrombelastogram, associ- 
ated with prolongation of the thrombin time. 
Despite administration of 2,000 units (20 
mg) of heparin sodium, fibrinolysis was 
still present two hours later, as deter- 
mined by thrombelastogram, a markedly 
prolonged thrombin time, and the presence 
of fibrin degradation products and whole 
clot lysis. An additional 1,000 units (10 mg) 
of heparin sodium was given, and one hour 
later, the thrombelastogram showed only a 
plasma factor deficiency. Surprisingly, the 
thrombin time was normal despite an ele- 
vation in the level of fibrin degradation 
products. After correcting the plasma fac- 
tor deficiency with two units of fresh fro- 
zen plasma, the thrombelastogram was 
normal and no further treatment was 
needed. The patient had bleeding during 
the postoperative period. Since the 
thrombelastogram was normal, she was re- 
turned to the operating room for ligation 
of bleeding vessels. In this patient, the ini- 
tial heparin dosage was inadequate for 
control of the hypercoagulability, and fi- 
brinolysis resulted. 


Conclusion 


The TEG, a simple, easily operated 


mechanical optical system, prov 
adequate assessment of coagula 
abnormalities with small sample 
the operating room. It is espec 
important in the detection and tr 
ment of hypercoagulability, ` 
small doses of heparin, before ex 
sive consumption of clotting fac 
occurs. 
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Discussion 


Dr. FoRTNER: During the past i 
years, there has been a remarkable 
provement in our results with majo1 
patic resection at Memorial Sloan-Ke 
ing Cancer Center. During this perio 
have performed more than 30 majo} 
patic resections with an operative mc 
ity of about 6% and a resectability ra 
45%. 

These encouraging results have 
about largely, we believe, because o: 
use of the liver isolation, cold-perf 
technique to resect the liver and the e 
lent intraoperative support that Dr. ] 
land and his colleagues give us. 

One of the important components oj 
support is the TEG and Dr. Howl: 
ability to monitor exactly what is tran 
ing in this area. He can detect and ch 
terize early abnormalities in the « 
ulation mechanism and carry out rem 
measures before there is a progressi( 
an irreversible state. 

We believe the TEG is a very impo: 
and practical instrument for people i 
ested in liver resection. 
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Gangrene of the Feet 


in Diabetics 


Henry T. G. Wiliams, MB, ChE, FRCS (Eng), FRCS (C), FACS; 
Kenneth J. Hutehinson, MD; Gerdon D. Brown, MD, Edmonton, Canada 


Three etiological factors—ischemia, pe- 
ripheral neurepathy, and infection—underlie 
the development of gamgrene of the feet in 
diabetics. The empnasis on each factor 
varies from patient to patient. A clinical 
classification based on the temperature of 
the foot divides patients with gangrene of 
the feet into three groups that occur with 
equal frequency: (1) necrosis in 2 cold foot, 
(2) necrosis in a kot foct, and (3) necrosis in 
a warm foot. in the first group, a major am- 
putation is the inevitable result. Local exci- 
sion and preservation cf part of the foot is 
possible in al! pavients in the second group. 
It is worth attempting a local excision in the 
third group. as healing will occur in half the 
cases. 


ie o? the feet is a seri- 


ous comodlication of diabetes. 


There are three well-known etiolog- 
ical factors—isehemia, peripheral neu- 
ropathy, and mfection—and the em- 
phasis on each of these factors varies 
from patient to patient. 


schemia 


Ischemia is usuelly due to occlusion 
of amajor proximal artery frequently 
combined with narrowing, irregular- 
ity, and ocelusions in the cistal ar- 
teries below the knee. These changes 
are the result of atherosclerosis with 
secondary thrombes:s, and it appears 
that they develop more exzensively 
and at an earler age in diabetic pa- 
tients than in nondiabetic patients.’ 

The existenee of a specific angi- 
opathy affeetirg the small vessels in 
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the feet is doubtful. At present the 
evidence is against this view.’ 


Peripheral Neuropathy 


There is increasingly good evidence 
that peripheral neuropathy develops 
in patients with poorly controlled dia- 
betes.** The older view ascribed this 
condition to nerve ischemia from an- 
giopathy and infarction’; however, it 
is now believed that metabolic factors 
are more important than vascular 
factors at the time when neuropathy 
first becomes evident. Segmental 
demyelination, which in turn is due to 
a defect in the metabolism of the 
Schwann cells, results in delayed con- 
duction velocity in the nerve. Elec- 
tron microscopical studies of the af- 
fected nerve fibers showed equal 
involvement of medullated and non- 
medullated fibers.’ The main abnor- 
malities are a thickening of the base- 
ment membrane surrounding the 
Schwann cell, deposition of accumu- 
lated metabolic waste products in the 
cytoplasm of the Schwann cell, and, in 
the late stages, breakdown of the 
medullary sheath into separate con- 
centric conglomerates—the so-called 
“onion effect.” These changes in the 
Schwann cells appear to be the direct 
result of hyperglycemia, which pro- 
vokes the conversion of glucose to sor- 
bitol and then to fructose in the ab- 
sence of insulin. These reactions are 
catalyzed by aldose reductase and sor- 
bitol dehydrogenase, respectively, the 
“sugar alcohol pathway.” As a conse- 
quence, there is an increase in cell 
water, a decreased capacity to retain 
sodium and potassium ions, and a de- 
fect in the active concentration of 
amino acids.* 

The relative insensitivity of the 
skin of the foot leads to local skin 
damage from rubbing or pressure. 
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The autonomic nerves are also in- 
volved, resulting in an auto- 
sympathectomy so that the skin of 
the feet and toes becomes dry and 
tends to crack. 

The neuropathy also affects the 
axon reflex-arteriolar vasodilation 
mechanism. Under normal conditions, 
histamine and other vasoactive sub- 
stances liberated at a site of injury 
cause local vasodilation of the capil- 
laries and venules and increase their 
permeability. In this way, the local 
“flush” and “wheal” of the Lewis 
triple response are produced. Arterio- 
lar vasodilation in the surrounding 
tissues depends on the axon reflex. 
A nerve impulse passes proximally 
along a sensory nerve for a short 
distance and then distally along a 
branch that ends at an arteriole. Here 
an effector substance (bradykinin and 
adenosine triphosphate have been 
suggested as possibilities) is released 
to cause arteriolar vasodilation of the 
“flare.” The efficiency of the axon re- 
flex can be readily tested by lightly 
scratching the skin through a drop of 
1:1,000 histamine solution. When this 
was done in 100 normal controls, 
there was a well-developed flare more 
than 5 em in diameter. In contrast, 
when this same test was performed 
on 100 diabetics of at least five years’ 
standing there was either no visible 
flare or a poor flare less than 1.5 cm in 
diameter. The erythema of a good 
flare is characteristically punctate, al- 
though close to the wheal it may be 
coalescent. 

Neuropathy develops slowly and is 
usually found in previously undiscoy- 
ered diabetics or in uncontrolled dia- 
betics. Night cramps and paresthesias 
are the usual symptoms. The physical 
signs are often difficult to elicit, but 
symmetrical loss of vibration sense, 
light touch, and pain may be demon- 
strated, and later there may be foot 
drop and diminution of deep reflexes. 
Perhaps the best clinical evidence of 
neuropathy is the absence ef pain in 
spite of extensive infection and ne- 
crosis in the foot. In spite of good dis- 
tal pulses, the feet feel cold subjec- 
tively and this is due to abnormal vas- 
omotor responses. Poor function of 
the intrinsic muscles of the foot leads 
to clawing of the toes and increased 
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pressure on the prominent metatarsal 
heads so that calluses form in the 
overlying skin. The poor sensation 
also upsets the minor changes in the 
attitude of the foot that normally oc- 
cur on walking in order to relieve any 
pressure or irritation; consequently, 
calluses and blisters form easily. 


Infection 


Diabetics appear to have a reduced 
resistance to infection. Hyperglyce- 
mia significantly reduces phagocyto- 
sis of bacteria, and insulin reverses 
this effect.” The bactericidal action of 
lactic acid (which normal leukocytes 
produce in areas of inflammation) is 
diminished for staphylococci and tu- 
bercle bacilli by the addition of ke- 
tone bodies.’ Furthermore, the weak 
axon reflex results in comparatively 
little arteriolar vasodilation in re- 
sponse to tissue damage. Indeed, the 
slight superficial redness of the skin 
in spite of deep infection and necrosis 
in the foot is characteristic of this 
condition in diabetics. Cultures taken 
from necrotic lesions in the feet of di- 
abetics develop a mixed growth of 
bacteria, but the Staphylococcus 
aureus always predominates. The 
virulent staphylococi produce coag- 
ulase that can lead to thrombosis in 
the small vessels in the tissue around 
an area of infection and so to the de- 
struction of more tissue. 


Pathology 


The usual sequence of events in the 
development of necrosis is that local 
skin damage from minor injuries en- 
ables infection to become established. 
Necrosis occurs as a result of the di- 
rect effect of bacterial toxins and the 
local thrombosis in the small blood 
vessels. The process is aggravated by 
the inefficient inflammatory response 
and the regional ischemia. 


Clinical Classification 


The temperature of the affected 
foot provides a basis for a simple and 
practical clinical classification. In ef- 
fect this grouping of patients de- 
pends on the relative importance of 
ischemia, neuropathy, and infection 
in the cause of the gangrene. Necrosis 
in the foot of a diabetic patient can 
be divided into three groups. 
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Necrosis in a Cold Foot.—These pa- 
tients have a serious arterial insuff- 
ciency with a proximal arterial block, 
a poor collateral circulation, and a 
poor distal arterial bed. The necrosis 
starts as a distal gangrene, usually in 
the great toe, and is essentially senile 
atherosclerotic gangrene occurring in 
a diabetic patient. The necrotic area 
may become infected later. 

Necrosis in a Hot Foot.—The arte- 
rial circulation is good and the poplit- 
eal and distal pulses are palpable. 
However, swelling may make the 
pedal pulses difficult to feel. The con- 
dition develops as an ulcer or sore 
through which infection gets into the 
tissues. Later this progresses to ne- 
crosis, both from the direct effect of 
bacterial toxins and the thrombosis in 
the small vessels. 

Necrosis in a Warm Foot.—In this 
group, there is a proximal block in the 
arterial system with a good collateral 
circulation. The popliteal artery may 
be palpable, but not the distal ar- 
teries. Arteriography shows blocked 
or narrowed and irregular tibial ar- 
teries. The gangrene starts as an in- 
fective necrosis, but the relative is- 
chemia hinders localization. 


Prevention 


The importance of prevention is 
evident when it is realized that it 
takes a greater blood supply to heal 
skin compared with the flow needed 
to keep it alive. 

It is the physician’s responsibility 
to assess the diabetes regularly. This 
is most appropriately done with a 
two-hour postprandial blood glucose 
test. If the results are over 160 
mg/100 ml, a revision of the diabetic 
treatment is indicated. Diabetics over 
the age of 50 with foot lesions have 
marked elevation of their “renal 
threshold.” The renal threshold in the 
patients reported in this study aver- 
aged 231 mg/100 ml, with a range 
from 203 to 375 mg/100 ml. Hence, 
the urine glucose tests were often 
negative despite significant eleva- 
tions in the blood glucose value. The 
feet should be examined and the ped- 
al pulses checked and recorded at each 
visit. Examination may reveal evi- 
dence of neuropathy, and the signifi- 
cance of this should be explained to 


the patient. Any suggestion of skin 
damage or infection calls for a 
prompt consultation. 

The patient and the relatives must 
be educated to appreciate the need 
for good control of the diabetes and 
proper care of the feet. The feet 
should be kept clean and the socks 
clean and comfortable. Shoes should 
be a good fit and must be worn at all 
times. Walking in bare feet is a com- 
mon cause of trouble. The nails must 
be carefully trimmed and calluses and 
corns carefully protected. Twice daily 
the feet should be soaked in warm 
water, dried, and rubbed with lanolin. 
Heat and “corn plasters” should be 
avoided. Perhaps most important of 
all, the feet should be meticulously in- 
spected twice a day; if the patient’s 
eyesight is poor, this should be done 
by a member of the family. 


Treatment 


The earlier a patient reports for 
treatment the better. Strict control of 
the diabetes is essential. Any super- 
ficial collections of pus under calluses 
must be drained freely, and this may 
well prevent erosion of the delicate 
deeper epithelium and the entrance 
of organisms into the deeper tissues. 
The appropriate antibacterial drugs 
should be used, and generally a peni- 
cillinase-resistant penicillin is the 
drug of choice as the predominant or- 
ganism is the coagulase-positive S 
aureus. Lumbar sympathectomy has 
no place in the treatment of infective 
and necrotic lesions of the foot, but if 
and when the foot has healed, it may 
be of value in improving the skin cir- 
culation and making it more resistant 
to damage. 

If necrosis is present, the type and 
extent should be assessed and the ap- 
propriate treatment for each of the 
three groups instituted. 

Necrosis in a Cold Foot.—Arterial 
surgery to improve the circulation 
should be considered. However, it is 
most unusual to find the distal vascu- 
lar bed sufficiently healthy to give 
such surgery a reasonable chance of 
success. The only alternative is a ma- 
jor amputation, if possible below the 
knee, and, failing this, through or 
above the knee. 

Necrosis in a Hot Foot.—The arte- 
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rial cireulation is satisfactory, so a 
thorough excision of all necrotic soft 
tissue and bcne to allow wide drain- 
age is adequate treatment. Care must 
be taken to evoid damage to the cir- 
culation te the remaining living por- 
tions of the feot. The wound should be 
left open to kea! by granulation, and 
nosutures whatsoever should be used. 
Wound contracture will pull the skin 
over the end of the foot and help to 
close the wound. When a good bed of 
granulation tissue has formed, graft- 
ing may be considered. Occasionally 
there is enough healthy skin to ap- 
preximate the skin with tapes. Local 
precedures carried out inelude soft 
tissue excision, toe, ray, and trans- 
metatarsa amputations. However, 
the emphasis should be on the impor- 
tance of thoroughly excising all ne- 
erotic tissue, providing wide drain- 
age, and zhen allowing tke foot to 
heal as best it can rather than trying 
te earry out standard procedures. 

Necrosis in a Warm Foot.—Arterial 
surgery should be considered, but be- 
eause of the poor distal arterial bed it 
is rarely done and rarely successful. 
The time “or arterial surgery is be- 
fore rather than after neerosis has oc- 
eurred. A local excision should be at- 
tempted, and the amount of bleeding 
is a good indieation of the chances of 
healing. The wound is critically exam- 
imed on the third or fourth day. If it 
looks healthy, healing will probably 
take place in time. But if there are 
small areas of neerosis at the edges of 
theskin and the surface of the wound 
has a grayish lock, then healing will 
never occur and 2 major amputation 
‘is called for without delay. 


Results 


In our experience with 86 patients 
over a period ef ten years, 31 had ne- 
crosis in a cold foot, 29 necrosis in a 
hot foot, and 26 necrosis in a warm 
foot. 

Of the 31 patients with necrosis in 
a eald foot, local excision was tried in- 


Areh Surg/Vol 108, April 1974 


advisedly in four anc failed. All 31 
(mean age, 71) had major amputa- 
tions and two of these died. 

All 29 patients (mean age, 65) with 
necrosis in a hot foot kad a successful 
local excision of necrotic tissue. Even 
though the wounds took up to ten 
weeks to heal and eight patients had 
skin grafts, these patients did finally 
have a foot of some real value. 

Three of the patients with necrosis 
in a warm foot had such extensive ne- 
crosis that major amputation was car- 
ried out immediately. The remaining 
23 (mean age, 67) had a local excision; 
11 were successful and 12 showed fur- 
ther necrosis when examined on the 
fourth day and so had major amputa- 
tions. However, when local excision 
was possible, it succeeded in 50% of 
patients. 

In all groups, local excision was 
performed on 56 patients: 29 had toe 
amputations, 6 ray amputations, and 
21 transmetatarsal amputations. The 
transmetatarsal amputation is espe- 
cially useful as it gives a comfortable, 
trouble-free foot. It must always be 
borne in mind that an elderly diabetic 
with failing eyesight is better off 
with a portion of the foot, even 
though the remnant violates orthope- 
die principles, than with a major 
proximal amputation. 

Major amputation was done on 54 
patients: 28 above the knee, 12 
through the knee, and 14 below the 
knee. If the infection was very severe 
or came close to the skin flaps, then 
these amputations were done with 
open flaps, closing the wound five or 
six days later with skin tapes. At no 
time was the immediate fitting pros- 
thesis technique used. It seemed il- 
logical to apply any pressure to 
wounds that had a marginal circula- 
tion. 

In the management of a diabetic 
patient with gangrene of the foot, 
there are three steps that should be 
taken: (1) assess the relative impor- 
tance of the three etiolozical factors— 


7 TOF i ý a ý 
ischemia, peripheral neuropathy, and 5 
infection; (2) decide on the type and 
extent of necrosis that is present; and 
(3) plan the treatment accordingly. 
When this is done, a useful foot can 
be expected in half the patients. Si 
oh 
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Discussion 


Dr. WILLIAMS: There is just one inter- 
esting thing that I might add. We tested 
the histamine reaction of our general sur- 
gery patients, and found that the patients 
who were very sick or who had extensive 
malignant neoplasms tended to have ex- 
tremely poor flares. Whether this has any 
bearing on their ability to withstand infec- 
tion or to heal their wounds, I really do not 
know, but it is an interesting concept. 
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pathogenesis of sural nerve. 
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Surgery for Necrotic Bites 


of the Brown Spider 


Arthur I. Auer, MD, Falls B. Hershey, MD, St. Louis 


There are many different species of the 
Loxosceles throughout the continental 
United States. Several of these have been re- 
ported to cause arachnidism similar to that 
of the L reclusa, the brown spider. Thirty- 
three patients had L reclusa spider bites. 
Hospitalization and nonoperative treatment 
(11 cases), late incision (15 cases), and early 
excision (seven cases) led us to the conclu- 


‘sion that early excision of lesions greater 


than 1 cm is the best treatment. Early symp- 
toms from the bite may be minor and de- 
layed or occur within a few hours and be se- 
vere. Necrosis taking several weeks to heal 
is common. The bites are arranged in four 
categories of severity. A specific test for 
loxoscelism with radioactive thymidine is 
available, but anyone bitten by a spider 
should capture it and bring it with him to the 
physician. 


he North American brown spider 

(Loxosceles reclusa) has become 
better known during the past 15 
years. Reports in the medical litera- 
ture were almost nonexistent earlier. 
Many cases go unrecognized unless 
seen by someone familiar with the 
pathologic findings. We will discuss 
our experience with the treatment of 
33 patients, and our success with 
early, radical surgical excision and 
grafting, when indicated. 
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During the past three years, we 
have seen an increasing number of 
patients with lesions at an earlier 
stage, rather than after a necrotic, 
gangrenous lesion failed to heal after 
several months. We are certain that 
only a small number of bites require 
patients to be hospitalized or need 
surgical care. Most patients are 
treated conservatively in outpatient 
facilities. 


Historical Review 


Loxoscelism, or necrotic arachnid- 
ism, is a syndrome of varying sever- 
ity. It has been described infre- 
quently since 1872 when a case of a 
patient with fever, jaundice, and 
hematuria was reported.' In 1929, a 
mild case was reported but went un- 
noticed by physicians in North and 
South America. It was not until 1934 
that the syndrome was finally pro- 
duced experimentally in animals by 
Macchiavello.* At this time, he associ- 
ated the South American L laeta, or 
house spider, as the causative agent 
of loxoscelism in Chile, Argentina, 
Uruguay, Peru, and Brazil. Finally, in 
1957 the cause of necrotic arachnid- 
ism was discovered in the United 
States by Atkins et al.* 


Brown Spider Anatomy 


There are a few characteristics that 
make the brown spider easily identi- 
fiable (Fig 1). A dark-brown, violin- 
shaped marking is on the cephalotho- 
rax, which is a lighter brown. The 
body is about 1.27 em ( in) long and 


0.63 cm (4 in) wide. The front half of 
the body has three pairs of eyes, while 
most other spiders have eight eyes. 
The six eyes are in three diads (Fig 
2). The median diad is cephalad to the 
lateral pairs. The female spider is 
slightly larger than the male. 


Geographic Distribution 


The L reclusa has been found 
mainly in the central and south cen- 
tral United States (Fig 3). Most cases 
have been reported from Arkansas, 
Kansas, Missouri, and Oklahoma. 
Rare cases have been noted in New 
Jersey and North Carolina, on the 
East Coast, and California and even 
Hawaii, in the West. 


Habitats 


The spider is frequently found in 
closets, little used or stored clothing, 
packing boxes, under rocks, and other 
similar quiet places. In the more 
southern states, they are found in 
open areas while in Missouri and 
other states with similar climates, 
they frequently are seen indoors.° 
Several of our patients who have 
come from rural areas with outdoor 
plumbing facilities have received se- 
vere bites on the posterior part of 
their thighs or buttocks. The spiders 
appear to be able to live in areas of 
very low humidity and are able to sur- 
vive for long intervals without water 
or food. 

In 1966,° Hite et al observed brown 
spiders in the laboratory and noted 
the following facts: February to Octo- 
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Fig 1.—Loxosceles reclusa. 
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ber is the mating season. One spider 
may fertilize several groups of eggs. 
No eggs are produced from October to 
the first of February. A white, silken 
egg case is encysted about each egg 
mass. The female may produce up to 
five groups of eggs per season, total- 
ing 31 to 300 eggs per year. 

About 33 days elapse before the 
spiders emerge from the egg mass. 
Only 25% of them live more than one 
year. The average life span varies 
from 300 to 800 days in males, and 
from one year to 900 days in females. 

The brown spider’s web and eggs 
are usually observed in quiet areas, 
such as in clothing, behind pictures, 
under furniture, and other storage 
places. They feed on arthropods that 
become entrapped in their webs, but 
they also hunt nocturnally for food. 

The L reclusa is not an aggressive 
creature. It usually will attack or bite 
only if it believes it is endangered or 
threatened. In the laboratory, investi- 
gators have had great difficulty get- 
ting the spiders to inject their venom 
into animals. Humans are often bit- 
ten after taking blankets out of stor- 
age and using them immediately, or 
while wearing clothing that harbors 
the spider. 


Fig 2.—Six eyes of spider in three diads. 


Fig 3.—Geegraphic d stribution of L reclusa. Most commonly found (shaded areas); occa- 
sionally four (stars). . 





Elimination of the spiders, their 
webs, and eggs can be accomplished 
by thoroughly vacuuming in the 
above-mentioned areas. A good clean- 
ing of basements and attics and dis- 
carding of old papers, boxes, and 
clothing that can harbor the spider 
should be done in endemic areas. 
Many different sprays are effective, 
such as 12% dichlorvos (DD VP) aerosol 
or mist, dichlorvos resin strips, 2% 
chlordantoin (Chlordane) spray or 5% 
dust, 10% chlorophenothane (DDT), 
and silica aerogels. 


Pathogenesis and Immunology 


An in vitro test for loxoscelism has 
finally been developed by Berger et al 
at the University of Misseuri.’ Fresh 
lymphocyte samples drawn from a 
patient believed to have been bitten 
are exposed to loxoscelism venom 
with radioactive thymidine in vitro. 
If the patient has been bitten, the 
lymphocytes change to blast forms 
and take up the thymidine. It appears 
that small, repeated doses of venom 
can cause natural immunization in 
rabbits, and probably can be produced 
in man. Passive immunity should also 
be possible. Hopefully, natural immu- 
nization will be available soon to pro- 
tect individuals in endemie areas and, 
also, an antivenom for use in serious 
cases. South American scientists al- 
ready have developed an antivenom 
to use in patients receivmg L laeta 
bites. 

The venom has approximately 
eight separable proteins, mainly en- 
zymes. Levarterenol bitartrate (Lev- 
ophed), hemolysins, and the spread- 
ing factor, hyaluronidase, have been 
isolated. In 1972, James Barrett, MD, 
and his co-workers at the University 
of Missouri identified protease, es- 
terase, and hyaluronidase in the spi- 
der venom, all found in snake venom. 

What occurs following a spider bite 
has been observed in rabbits by care- 
ful studies with electron microscopy. 
Within three hours, endothelial dam- 
age occurs, followed by thrombocyto- 
penia, decreased fibrinogen levels, 
and an increased partial thromboplas- 
tin time. Small blood vessels, arteri- 
oles, and venules are occluded with 
thrombi composed of leukocytes and 
platelets, which cannot be prevented 
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in rabbits by heparin sodium therapy. 
Atkins et al* and Fardon et al® have 
injected the spider venom into the 
skin of rabbits and guinea pigs and 
observed hemorrhage in the dermis, 
associated with capillary stasis and 
subsequent thrombosis. Within 24 
hours, there is necrosis of all layers of 
the skin and a spreading, circum- 
ferential region of hemorrhage, 
stasis, and thrombi. A zone of poly- 
morphonuclear leukocytes is present 
at the outer necrotic edge. After sev- 
eral days, a black eschar is present 
with deeper necrosis into the fat, 
forming focal abscesses. The under- 
/. Socal lying fascia, tendons, and muscle may 

Fig 4.—Sequence of development of necrotic lesion (case 5). Top left, One week after bite. be involved in animals, but only 





fe Note cyanosis and blisters of skin. Top right, Bite in upper part of inner right thigh. Bottom rarely are these tissues involved in 
2i left, Ten days after bite. Gangrene of skin and fat with loss of blistered epidermis. Bottom humans 

E- center, Dry eschar of skin demarcated and separated from viable edge of skin to disclose : 

K edematous infected and necrotic fat. Bottom right, Large, hard stellate scar four months af- Clinical Picture 

à ter bite healed. 

E The brown spider bite has a large 


spectrum of reactions from a very mi- 
nor, hardly noticeable, temporary ir- 





UA 


Table 1.—Patients Hospitalized With No Operation 









































i ee E E a E ee 
F Case Age, Systemic 
No. yr Spider Site & Time Treatment Symptoms Rash Local Lesion Time in Hospital 
f 1 64 Brown Right flank ACTH gel, IM; ‘‘Tight Chest” None Slight pain & sting: 3 Days, no necrosis 
E: steroids, PO dyspnea erythema, 7 cm diameter; 
k <6hr edema, 2.5 cm diameter 
z 2 50 Lreclusa Shoulder (while Steroids, IM Fever, (39.1C) General Cyanotic; 1-2 mm 1 Day, no necrosis 
f in bed) & PO nausea, malaise diameter; edema, 
>12 hr 2-3 cm diameter 
+ 3 26 L reclusa Hand ACTH IM; Malaise None Slight pain & 3 Days, no necrosis 
3 steroids, IM reddening (1 day) 
h & PO 
fe 4 52 Not de- Lateral part of thigh Local therapy, Fever None Cyanotic blistered skin, 3 Mo to heal 
| scribed (while putting on antibiotics 2 cm diameter; Later, 
overalls in garage) ulcer, 4.5 cm, large 
nodes in groin 
5 41 Brown Medial part of thigh >2 Days None None 3 x 4-cm eschar, 6 Days, several 
(while putting on inguinal adenopathy, mo to heal 
pants from large ulcer, later 
clothesline) 
| 6 2 Brown Back (while in >14 hr Convulsion, high General Red area, 10 cmdiameter; 9 Days, several 
bed) fever, hematuria, ecchymosis, 1 cm; edema, mo to heal 
hemoglobinuria, entire back; slough, 4 cm; 
1 bloody stool Later, eschar & ulcer, 
ci 4 cm diameter 
la 7 25 Brown Finger Steroids Fever, chills None Gray, black spot, very 3 Days, several 
b painful weeks to heal 
E or eee Pn Wrist Steroids, IV Fever, back & None  Lymphangitis & 3 Days 
f & PO; anti- leg pains lymphadenitis 
be biotics, 2 days 
3 9 1 EN Finger Antihistamine, None None Blistered, severe 4 Days 
| 4 days pain 
“ 10 57 Lreclusa Dorsum of Steroids, anti- Fever, aches None Blue-mottled blister, 9 Days, severe 
| hand biotics, 1 day spread to arm, no neuritis for 
p slough developed several mo 
LES. Se ey yes: Rest, elevation, None None 6x 5-cm cyanosis 2 Days 
4 days (thigh), 1-cm cyanosis 






(groin) 
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ritation to a fall-blewn, severe, sys- 
temic conditor that occasionally can 
cause death’? The diagnosis is easily 
made if the patient can identify the 
spider and bring it with him to a phy- 
sician. Many patients we have seen 
had a typieal lesior and, therefore, 
were considered to have arachnidism. 

Berger" has alerted us to “the un- 
remarkable browr spider bite.” He 
believes that the n2crotic arachnidism 
that we obs=rve and report is the ex- 
ceptional case -n the total number of 
bites. Manş petients have bites with 
very few leca] signs and never de- 
velop an area of necrosis. We have 
seen severa petients with finger and 
hand bites that either have only a few 
millimeters of redness and may be a 
tiny blisteror a very small area of ne- 
cresis that reselves spontaneously, as 
long as sesondary infection is pre- 
vented. 

Many pacierts are never seen by a 
physician, but may have a tiny, dark 
area on ther sin. usually where very 
little fat exists umder the skin. The 
patient may er mey not remember 
the sting cr Lite. In a few days, no 
visible area o7 injury remains. Fin- 
gers or the dorsum of the hand have 
been the usua site of these bites. 

A slightiy move severe reaction 
may occur or the forearm or leg. 
Some disecmfort may occur rapidly, 
or it may be several hours before any 
loeal reaction is noticeable. Severe 
pain will develop, and many times 
this is out of proportion to the size of 
the area involved. 

One of several small blisters or 
bullae wall fsequently form in the 
area, as well as subcutaneous edema 
and induration. This may have been 
preceeded only by an area of itching or 
tramsient erythema. After several 
hours, the skim will turn purple and 
later, black. Tie size of the area is ap- 
parently elazed to the amount of 
venom injected. Setellite regions of 
similar neerosis can also be present. 
Necrosis may develop over a few 
heurs, or may take one to two days 
before it becames cbvious (Fig 4). 

The skir lesions, if small. probably 
less than Fem (0.3 in) in size, and left 
alone will usually heal; the necrotic 
area slougas eut and the cavity scars 
inward slowly and closes after several 
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Fig 5.—Four months after bite healed by secondary intention. 


weeks. Areas larger than 1 cm (0.39 
in), if left alone, take months to heal 
and, even then, may remain indolent. 
These seem always to be in areas in 
which there is an abundance of fat, 
such as the thighs, buttocks, obese ab- 
dominal walls, or flanks. The fat in- 
volvement is deep and wide, extend- 
ing beyond the margins of skin 
necrosis. The indurated, involved fat 
is easily palpable, and the edge is ten- 
der and persistent. The deep fascia is 
only rarely involved. 

We have seen several patients in 
whom a large area of erythema devel- 
ops surrounding the small area of ne- 
crosis. In one patient whose bite was 
near the anterior superior iliac spine, 
the erythematous region extended 
over most of the abdominal wall and 
superiorly to near the rib cage. In 
addition, it extended downward into 





necrosis (>4 cm) 


ondary infection 


Table 2.—Classification of Spider Bites 





Grade Clinical Appearance Systemic Signs Treatment 
1 Local itching, None Pain relief 
redness, purpuric drugs 
puncture 
2 a. Local vesicle, None Pain relief 
area necrosis drugs 
(<1 cm), 
b. Occasional rash Malaise, nausea, Antibiotics & 
mild tempera- steroids 
ture 
3 Area of necrosis Moderate, no Antibiotics & 
(>1 cm) moderate toxic effects steroids given 
area of erythema, orally 
rash? 
a. Large area of Severe-hemolysis, Antibiotics, steroids, 


disseminated intra- 
vascular coagulation, 


high fever, 
hemoglobulinuria 
b. Large area of Renal failure, Same as a. plus 
erythema, sec- shock usual routine for 





one half of the thigh laterally and 
posteriorly to involve most of the ad- 
jacent buttock. 

In a small number of persons, a sys- 
temic reaction takes place, involving 
multiple organs. Lysis of red blood 
cells results in hemoglobinuria. Nau- 
sea, vomiting, petechiae, chills, fever, 
and severe malaise may be present in 
varying degrees, beginning 12 to 24 
hours after the bite. A macular or 
erythematous rash may be present 
and be local or generalized. Renal 
failure and subsequent death have oc- 
curred rarely. The worst reactions 
and most fatalities seem to occur in 
children. All of these complications 
can be reproduced in dogs with intra- 
venous doses of the spider venom.” 


Treatment 


Many recommendations for early 
















IV, local steroids, 
heparin 












complications 
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therapy have been proposed, includ- 
ing use of corticosteroids, anti- 
histamines, phentolamin hydrochlo- 
ride (Regitine), and antibiotics. 
Naturally, it is difficult to evaluate 
the use of steroids, if they are given 
to all patients. For small bites with 
no systemic signs, they are not 
needed. Whether or not these treat- 
ments decrease or eliminate a severe 
systemic reaction in man has not 
been proved. Table 1 lists 11 patients 
who were hospitalized and treated 
nonsurgically. Several should have 
had surgical excision, as judged by 
healing times of three or more 
months. 

We do not believe steroids should 
be given in all cases and generally use 
them for patients in whom systemic 
signs are developing, ie, fever, ma- 
laise, nausea, vomiting, and spread- 
ing skin erythema. Some investiga- 
tors have performed in vitro studies 
with controlled doses of venom and 
reported that steroids, or any other 
drugs, cannot prevent necrosis. 

The use of antihistamines and 
phentolamine is limited, primarily be- 
cause good documentation of their 
value is not available. 

Antibiotics are of value both 
prophylactically and therapeutically. 
We give a broad-spectrum antibiotic 
‘to most patients seen early, regard- 
less of the region of the bite. We be- 
lieve this helps localize the inflamma- 
tion and secondary infection to the 
bite and possibly prevents the size of 
the necrotic area from enlarging. 
Many patients, if seen one to two 
weeks after their injection, will have 
small abscesses and cellulitis associ- 
ated at the necrotic edges; culture of 
any drainage and appropriately ad- 
ministered antibiotics help here also. 

None of the above agents can avoid 
the full-thickness necrosis from the 
venom. The amount of dead tissue 
that will be present is somewhat 
dose-volume related, as is the region 
involved. 

Heparin appears to give some pro- 
tection against disseminated intra- 
vascular coagulation. A few inves- 
tigators administer this fairly 
routinely to patients suspected of 
having spider bites, hoping to de- 
crease the severity or prevent this ex- 
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10 


15 


91 


21 


40 


43 


30 


30 


40 


37 


38 


28 


27 


43 


39 





Spider 
Brown 
(found in 
privy) 
Not described 


Brown spiders 
(found in 
basement) 


Brown 
Brown 
Brown 


Brown 


Spider 
Brown 

(in bed) 
Brown 

(in bed) 
Not described 


Brown 


Spider 
Brown 
(garden) 


Brown, 
L reclusa 


Not proved 


Brown 


Brown 
(seen on 
steps) 


Brown 
Brown 
Brown 
Brown 


Brown 





Site Bitten 
Upper part of 8/20 
inner thigh 
Upper part of 7/9 
inner arm 
Lateral part of leg 8/4 


(trousers had been 
in basement) 


Anterior part of 7/22 
abdominal wall 
Anterior part of 8/10 
abdomen 
Shoulder 8/17 
Medial part of 6/6 
thigh 
Site Bitten 
Lower abdominal 5/9 
wall 
Left inguinal area, 5/12 
right thigh 
Right ankle 8/5 
(two bites) 
Anterior part of midthigh 6/26 
(inside trousers) 
Left side of chest 10/27 
Site Bitten 
Ankle (2 bites) 7/2 
Flexor surface 4/9 
of right wrist 
Lateral & medial 6/10 
part of thigh 
Buttock (inside 9/8 
overalls) 
Upper part of 8/1 
inner thigh 
Buttock 4/23 
Ankle 10/18 
Thigh 3/14 
Posterior 3/1 
part of thigh 
Posterior 8/15 


part of thigh 


Dates 


Hosp 
8/27 


7/13 


8/5t 


7/30 
8/14 
8/22 


6/13 


Dates 
Hosp 
6/10t 
7/15t 
5/14t 
9/10t 


8/1 to 
8/27 t 


11/7t 


Dates 


Hos 
7/2: 


4/3C 


7/141 


9/9 


8/2 

8/2: 
5/2: 
F17: 
5/1: 
5/1: 


11/ 


i. 


able 3.—Early Excisior: Second-Stage Closure by Suture or Graft 


Time 
hg po e eee 
| ccised Af- Healed Pest 
erBite, operatively, 
= Days Weeks Lesion at Operation Early Excision 
” 8 2 Eschar; Stinking gangrene, 7 Days after bite; 
deep & wide (Fg 4); secondary suture 
gional adencoathy 13 days later 
5 2 ‘Central hemorrhage & cyanosis; 5 Days after bite; 
erythema, elbow to axilla, secondary suture, 
subs ded afterexcision 10 days later 
3 314 Punctu-e wound of skin; 3 Days after bite; 
central necrosss cf fat; split-thickness graft 
red skin (6 cm diameter); 7 days later 
widespread fasnt 2rythema; 
subsided after excision 
10 3 Eschar over indurated fat 
7 2 Esshar over indurated fat, 7 Days after bite; second- 
erythema around it ary suture 4 days later 
6 2 Herd red lesion, 6 Days; 4 days later, 
central blue baister split-thickness graft 
9 21 Cyanotic skin, central blister, 9 Days; 5 days later, 


indurazed fat 


able 4.—Late Excision and Closuæ: One Stage 


| 


Time, Weeks 
SS A a Ů 
| Dperatedon Heale Past- 
After Bite operatively 
5 I 
3 c 
5 Z 
9 BP, 
114 = 


Wb 


Lesion at Operation 


3.7-cm (diameter) 
cheonic ulcer 


7.6 X12 2-cm slough 
of 2roin lesion 
2 Ulcers 2.4 & 3 cm; Excised skin 
& “at en bloc, 4 cm & 3 cm 
Unde mining edge of granu- 
latng 10 x 5-8-cm ulcer; clean 
grenulations at admission 
Eschar, induration, 314 x 10cm 


ble 5.—Late Excision and Graft: Two Stages 


Time, Weexs 
— M 
erated on 
fter Bite Healed Lesion 
31 23 Davs 2 Ulcers, undermining 
rostoperat ve edges 7.6 x 8.8 cm 
&2.5x1.2cm1cm 
deep, clean base 
3 2 Weexs Undermining ulcer 
~ostoperative with infected flexor 
carpi radial & 
| ulnar tendons 
6 3 Weexs 2 Eschars, 7x4 & 
sos70perative 3 x 6 cm, under- 
mining edge (Fig 2) 
5 11 Weeks ‘scar 10.2 Eschar 2 x 6cm 
-2.2 cm diameter 
= 12cm ceep) 
5 4 Mo Ulcer, 6 x 10 cm 
(Fig 2) 
5 Several weeks Ulcer of skin, very deep 
2osteperative necrosis in fat 
5 ‘Several weeks Chronic ulcer 
20Seperative 
8 Several weeks 5 x 6-cm Chronic ulcer 
3Jostoperative 
10 Several weeks Ulcer, chronic 
| Dostoperative indurated fat 
10 Several weeks Chronic ulcer, 
.OoSoperative indurated fat 


10 Days after bite; second- 
ary suture 14 days later 


Specimen 

14 x 18-cm skin & fat; full 
thickness, 1-3-cm margin 
of normal fat (Fig 4) 

5 x 6-cm piece of skin; full 
thickness down to deep 
fascia; including 1-3-cm 
margin of normal fat 
with slight edema 

Full-thickness skin & deep 
fascia, 1-3-cm margin of 
edematous fat 


Full-thickness skin fat & 
superficial fascia 


Full-thickness skin fat & 
superficial fascia 


Full-thickness 6 x 5-cm skin fat 
& deep fascia 


Skin fat & deep fascia 


split-thickness graft 


Late Excision & Closure 


Excision & primary suture 
at 5 weeks 


Comment & Result 


Mild secondary infection 


& lymph drainage 


Bite not recognized by 


patient but typical rash 

& small lesion; healed 

by primary intention; 
stitches removed in office 


Earliest excision reported; 


relieved pain & fever in 

24 hr (Brown spiders 
found in basement had 
bitten another person also) 


Good 
Good 
Good 


Graft slipped, partial loss 


Result & Comment 


Hospitalized for 7 days after bite; developed 
typical gangrene of skin & fat: readmitted; 


surgery; healed promptly thereafter 


Excision & primary suture 
at 3 weeks 


Excision & split-thickness 
skin graft 

Excision, edge of skin; split- 
thickness graft on base 


Excision & primary suture Good 


Operation 


Debridement of undermined edges 
& connected 2 ulcers; 4 days 
later, split-thickness skin graft, 
10.1 x 15.2 cm 


Debridement of edges (general an- 
esthesia); 3 days later, minor 
debridemenrt of tendons; 6 days 
later; split-thickness skin graft 


Excise edge down to deep fascia; 
3 days later, split-thickness 
graft on fat & fascia 

15 days after bite, excised skin & fat, 
7.5x5 x 0.6 cm; 3 days later, 
split-thickness graft, 8 x 15 cm; 
13 days later, postage stamp graft 

Only bedside debridement, split- 
thickness graft 


Debridement & drainage, secondary 
closure 

Secondary split-thickness graft, ex- 
cised 3.5 cm diameter 

Excised secondary split-thickness 
graft 

Excised & xenografted 6 x 7 cm; 
split-thickness graft, 1 week later 

Excised skin fat & deep fascia; 
split-thickness graft, 5.5 x 8cm 


Secondary infection, prolonged drainage 
Primary healing of graft 


Primary healing of graft 


Result & Comment 


Preliminary office care; 
separated sloughing 
skin; partial loss of 
graft 


Previously admitted to local 
hospital for 10 days; gran- 
ulation tissue at base, nor- 
mal skin & fat at edge 


Transferred from 
local hospital, 
partial loss of graft 


Complete failure of first 
graft due to inadequate 
debridement; healed 
by secondary intention 

Complete failure of first 
graft due to inadequate 
debridement; healed by 
secondary intention 

Required severa! 
debridements 


Good 
Good 


Referring physician attempted 
closure, unsuccessful 

Referring physician 
attempted closure, 
unsuccessful; developed 
phlebitis postoperatively 
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treme complication.'*"’ Dr. Anderson 
also recommends four-quadrant, cir- 
cumferential, subcutaneous injection 


of steroids, for progressing areas of 


necrosis." 

Once an area of necrosis greater 
than 1 cm (0.39 in) develops, surgery 
should be considered. 

Table 2 represents an attempt to 
classify and grade the clinical appear- 
ance and systemic signs that have 
had treatment. We have tried to fol- 
low this fairly well, as seen from the 
list of cases in Tables 1, 3, 4, and 5. 


Why Surgery? 


Those brown spider bites that are 
more than “unremarkable” will de- 
velop a mature, stable, black eschar in 
about five to seven days. During the 
next week, this begins to slough. The 
healing may take several weeks and 
leaves a deep-pitted scar. If there is a 
thick subcutaneous area under the in- 
volved skin, it may never heal. We 
have seen patients four to six months 
after having been bitten with no 
signs of healing. 

When the eschar sloughs, the un- 
derlying tissue is not healthy enough 
to support a split-thickness graft. 
Healthy granulation tissue will not be 
present until the involved fatty tissue 
has been excised or phagocytosed by 
the body. 


1. Caveness WA: Insect bite complicated 
by fever. Nashville J Med Surg 10:333, 
1872 


2. Schmaus LF: Case of arachnidism. 
JAMA 92:1265-1266, 1929. 

3. Macchiavello A: Cutaneous arachnid- 
ism experimentally produced with the 
glandular poison of Loxosceles laeta. 
Puerto Rico J Public Health Trop Med 
23:266-279, 1947. 

4. Atkins JA, Wingo CW, Sodeman WS: 
Probable cause of necrotic spider bite in 
the Midwest. Science 126:73, 1957. 

5. Gorham JR: The brown recluse spi- 


Dr. HERSHEY: A patient with a necrotic 
brown spider bite was treated conserva- 
tively. The bite was located in the upper 
part of the inner thigh. One week after the 
bite, there was an area 7.6X8.8 em (3X 
3% in) that was cyanotic and blue. When 
pressed, the skin blanched but refilled very 
slowly and the epidermis became blistered. 

Ten days after the bite, the epidermis 
separated and the dead skin was a desic- 
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We believe that, except for cosmet- 
ically involved areas or fingers, the 
area of necrosis and the underlying 
tissue (fat and fascia) should be ex- 
cised early (Table 3) and the area 
saucerized. The indurated fat can eas- 
ily be palpated so that the margins 
are 1 to 2 cm (0.3 to 0.7 in) beyond 
this. Large, wide areas of erythema 
beyond the necrotic area should be 
left intact, for after wide local exci- 
sion, the redness disappears rapidly. 
Generally, it is best to perform a sec- 
ondary closure three to five days 
later, using a split-thickness graft. 
This assures healthy granulations in 
all areas and confirms an adequate 
primary procedure.’ In some areas, 
like an obese abdominal wall, if the 
necrotic region is not too large and is 
well localized, it can be excised and 
closed primarily. These are usually le- 
sions several weeks old with no sur- 
rounding erythema. 

Generally, in most places, especially 
rural areas where the necrotic arach- 
nidism is most common, the lesions 
are treated conservatively. We be- 
lieve that almost all lesions should be 
treated by early excision and graft- 
ing, as mentioned. By this, we mean 
patients should be hospitalized when- 
ever they have a bite suspected to be 
that from a brown spider. As soon as 
it is apparent that an area greater 
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Discussion 


eating eschar. A month later, the skin 
gangrene demarcated and the dry, leathery 
eschar separated from the surrounding in- 
dolent edge of the skin. 

However, the main problem was the fat 
underneath. There were tiny, miliary ab- 
scesses and tiny, miliary infarcts deep in 
the surrounding fat and, without wide ex- 
cision of this fat, as Dr. Auer has said, the 
skin grafts or suture would have failed. 


than 1 cm (0.3 in) will be involved, the 
physician should perform a complete 
excision. Table 3 lists seven cases of 
early excision and delayed secondary 
closures. All patients had the necrotic 
areas removed within ten days of the 
bite with good results. Five patients 
listed in Table 4 were operated on 3 to 
11 weeks after the spider bite and 
grafted, or sutured, at the time of ex- 
cision. All but one lesion healed with- 
out complications; the patient with 
this lesion had prolonged lymph 
drainage from a groin incision su- 
tured primarily after excision of a 
large, sloughing area 7.6X12.7 cm 
(3x5 in) in size. 

Ten patients were operated on 
three to ten weeks after the bite 
(Table 5). Nine patients had grafts or 
sutures four to five days after exci- 
sion. The only failure (case 5) was in a 
patient in whom the surgeon did not 
excise the ulcer. The graft was laid on 
apparently satisfactory granulations. 
Tiny, miliary abscesses and infarcts 
in the fat led to infection and slough 
of the graft. Four months after the 
bite, the wound healed by secondary 
intention with a large, irregular stel- 
late scar (Fig 5). One patient (case 
10) developed phlebitis; phlebograms 
showed a clot in the popliteal vein 
that was cleared with heparin ther- 


apy. 


11. Berger RS: The unremarkable brown 
recluse spider bite. JAMA 225:1109-1111, 
1973. 

12. Denny WF, et al: Hemotoxic effects 
of Loxosceles recluses venom: In vivo and 
in vitro studies. J Lab Clin Med 64:291-298, 
1964 


13. Anderson PC: What’s new in loxo- 
scelism? Mo Med 70:711-712, 718, 1973. 

14. Anderson PC: Treatment of severe 
loxoscelism. Mo Med 68:609-611, 618, 1971. 

15. Hershey FB, Aulenbacher CE: Ann 
Surg 170:300-308, 1969. 


It took four months for the wound to 
heal and the patient was left with a red, 
tender, hard scar. 

Dr. Auer’s early, wide excision is the 
best treatment. An identical wound healed 
in a few weeks. Operation should be per- 
formed in the first week after the bite or 
whenever it appears that gangrene is inev- 
itable so that infection, disability, pain, 
drainage, and expense will be less. 
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Rebert M. Goldwyn, MD 
Beck Review Editcr 
101 Beacen St 
Brookline, Mass 02146 


Surgery of the Foot, ed 3. Editec by Verne 
T Inman, MD Price, $27.50. Pp 567, with 1041 il- 
lustrations. CV Mosby Co, 11830 Westline Indus- 
trial Dr, St. Ronis 63141, 1973. 


The third edition of Surgery of the 
Foot has keen reorganized in format, 
but not sxmificantly rewritzen. The 
boek is divided into three parts, the 
firstof which deals with biomechanics 
written by Dr. Inman. This provides a 
good review of his and other investi- 
gators’ werk that Fas been done at 
the University of California at Berke- 
ley in the 50s. Frinciples cf exami- 
nation of the foot and ankle and a 
discussion of diagnostic procedures 
complete ‘ke first part of the presen- 
tation. 

Congenital defcrmities and anom- 
alies of the foot are covered in survey 
fashion. The references en this sec- 
tion are abundant and fairly current. 
The chapters on fractures and frac- 
ture-dislocations; traumatic injuries 
to the sat tissues; metabolic, vascu- 
lar, and infectious diseases; disorders 
of the skia and toenails; bone and soft 
tissue tumers; ani diseases affecting 
the nerves of the foot and ankle com- 
plete the second portion of the book. 
General descriptions of well-known 
diseases such as gout, diabetes, rheu- 
matoid arthritis, and commonly en- 
eounteree nfections add vclume but 
notssignifieanee to the boek. The third 
part of the book is devotec to oper- 
ative anc nonoperative treatment. 

The chapters written by Dr. Du- 
Vries om static deformities of the 
forefoot and toes and the operative 
treatment justify the purchase of this 
bedk by anyone with more than cas- 
ual interes: in treating foot disorders. 
The line @lustrazions aecompanying 
Dr. DuVaies’ descrivtions of his surgi- 
cal techniques are simple and clearly 
done. 

The text is readable, but does suf- 
fer from repetit.ons beeause of the 
multiple authorship. Surgery of the 
Foot provides the r2ader with a sound 
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reference on common disorders of the 
foot and ankle, but lacks the depth of 
coverage provided by other regional, 
surgical textbooks. The third edition 
costs $10 more than the second edi- 
tion published in 1965. 


RICHARD J. Nasca, MD 
Little Rock, Ark 


Arterial Surgery. By HHG Eastcott, MS, 
FRCS. Price, $27.50. Pp 412, with 360 illustra- 
tions. JB Lippincott Co, East Washington 
Square, Philadelphia 19105, 1973. 


This is the second edition of this 
excellent book, the first edition of 
which appeared in 1969, and was re- 
viewed in the ARCHIVES (105:660, 
1972). Very few changes have been 
made. Ultrasound, for instance, has 
been introduced in the assessment of 
aneurysm size, and a few other mod- 
ern techniques are mentioned. But in 
general the length, arrangement, and 
figures are the same, even to the ex- 
tent of preserving some procedures, 
admittedly as alternatives to more 
modern ones, that to American opin- 
ion were of historical interest only, 
even in the first edition. I refer to 
such techniques as total body hypo- 
thermia in a tub in preparation for 
operations on the carotid, and to pro- 
cedures such as wiring for aortic an- 
eurysms. 

The high quality is maintained, 
however, and the volume is again rec- 
ommended in the strongest possible 
terms. 

RICHARD WARREN, MD 
Boston 


Tumours of Childhood. By IG Williams, 
MB, BS. Price, $15. Pp. 169. Appleton-Century- 
Crofts Inc, 440 Park Ave S, New York 10016, 
1973. 


In this short treatise, the author, 
consulting radiation therapist for the 
Hospital for Sick Children, London, 
attempts to present concisely current 
management for all major and most 
minor childhood neoplasms. He is 
aided by five other authors who write 
on coordination in treatment, parent 
counseling, nursing, leukemia, and in- 
tracranial tumors. 

Chapters devoted to general prin- 
ciples of pediatric tumor surgery, ra- 
diotherapy, and chemotherapy are too 
brief, with several omissions pertain- 
ing to pediatric and surgical practice, 
such as the central role of anesthesia 


\ 
and unique importance of pati 
monitoring during surgery. N 
versely, the extraordinary capacity of 


children to rapidly recover from ma- 


jor surgical procedures is not 
stressed. No section is devoted to ba- 
sic principles of cellular biology and 
cell kinetics. 

Although briefly mentioned, the 
importance of supravoltage radio- 


therapy devices and sophisticated 4 


treatment techniques utilizing rota- 
tion, wedge a compensators, and 
isocentric planning is not emphasized. 

The effects of combinations of ra- 
diation with chemotherapy, especially 
dactinomycin and the many multi- 
drug protocols now in use are not ade- 
quately covered. Particulars of radia- 
tion techniques, especially daily 
fractions size, are conservative by US 
standards. The relative therapeutic 
importance of this is difficult to 
evaluate. 

Clinical details of major tumor 
types are generally presented in a 
succint but thorough fashion. Staging 
systems are present for many neo- 
plasms, although some appeared out 
of date (eg, Hodgkin disease). 

Recommendations for therapy are, 
in general, fairly standard although 
conservative. 

Finally, sites and patterns of re- 
lapse are scantily presented. Results 
to be expected following current opti- 
mal management are not stressed 
and suggestions, based en relapse 
analysis, for improving current ther- 
apy are generally not made. 

In summary, this text presents an 
overview of childhood tumors and 
would provide the clinician new to 
this field, with a well-rounded intro- 
duction. Details of pretreatment eval- 
uation are adequately presented, par- 
ticulars of therapy, results, and 
reasons for failure suffer from too 
brief an analysis. 

J. R. Cassapy, MD 
Boston 


Shock regal Problem in Clinical Sur- 
gery: XIII). By G Tom Shires, MD; Charles J 
Carrico, MD; Peter C Canizaro, MD. Price, $9.50. 
Pp 166, WB Saunders Co, W Washington Sq, 
Philadelphia 1973. 


The authors of this monograph un- 
dertake to “collate the newer and 
more sophisticated research knowl- 
edge in several specific areas,” ie, 


ionic flux in muscle and the extra- 
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vascular fluid space. They devote the 
major part of the text to these topics 
and much of the remainder to oxygen 
transport, hypothermia, renal func- 
tion, and some of their own clinical 
data. 

There is little or no reference to 
many of the fundamental issues un- 
der active discussion in the current 
literature, such as the pathology of 
the microcirculation, the cause of the 
refractory state, or the precipitous 
loss of resistance to infection. The 
role of the nervous system, of the 
vasoactive agents, and the mecha- 
nism of action of corticosteroids are 
dismissed with too little or no discus- 
sion. 

This volume is one of a series of 
volumes on major problems in clinical 
surgery. The editor of the series pre- 
sents this volume as a “vade mecum 
for all who work on emergency wards 
or deal with the complex problems of 
shock.” The authors’ stated objectives 
are more limited. The text and the 
bibliography lack the balance that a 
book on this subject should have if it 
is to serve the needs of the practi- 
tioner as well as the scholar. 

JACOB FINE, MD 
Boston 


Anesthesia and Uncommon Diseases: 
Pathophysiologic and Clinical Correla- 
tions, 1. Edited by Jordan Katz, MD, Leslie B 
Kadis, MD. Price, $21. Pp. 543. WB Saunders Co, 
W Washington Sq, Philadelphia 19105, 1973. 


The indicated purpose of this vol- 
ume was to centralize and summarize 
knowledge as it relates to anesthetic 
management of uncommon disorders. 
In the broadest sense, the editors 
have been successful in this regard. 
The scope of the text is quite wide, 
with chapter titles spanning most 
major fields of pathophysiology with 
the exception of urological, obstetri- 
cal and gynecological, and ear, nose, 
and throat disease. 

The text, however, does exhibit 
many of the problems associated with 
multiple authorship. Under many 
headings, discussions of general phys- 
iology and common disorders are also 
included. One would be hard pressed 
to label the usual problems of a new- 
born or diabetes mellitus as “uncom- 
mon diseases.” Moreover, the quality 
is grossly uneven, and some chapters 
lack direct reference to specific 
sources. There is an almost total ab- 
sence of illustrations and photo- 
graphs, and a minimum of tabulated 
material. 
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As one reads, he is critically aware 
of the difficulties surrounding the 
writing of a book of this nature. If di- 
rected toward the neophyte, far too 
much basic information must be in- 
cluded that is superfluous to others. 
Elimination of such basic information 
would place the book in a vacuum and 
severely limit its audience. In most 
cases, the authors have compromised, 
leaning toward the former; as a re- 
sult, it is the anesthesiologist in 
training who perhaps will derive the 
greatest benefit from the reading of 
this text. His thoughts will be chan- 
neled in the proper direction; that 
is, to consider the pathophysiology of 
disease, how the patient’s condition 
is at variance with normal, and how 
that should affect preoperative, in- 
traoperative, and postoperative eval- 
uation and management. For many 
entities mentioned there is insuf- 
ficient scientific basis for discussion, 
and less precedence for anesthetic 
management. The editors, of course, 
had no intention of providing an all- 
inclusive documentation of each dis- 
ease process. As a result, the peruser 
of this volume should be urged to con- 
sider the text as an introduction to 
the problem at hand, to be supple- 
mented by the standard texts on 
medicine, surgery, and anesthesiol- 
ogy, current literature, and the 
teachings of his educators. Likewise, 
decisions regarding anesthetic man- 
agement will require more dialogue 
than is offered in such a volume. 

RICHARD B. WEISKOPF, MD 
Boston 


Complications in Vascular Surgery. By 
Hugh G Beebe, MD. Price, $28. Pp 402, with 175 
illustrations. JB Lippincott Co, East Washington 
Square, Philadelphia 19105, 1973. 


Since the surgeon’s complications 
are what give him insomnia, the idea 
of a book on the subject has instant 
appeal. This volume is another in a 
series of what seems to be a develop- 
ing genre. But is it really a genre? 

If you are to write on surgical com- 
plications, you must, of course, tell 
how to get out of trouble once you are 
in it. But should you also tell how to 
keep out of trouble? It seems a logical 
sequel, or, rather, antecedent. But 
think: if you do this, you are then 
writing on how to do an operation 
right, and you suddenly find yourself 
using the format of a routine hand- 
book. And a handbook, if it’s worth its 
salt, must talk about complications 
anyhow. And so we fall into a sloppy 


concept of the borderline between the 
two genres. Many chapters of the 
present book have crossed into the 
handbook territory to a greater de- 
gree than other “complications” 
books. 

A multiple-author arrangement for 
a book with ill-defined boundaries re- 
quires editorial instructions to each 
author of especial rigidity, so that the 
reader can find his way to the mate- 
rial he bought the book for. An un- 
disciplined book on complications by 
multiple authors can leave the reader 
at sea, and this one unfortunately 
does just that. 

The chapter on abdominal aortic 
surgery has 15 pages of how to do it, 
and 6 of complications. That on com- 
plications of operations for vascular 
trauma, arteriovenous fistula, and 
false aneurysm of 27 pages has less 
than 1 on complications and these are 
“preoperative.” The chapter on angi- 
ography, that on assessment of im- 
mediate status in peripheral arterial 
reconstructions, and the one on anes- 
thesia in vascular surgery make no 
pretense of discussing complications 
separately. Admittedly, there are a 
few chapters, such as “Complications 
of Arterial Reconstruction Distal to 
the Inguinal Ligament” and ‘“Compli- 
cations of Arterial Embolectomy,” 
that demonstrate focus and are help- 
ful in telling how to deal with infec- 
tion or with catheter injury. The form 
of the book is nevertheless a pot- 
pourri. 

That does not mean that all the 
chapters, or even a majority, are bad 
in their own right. The one on angi- 
ography is splendid, with useful com- 
prehensive tabulations of the various 
contrast media and of items needed 
to set up an angiography unit. The 
chapter on sympathectomy gives the 
background, indications, technique, 
and sequellae of that now happily 
rare operation in a better way than I 
have seen done. The index is adequate 
and serves its purpose as a steadying 
influence on the anxious reader. For 
these positive reasons the book de- 
serves to be added to the shelves of 
the vascular surgeon who is accumu- 
lating a comprehensive library in his 
field. The eager young surgeon 
should, however, not be deceived by 
the title into thinking he is purchas- 
ing a vade mecum that will take him 
by the hand and lead him system- 
atically out of trouble. 

RICHARD WARREN, MD 
Boston 


Books 








AMA Annual 
Convention 


Chicago, Illinois 
June 22-26, 1974 


SECTION ON GENERAL SURGERY 


Representatwe ‘or Program: J. D. MARTIN, JR., Atlanta 
Assistant Representative fer Program: JOHN L. MADDEN, 
New York 


Continuing Medical Education Credit 


Hour-for-Four credit for courses will be given in Cate- 
gory 1 for »hysiciars enrolled in the AMA Physician’s 
Recognition Awarc postgraduate program. The session 
on general papers and the symposia (listed below) are 
accredited fer Catezory 2. Dther medical societies offering 
continuing eduration programs usually accredit AMA 
courses for the nighest category on an hour-for-hour basis. 
(See page 623 for information and registration for post- 
graduate courses.) 


Saturday, June 22—9 AM-5 PM 
M:Cormick Place, Room E 


Presented ix cooperation with the Committee on Trauma 
of the Amer can College of Surgeons 


Course: Lifesaving Measures for the Critically Injured 
(6 hours’ credit) 
Director: Oscar P. HAMPTON, JR., MD, St. Louis 


Faculty to be announced. 


This postgraduate course is designed to provide continu- 
ing education im the recognition and treatment of life- 
threatening njaries and cencitions following trauma, in- 
cluding assessment of injuries and priorities for emergency 
procedures and the importanee of restoration of effective 
respiration, control of obvious or hidden hemorrhage, and 
treatment of shock. Life-threatening injuries to the chest, 
abdomen, central nervous system, and genitourinary tract, 
and the treatment of each, operative or nonoperative, are 
to be discussed. Sepsis and other complications of trauma 
that are potentially lethal. such as renal and pulmonary 
insufficiency, and the preferable methods of management 
of such complicaticns will be considered. 


Postgraduate Courses Offered by the American 
Society of Clinical Pathologists 


The American Society cf Clinical Pathologists will of- 
fer the follewing postgraduate courses at its Educational 
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Center, located in the Illinois Medical Center. These 
courses are designed to be of interest to both pathologists 
and nonpathologists. Transportation to the ASCP Center 
will be provided from a downtown site. Correspondence 
and applications for these programs should be sent directly 
to the American Society of Clinical Pathologists, 2100 W 
Harrison, Chicago, IL 60612. Telephone: (312) 738-1336. 
The fee for each course is $40, and 3 hours’ credit will be 
given for each course. 


Saturday, June 22—9 AM-12 noon 


Course: Diagnostic Problems in Gynecologic Pathology 
Directors: FRANK VELLIOS, MD, Dallas, and ALAN B. P. 
Ne, MD, Cleveland 


This workshop will consist of case presentations of diag- 
nostic problems encountered in gynecologic pathology, ex- 
clusive of diseases of the ovaries. 


Sunday, June 23—9 AM-12 noon 


Course: Morphology of Smears and Bone Marrow Sections 
Director: THOMAS F. DuTCHER, MD, Royal Oak, Mich 


Most of the workshop will be devoted to the leukemias and 
lymphomas, including aspects of the fixation of bone mar- 
row aspirates and biopsy specimens and some uses and 
techniques of cytochemistry in the diagnosis of leukemia. 


Sunday, June 23—9 AM-12 noon 


Course: Quality Control of Laboratory Procedures in the Phy- 

sician’s Office 
Directors: LAURENCE P. SKENDZEL, MD, Traverse City, 
Mich, and BRADLEY E. COPELAND, MD, Boston 


The practical side of setting up quality contrel will be 
emphasized so that the practicing physician can institute 
quality control for office procedures, such as hemoglobin, 
hematocrit, glucose, urea nitrogen, cholesterol, and urine 
analysis. 


Monday, June 24—9 AM-12 noon 


Course: Dermatopathology—Pigmented Lesions of the Skin 
Director: J. LESLIE SMITH, JR., MD, Houston 


The course reviews benign and malignant pigmented 
lesions of the skin—the majority representing tumors com- 
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posed of melanocytes, with emphasis on histopathologic 
features and their correlation with clinical appearance 
and biologic behavior. 


Monday, June 24—9 AM-12 noon 


Course: Health Quality Measurement, Medical Communica- 
tions Systems, the Minicomputer, and You 
Directors: JAMES B. McCormick, MD, and FLOYD GER- 

STENFELD, Chicago 


Communication systems requirements for collection, stor- 
age, and transmission of medical information in the office, 
as well as the method of using a minicomputer as an 
assistant, will be covered. Participants will review the 
entire health quality measurement procedure from the 
standpoint of the physician, the nurse, and the patient. 


Tuesday, June 25—9 AM-12 noon 


Course: Clinical Interpretation of Multipanel Laboratory Data 
Directors: KENNETH A. SCHNEIDER, MD, and Epwarp J. 
FITZSIMONS, PHD, Chicago 


This workshop will be devoted to analysis of laboratory 
data in three classes of patients: (1) well patients (or 
check-ups), (2) symptomatically ill patients, and (3) 
clinically ill patients. 


Wednesday, June 26—9 AM-12 noon 


Course: Control of Hospital Associated Infections 
Director: JAMES B. HAMMOND, MD, Aberdeen Proving 
Grounds, Md 


General principles and goals of an infections control pro- 
gram, problems arising from the use of isolation tech- 
niques, inhalation therapy, intravenous therapy, dialysis, 
and chemotherapeutics, and problems arising from the 
environment, will be stressed. Consideration of teaching 
infection control, and the responsibilities of the Infection 
Control Committee will be included. 


General Sessions 


Sunday, June 23—2 PM 
McCormick Place, Room L 


Endocrine Emergencies in Surgery 
JAMES D. HARDY, MD, Jackson, Miss 


Intensive Care of the Multiple-Injury Patient 
JOSEPH H. CIVETTA, Miami, Fla 


The Treatment of Exceptional Blood Loss Anemia 

With Hyperbaric Oxygen 

GEORGE B. HART, MD, and ENRIQUE CHANG, MD, Long 
Beach, Calif 


The Surgical Consequences of Alcoholism 
ALBERT B. LOWENFELS, MD, Valhalla, NY 
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Femoro-Femoral Bypass Grafts—Choice or Compromise 
GULSHAN K. SETHI, MD, FRED C. CRAWFORD, MD, STEWART 
M. Scott, MD, and TimotHy TAKARO, MD, Oteen, NC 


Management of Metastatic Breast Carcinoma 
With the Use of Multi-Chemotherapy 
WILLIAM W. SHINGLETON, MD, Durham, NC 


The Soft Tissue Implications of Pelvic Trauma 
JOHN H. HARRIS, JR., MD, Carlisle, Pa 


Acupuncture 
ALBERT FIELDS, MD, Los Angeles 


Monday, June 24—9 AM 
McCormick Place, Room O 


Joint meeting with the Sections on Gastroenterology, In- 
ternal Medicine, Pathology, and Radiology 


Panel on Portal Hypertension 


Moderator: W. DEAN WARREN, MD, Atlanta 
Participants: 
Gastroenterology: JOHN GALAMBOS, MD, Atlanta 
Radiology: PETER J. SONES, MD, Atlanta 
Pathology: PAUL B. SZANTO, MD, Atlanta 


Tuesday, June 25—2 PM 
McCormick Place, Room K 


Joint meeting with the Sections on Gastroenterology, In- 
ternal Medicine, and Radiology 


Panel on G.I. Bleeding 


Moderator: HENRY COLCHER, MD, New York 
Panelists: 
MITCHELL A. SPELLBERG, Chicago—Internal Medicine 
Eppy D. PALMER, MD, Long Valley, NJ—Internal 
Medicine 
JOHN L. SAWYERS, MD, Nashville, Tenn—General Sur- 
gery 
(Speaker to be announced) —Radiology 


Wednesday, June 26—9 AM 
McCormick Place, Room J 


Joint meeting with the Sections on Colon and Rectal Sur- 
gery and Urology 


Symposium on Urological Problems Encountered 
in Surgery of the Colon and Rectum 


Moderator: JOHN E. Ray, MD, New Orleans 
Panelists: 
SAMUEL S. CLARK, MD, Chicago 
WINSTON K. MEBustT, MD, Kansas City, Kan 
WILLIAM H. REMINE, MD, Rochester, Minn 
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AMA ANNUAL CONVENTION 
JUNE 22-26, 1974 
CHICAGO, McCORMICK PLACE 


e Scientific Sessions including Hypertension/Management of 
Obesity/A Practitioner's Approach to Angina—1974 


e Postgraduate Courses including Cardiopulmonary 
Resuscitation/Total Parenteral Nutrition/Workshop on 
Human Sexuality/American Society of Clinical Pathologists: 
special courses for non-pathologists 


e Fireside Forums—return of a popular evening session 
in a new “meet the professor” format 


èe Scientific Exhibits including Clinical Pathologic 
Conferences/Live Teaching Clinic/Fresh Tissue Pathology 


e Film Symposia including a 2-day session on techniques 
of producing a medical motion picture in your hospital 


e Charter flights are being planned from Los Angeles, 
San Francisco and Dallas. 





Special Postgraduate Courses 


*Diagnostic Problems fh Gynecologic Pathology/Saturday, June 24/9 a.m.-Noon (3 hour course: $40) 
See Foetnote ‘Numbe= 32) 


*Morphclogy o Smears and Bone Marrow Sections/Sunday, June 23/9 a.m.-Noon (3 hour course: 
$40) See Footncte (Nemper 33) 


*Quality Control of Laboratory Procedures in the Physician’s Office/Sunday, June 23/9 a.m.- 
Noon (3 hour course: $40) See Footnote (Number 34) 


*Health Quality Measurement, Medical Communications Systems, The Minicomputer and You/Monday, 
June 24/9 a.m.-Noon 3 hour course: $40) See Footnote (Number 35) 


*Dermatopathology -- Pigmented Lesions of the Skin/Monday, June 24/9 a.m.-Noon (3 hour course: 
$40) Sæ Footncte (Nemper 36) 


*Clinical Interp-etation of Multipanel Laboratory Data/Tuesday, June 25/9 a.m.-Noon (3 hour course: 
$40) Se= Footnote (Number 37) 


“Control of Hospital Associated Infections/Wednesday, June 26/9 a.m.-Noon (3 hour course: $40) 
See Foetnote ‘Number 33) 


**Radiclogy of the Skevetal System/Sunday-Tuesday, June 23-25 (One 3 day course: AMA or ACR 
members anc all residents -- $200; non-members of AMA or ACR -- $240) To be held at the 
Sheraton-Chicego/See Footnote (Number 39) 


“Half-day “dry aboratcry’ courses modified to meet needs of non-pathologist office practitioner; co-sponsored 
by American Society cf Clinical Pathologists (ASCP) and American Medical Association (AMA). For registration 
informetion, write directly to: AMA-ASCP Workshop Registration, American Society of Clinical Pathologists, 
2100 W. Harrison St., Chicago, IL 60612. These courses only will be held in the ASCP Educational Center's 
Auditomum and transportation will be provided. 

“Ones day course co-sponsored by the American College of Radiology (ACR) and the American Medical Associ- 
ation »AMA). For recistration information, write directly to: AMA-ACR Course No. 39, American College of 
Radiology, 6900 Wisconsin Ave., Chevy Chase, MD 20015. The courses will be held in the Sheraton-Chicago 
Hotel, Chicago See following page for registration -> 
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123rd AMA Annual Convention 
June 22-26, 1974/Chicago/McCormick Place 


Advance Registration 
Please return to: 


This form must be returned before May 24, 


General Registration 

___._.AMA members and their guests: no fee 
Non-member physicians: $25 

Guests of non-members: $5 

Medical students, interns and residents: no | 











Please print 


Name 2r EES 
(each physician must register in his own name) 


Office Address 
City/State/Zip 


1974. Your Advance Registrat 


Card and tickets will be sent to you on June 6, unless you request an ear 


Circulation and Records Department 
American Medical Association 

535 North Dearborn Street 

Chicago, Illinois 60610 


mailing date. (If you have not received your Postgraduate Course tickets by f 
day, June 21, stop at the special Course Registration Desk in McCormick Pla 
If the course(s) of your choice has been filled, your check will be returned | 
mediately after the convention. Courses not filled by May 24 will be open 
registration during the convention.) 





Postgraduate Course Registration 


Here are the dates and fees for the postgraduate courses. Using 
the corresponding number beside each course, indicate by num- 
ber your choices for each day, in order of preference, in the 
space provided below the listing. Please try to avoid choices 
which conflict with each other in dates and times. If minimum 
course registration is not attained for your 1st choice, or if the 


course is full, one of your alternate choices will be substitut 
Take into consideration that the American College of Radiol 
course and the courses sponsored by the American Society 
Clinical Pathologists are being offered at times which conf 
with some of the courses. Note: All medical students, inte 
and residents are entitled to a 50% discount on registrat 
fees, excluding ACR and ASCP courses. 


eee ee 


Saturday, June 22/9 a.m.-5 p.m. (6 hour course: $40) 

_ Acid-Base, Fluid and Electrolyte Balance 

. Gynecologic Endoscopy (for physicians with major 
practice in Gynecology) 

_ Life-Saving Measures for the Critically Injured 

. Management of Acute Respiratory Failure 
Management of Hypertension 

Ophthalmoscopy for the Non-Ophthalmologist 

The Physician in Mid-Career 

_ Prosthetics and Prosthetics Users 


Saturday, June 22 (Numbers 1-8) 
Ist choice # 
2nd choice # 
3rd choice # 
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Sunday, June 23/9 a.m.-5 p.m. (6 hour course: $40) 
9. Acid-Base. Fluid and Electrolyte Balance 
. Chronic Obstructive Lung Disease 
. Clinical Occupational Medicine for Community Physicians 
. Dermatological Surgery for the Dermatologist 
(for physicians with major practice in Dermatology) 
(For this #12 course only . . . $50) 
. Diagnosis and Management of Common Renal Diseases 
. Drugs in the Emergency Room 
. Office Urology for the Non-Urologist 
. Practical Aspects of Diagnosis and Treatment of Hepatitis 
. Total Parenteral Nutrition 
. Workshop on Human Sexuality—Opportunity for Attitude 
Self-Assessment 
Course #19 & 20 only—2-5 p.m. (3 hour course: $20) 
_ Care of the Patient in the Perioperative Period: Anesthesia 
_ Radiology of the Chest 


Sunday, June 23 (Numbers 9-20) 
tst choice # 
2nd choice #____ 
3rd choice # 











Monday-Wednesday, June 24-26/7:30-9 a.m. 

(4'2 hour 3-day course: $30) 

21. Changing Dimensions in Venereal Disease 

22. The Child in the Emergency Room 

23. Dermatology for Non-Dermatologists 

24. Office and Hospital Management of Anorectal Disease 
25. Otolaryngology in Family Practice 

26. Sports Medicine and Athletic Injuries 


Monday-Wednesday, June 24-26 (Numbers 21-26) 
1st choice # 
2nd choice # 
3rd choice # 











(Detach and return this form) 


In accordance with AMA Bylaws, | hold active membership 
the AMA, and | wish to vote in the Scientific Section | hi 
checked: 


01 O Allergy 25 O Neurology 
02 O Anesthesiology 13 O Obstetrics 
26 O Cardiovascular Diseases and Gynecology 
05 O Clinical Pharmacology 14 O Ophthalmology 
and Therapeutics 15 O Orthopedic Surgery 
20 O Colon and Rectal Surgery 10 O Otorhinolaryngology 
03 O Dermatology 16 O Pathology 
04 O Diseases of the Chest 17 O Pediatrics 
07 O Family and General 18 O Physical Medicine 
Practice and Rehabilitation 
11 O Federal and Military 27 O Plastic and 
Medicine Reconstructive Surg 
06 O Gastroenterology 19 O Preventive Medicine 
08 O General Surgery 12 O Psychiatry 
09 O Internal Medicine 21 O Radiology 
24 O Neurological Surgery 22 O Urology 


| am a member of the AMA though the following State Medi 
Association or government service = 





Special Courses 


Basic Life Support—Cardiopulmonary Resuscitation 

8 a.m.-12:30 p.m. (4'2 hour course: $50 

Same course offered 4 different days 

27. Saturday, June 22 29. Monday, June 24 
28. Sunday, June 23 30. Tuesday, June 25 


Advanced Life Support—Cardiopulmonary Resuscitation 
(Prerequisite: Basic Life Support) 
31. Wednesday, June 26/9 a.m.-5 p.m. (6 hour course: $65) 


Special Courses 

Basic Life Support—Cardiopulmonary Resuscitation 
(Numbers 27-30) 

tst choice # 3rd choice # 

2nd choice # 4th choice # 


Advanced Life Support—Cardiopulmonary Resuscitation 
(Number 31) 
————— Wednesday, June 26 





My remittance of $ is enclosed. 
(Make check payable to American Medical Associatio 
Check must accompany registration. 
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New Olympus intermediate length colonoscope 
CF-MB is beautiful... 


when you get to know it. 


Some pdeople say our new CF-MB couldn’t be called “pretty.” Olympus could have made it 
“prettier” but your working requirements were more important. Every request for capabilities 
made by lead ng doctors whom we consulted, is built into CF-MB. The benefits of one-hand 
contro were asked for most. Olympus CF-MB now offers simultaneous observation anc target 
biopsy The new CF-MB with 1110mm working length and 4-way tip angulation, makes it easier 
to observe, perform cytology or biopsies and automatically photograph all areas, from the rec- 
tum, tc the trensverse colon with minimum patient discomfort, fast and accurately. The longer 
CF-LB is available for work beyond, to the ileum and cecum. For more information write to 
Olympus Corporation of America, Medical Instrument Division, 2 Nevada Drive, New Hyde 
Park, New York 11040. 


OLYMPUS 






The most precise diagnoses 

have the support of target 
— oT biopsy and a 

clear photo record. 
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Olympus CF-MB gives you both. This 
x-ray shows CF-MB in position to ob- 
serve, biopsy and photograph in mid- 
transverse colon. The photo, taken in 
color, is proof of an existing polyp 
which x-ray might have missed. 
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NEW-FHOM ARMOU N We , 
new features in disposable enemas 


soft, rounded tip 
for easy and 


Safe insertion $ 
long tip 


allows for deeper reach 
into the rectum; 
minimizes spillage 


soft body 
fits the hand; 
gives maximum control 
and easier emptying 


single-unit construction 
(with sealing tip cover) 
provides a virtually 
tamper-proof, 
leak-proof enema 





Standard phosphate formula. Complete, 
ready-to-use, prelubricated disposable enema 


PHOSPHATE DISPOSABLE 
7 ENEMA 


the safe and easy enema from armour 


For technical literature and patient aid materials write: Armour Pharmaceutical Company, Phoenix, Arizona 85077 


Net Contents. Each unit cont ains 4¥2 fl. oz. Each 100 ml. contains: Sodium Pap ag 16 g., Sodium 
Phosphate, 6 g. Preservative s: Methylparaben, U.S.P., 10 g. and Propylparaben, U.S.P., 

Indications. As a cleansing enema. Contrair ndications. Do not use when nausea, vom in or abdominal 
pain is present. Warning. Frequent or prolonged use may result in dependence. Caution. Not for children 


under two years, unless directed by physician. 
Dosage. Adults, 4 fl. oz.; Children 2 fl. oz. or as directed by a physician. FOR RECTAL USE ONLY. 


DISTRIBUTED BY ARMOUR PHARMACEUTICAL COMPANY, PHOENIX, ARIZONA 85077. 0 
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Su*gical Manpower: A Symposium 


R. Warren, M. K. DuVal 637 


Mejor Lower Extremity Amputations Following Arterial Reconstruction . . .E. M. Burgess, 
F. W. Marsden 655 


Nonatherosclerotic Segmental Arterial Occlusion of the Extremity ........... K. Inada, 

Y. Iwashima, A. Okada, K. Matsumoto 663 
Prolonged Radial-Artery Catheterization . .J. B. Downs, R. L.. Chapman, Jr., |. F. Hawkins, Jr. 671 
Vascular Compression of the Duodenum and Peptic Ulcer Disease. ... . N. W. Thompson, 


J. C. Stanley 674 
Or the Corrosive Properties of Bile and Pancreatic Juice on Living Tissue in Dogs 


G. Wickbom, F. L. Bushkin, C. Linares, L. R. Dragstedt 680 
Early Posttransplant Renal Nonfunction....... .... T. C. Moore, T. S. English, T. V. Berne 685 
Nenunion of the Carpal Navicular.......................... B. Sprague, E. J. Justis, Jr. 692 
Re ee rere er rete r es etre res a G. S. Laros 698 
Effect of Vagotomy on Hormones Stimulating Pancreatic Secretion... . . .S. J. Konturek, 
H. D. Becker, J. C. Thompson 704 
Hemodynamic Response to Vasodilation and Exercise in ‘‘Critical’”’ Arterial Stenosis 
| W. Weissenhofer, W. G. Schenk, Jr. 712 
Alveolar Macrophage Function in Immunized, Burned Rats. . . W. A. Skornik, D. P. Dressler 715 
A New Method for Covering Large Surface Area Wounds With Autografts 
I. In Vitro Multiplication of Rabbit-Skin Epithelial Cells . . . . .A. E. Freeman, H. J. Igel, 


N. L. Waldman, A. M. Losikoff 721 


Il. Surgical Application of Tissue Culture Expanded Rabbit-Skin Autografts 
H. J. igel, A. E. Freeman, C. R. Boeckman, K. L. Kleinfeld 724 


Surgical Treatment of Staphylococcus aureus Endarteritis ............ N. A. Silverman, 
J. C. Gunnells, Jr., D. L. Stickle 730 


a a ee ee ee H. S. Saw, K. Somasundaram, R. Kamath 733 
Small Bowel Polyps and Carcinoma in Multiple Intestinal Polyposis.J. E. Ross, J. E. Mara 736 


Mediastinal Hemorrhage From Parathyroid Adenoma Simulating Dissecting Aneurysm 


B. E. Berry, P. C. Carpenter, R. E. Fulton, G. K. Danielson 740 

An Appliance for Management of the Diverting Loop Colostomy ......... M. L. Corman, 
M. C. Veidenheimer, J. A. Coller 742 

High-Speed Pneumatic Drill for Biopsy of Thyroid Lesions .... .H. S. Sachdeva, J. D. Wig, 
C. Kanta, B. N. Dutta 744 


jg a ees a ree EANET IET PE EE EP M. H. Sher 746 








You expect your preoperative patient to be somewhat anxious 
and apprehensive about the scheduled surgery. But in some cases, 
psychic tension reaches undesirable levels 
as the time for the procedure approaches. 

In such situations, 10 mg Injectable 
Valium’ (diazepam), administered I.M. an 
hour or two before the operation, can lessen 
the undue anxiety and tension associated 
with strange surroundings and disturbing 
procedures. The calming effect is generally 
prompt and pronounced. What’s more, 








Valium (diazepam) can markedly reduce the 
patient’s recall of preoperative procedures. 
Injectable Valium seldom significantly 
alters vital signs. Nevertheless, there have been 
infrequent reports of hypotension and rare 
reports of apnea and cardiac arrest, usually 
following I.V. administration, especially in 
elderly or very ill patients. 
and those with limited 
pulmonary reserve. 


Resuscitative facilities 
should be available. 













When given in conjunction with narcotics 
eduction of narcotic dosage should be considered. ™ 
(See prescribing information.) — 
Do not mix or dilute Injectable Valium 
with other drugs, solutions or fluids. 

The 10-mg disposable syringe is especially 
useful in this respect, since it provides 

a convenient method of using Valium and 
at the same time helps assure 

aseptic handling. 
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Tr T Hectable Valum (diazepam) 
can ease the way 4m 


Before prescribing, please consult complete product information, 
a summary of which appears on the following page. 





Prior to surgery, to relieve excessive anxiety; additionally, 


may diminish recall 


Injectable Valium diazepam) 


ready-to-use 2-ml Tel-E-Ject disposable syringes) 


Before prescribing, please consult 
complete product information, a sum- 
mary of which follows: 

Indications: Tension and anxiety 
states; somatic complaints which are con- 
comitants of emotional factors; psycho- 
neurotic states manifested by tension, 
anxiety, apprehension, fatigue, depressive 
symptoms or agitation; symptomatic re- 
lief of acute agitation, tremor, delirium 
tremens and hallucinosis due to acute al- 
cohol withdrawal; adjunctively in: relief 
of skeletal muscle spasm due to reflex 
spasm to local pathology; spasticity caused 
by upper motor neuron disorders; athe- 
tosis; stif/man syndrome; tetanus; status 
epilepticus and severe recurrent seizures; 
adjunctively in anxiety, tension or acute 
stress reactions prior to endoscopic and 
surgical procedures; cardioversion. 

Contraindicated: In infants; in pa- 
tients with known hypersensitivity to the 
drug; in acute narrow angle glaucoma; 
may be used in patients with open angle 
glaucoma receiving appropriate therapy. 

Warnings: Inject I.V. slowly, directly 
into vein; take at least one minute for each 
5 mg (I ml) given. Do not mix or dilute with 
other solutions or drugs. Do not add to 
I.V. fluids. Administer with extreme care 
to elderly or very ill and those with limited 
pulmonary reserve because of possibility 
of apnea and/or cardiac arrest; have re- 
suscitative facilities available. When used 
with narcotic analgesic eliminate or re- 
duce narcotic dosage at least 14, admin- 
ister in small increments. Should not be 
administered to patients in shock, coma, 
acute alcoholic intoxication with depres- 
sion of vital signs. As with most CNS- 
acting drugs, caution against hazardous 
occupations requiring complete mental 
alertness (e.g., operating machinery, 
driving). Advise against simultaneous in- 
gestion of alcohol and other CNS depres- 
sants. Withdrawal symptoms (similar to 
those with barbiturates and alcohol) have 
occurred following abrupt discontinuance 
(convulsions, tremor, abdominal and 
muscle cramps, vomiting and sweating). 
Keep addiction-prone individuals under 
careful surveillance because of their pre- 
disposition to habituation and depend- 
ence. In pregnancy, nursing women or 
women of childbearing potential, weigh 
expected benefit against possible hazard 
to mother and child. Not recommended 
for OB use. 


10-ml vials 


5mg/ml 


2-ml ampuls 


Precautions: If combined with other 
psychotropics or anticonvulsants, care- 
fully consider individual pharmacologic 
effects—particularly with known com- 
pounds which may potentiate action of 
Valium (diazepam), ?.e., phenothiazines, 
narcotics, barbiturates, MAO inhibitors 
and other antidepressants. Protective 
measures indicated in highly anxious pa- 
tients with accompanying depression who 
may have suicidal tendencies. Observe 
usual precautions in impaired hepatic 
function; avoid accumulation in patients 
with compromised kidney function. 
Laryngospasm and increased cough reflex 
are possible during peroral endoscopic 
procedures; use topical anesthetic and 
have necessary countermeasures available. 
Hypotension or muscular weakness pos- 
sible, particularly when used with nar- 
cotics, barbiturates or alcohol. Use lower 
doses (2 to 5 mg) for elderly and debili- 
tated; safety and efficacy in children 
under 12 not established. 


Adverse Reactions: Drowsiness, fa- 
tigue, ataxia, venous thrombosis and 
phlebitis at injection site, confusion, 
depression, dysarthria, headache, hypo- 
activity, slurred speech, syncope, tremor, 
vertigo, constipation, nausea, inconti- 
nence, changes in libido, urinary reten- 
tion, bradycardia, cardiovascular collapse, 
hypotension, blurred vision, diplopia, 
nystagmus, urticaria, skin rash, hiccups, 
changes in salivation, neutropenia, jaun- 
dice. Paradoxical reactions such as acute 
hyperexcited states, anxiety, hallucina- 
tions, increased muscle spasticity, in- 
somnia, rage, sleep disturbances and 
stimulation have been reported; should 
these occur, use of the drug should be 
discontinued. Cough, depressed respira- 
tion, dyspnea, hyperventilation, laryngo- 
spasm and pain in throat and chest have 
been reported in peroral endoscopic pro- 
cedures. Isolated reports of neutropenia, 
jaundice; periodic blood counts and liver 
function tests advisable during long-term 
therapy. Minor EEG changes, usually 
low-voltage fast activity, of no known 
significance. 

Dosage: Usual initial adult dose is 
2 to 20 mg I.M. or I.V., depending on in- 
dication and severity. Larger doses may 
be required in some conditions (tetanus). 
In acute conditions injection may be re- 
peated within | hour, although interval 
of 3 to 4 hours is usually satisfactory. 


Lower doses (usually 2 to 5 mg) with slow 
dosage increase for elderly or debilitated 
patients and when sedative drugs are 
added. (See Warnings and Adverse Re- 
actions.) Give I.V. injections slowly, di- 
rectly into vein; take at least 1 minute 
for each 5 mg (1 ml); avoid small veins. 
I.M. should be by deep injection. Do not 
mix or dilute with other solutions or 
drugs. Do not add to I.V. fluids. Moderate 
psychoneurotic reactions, 2 to 5 mg I.M. 
or I.V. and severe psychoneurotic reac- 
tions, 5 to 10 mg I.M. or I.V., repeat in 3 
to 4 hours if necessary; acute alcoholic 
withdrawal, 10 mg I.M. or I.V. initially 
then 5 to 10 mg in 3 to 4 hours if neces- 
sary; muscle spasm, 5 to 10 mg I.M. or I.V. 
initially, then 5 to 10 mg in 3 to 4 hours 
if necessary (tetanus may require larger 
doses); status epilepticus, severe recur- 
rent convulsive seizures, 5 to 10 mg I.M. 
or I.V. initially, repeat in 2 to 4 hours if 
necessary. In endoscopic procedures, ti- 
trate I.V. dosage to desired sedative re- 
sponse, generally 10 mg or less but up to 
20 mg (if narcotics are omitted) immedi- 
ately prior to procedure; if I.V. cannot be 
used, 5 to 10 mg I.M. approximately 30 
minutes prior to procedure. As preopera- 


tive medication, 10 mg I.M.; in cardio- 


version, 5 to 15 mg I.V., within 5 to 10 
min. prior to procedure. Once acute 
symptomatology has been properly con- 
trolled with injectable form, patient may 
be placed on oral form if further treat- 
ment is required. 
Management of Overdosage: Manifes- 
tations include somnolence, confusion, 
coma and diminished reflexes. Monitor 
respiration, pulse, blood pressure; em- 
ploy general supportive measures, I.V. 
fluids, adequate airway. Use levarterenol 
or metaraminol for hypotension, caffeine 
and sodium benzoate for CNS-depressive 
effects. Dialysis is of limited value. 
Supplied: Ampuls, 2 ml, boxes of 10; 
Vials, 10 ml, boxes of 1; Tel-E-Ject® (dis- 
posable syringes), 2 ml, boxes of 10. Each 
ml contains 5 mg diazepam compounded 
with 40% propylene glycol, 10% ethyl 
alcohol, 5% sodium benzoate and benzoic 
acid as buffers, and 1.5% benzyl alcohol 
as preservative. 


Roche Laboratories 
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Nutley, New Jersey 07110 
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When parenteral analgesia 
is mo longer required, 

Ev pirin Compound with 
Codeine usually provides the 
relief needed. 
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Erapirin Compound with 
Codeine is effective for 
visceral as well as soft tissue 
Cain—prevides an antitussive 
Ecnus in addition to its 
compt, predictable 
eralgesia. 


Gi prescribing convenience: 
— up to 5 refillsir 6months, 

etyour discretion (unless 

restricted by state aw); by 


t:ephone orderin nany states. 


Empirin Compound with 
Codeine No. 3, codzine 
»hosphate* 32.4 mg. (gr. 12); 
No. 4, codeine phosphate* 
64.8 mg. (gr. 1) *Warning— 
may be habit-forming. Each 
taplet also contains: aspirin 
er. 3V2, phenacetir gr. 2%, 
-effeine gr. 1⁄2. 


kra | Burroughs Wellcome Co. 
Research Triangle Park 
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Lederle Laboratories presents 
EXPLORATIONS IN ANTIMICROBIAL THERAPY 


DISCOVER 


microbial specificity in a wide range of 
hospital infections due to susceptible 
pathogens* 








MINOCYCLINE HCI 
INTRAVENOUS 100 mg/vial 


Meets bacterial 
challenges 
in the hospital 









MINOCIN Minocycline HC/ 
Intravenous administered 
in dosages identical to 
the usual oral regimen of 
MINOCIN, 200 mg 
initially, 100 mg q.12 h. 
provides prompt 
antimicrobialserum 
levels to control in- 
fections caused by 
susceptible patho- 
gens in the hospital 


importance, such as 
susceptible Bacteroides sp., 
Clostridium sp. and Mima- 
Herellea sp., implicated 
in postsurgical G.I. and 
G.U. infections; and 
against populations of 
ecognized importance 
such as E. coli and 
Klebsiella sp. (See 
Table II.) 


MINOCIN I.V. used 
as recommended 
rarely results in 


MINOCIN can be 
effective in the 


treatment of pneu- thrombophlebitis. 
monia, skin and If MINOCIN I.V. is 
soft tissue infec- given over pro- 
tions, bacteremia longed periods, 


however, throm- 
bophlebitis may 
occur. In all appli- 
Cable cases, oral 
MINOCIN should be 
instituted as soon as 
possible. 


and septicemia. In 
hospital infections, 
it can be useful 
against populations 
of pathogens 
assuming increasing 


*When bacteriologic testing indicates appropriate 
susceptibility to MINOCIN Minocycline HCI. 
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The major part of the dasa in humans ws derived from the pharmacologic trial in patients scheduled for various types of surgery. 
They were giventhe MI NOCIN toadinedose of 200 mg initially followed by 100 mg at 12-hour intervals for four days. At the time of 
surgery, a blood sampleaas drawn anca two-gram specimen of excised tissue was reserved for analysis. 


TABLE Il 


PENETRATES SITES OF INFECTION TO 
OVERCOME SUSCEPTIBLE HOSPITAL PATHOGENS* 


PATHOGEN” 


Bacteroides sp. 


Clostridium sp. 


E. coli 


Klebsiella sp- 


D. pneumoniae 


Enterobacter 
(Aerobacter) 


H. influenzae 


Enterococcus 


Mima-Herellea sp. 


Staphylococcus aureus*** 


_ *When bacterioicgic testi 
= MINOCIN Minecyclire H 
**MINOCIN not active against Proteus sp or Pseudomonas. 
***etracyclines are not *hedr 
staphylococcal infections. MiNOCIV is indicated for treatment of 
Staphylococcus aurews in skin and sf: tissue infections only when 
bacteriologic tests indicate appropriate susceptibility to the drug. 


INOCIN Minocycline HC! | 
penetration levels after oral administration: 
respiratory, G.I., G.U. and other tissues/fluids 
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IN VITRO ACTIVITY+ OF MINOCIN Minocycline HCI 
AGAINST 421 STRAINS OF VARIOUS BACTERIA, 
INCLUDING PATHOGENS AND NONPATHOGENS}+ 





NUMBER OF 
a oncanisy AARS | maara 
Gallbladder 
yy Pet ncaa Staphylococcus aureus 56 EE 
Diplococcus pneumoniae 35 31 
Gallbladder Streptococcus, group A 63 57 
Streptococcus, group B 12 6 
ipia Streptococcus, group C 3 3 
G.U. Tract Streptococcus, group G 3 3 
Streptococcus viridans 31 30 
Respiratory Tract Enterococcus 36 6 
G.U. Tract Neisseria gonorrhoeae 25 21 
j Hemophilus influenzae 15 1 
COROT Escherichia coli 48 32 4 
aati Proteus sp.tt+t 34 3 4 
G.U. Tract Klebsiella 17 9 J- 
Enterobacter aerogenes 3 3 W 
Respiratory Tract Enterobacter cloacae 7 3 A 
Serratia 4 4 , 4 
Lower Bowel Herellea 7 7 a 
an. sree Mima polymorpha 1 1 A 
isi Pseudomonas aeruginosa tt 15 6 E 


Vaginal Tract 


aasi 


Skin and Soft Tissue 


t No direct correlation should be inferred between in vitro and 
in vivo activity. 
++ No approved clinical indication for MINOCIN therapy in infections 
due to Proteus sp., Pseudomonas. 
+++ Includes two strains of P. morganii and P. rettgeri and 32 of 
P. mirabilis. : 


ere appropriate susceptibility to 
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of chace in the treatment of any type of 


Before prescribing MINOCIN, please refer to the prescribing information for full description 
of adverse effects and precautions, a copy of which is on the last page of this advertisement. 
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MINOCYCLINE HCI 


semisynthetic tetracycline 
for office and hospital 


MINOCIN provides 
effective therapy with 
relatively few problems 


® Penetrates tissues of respiratory, G.I. and 
G.U. tracts, skin and muscle. 


® No photosensitivity to date. 


@ Well absorbed even with food, dairy 
products or colas. 


@® Enamel hypoplasia/tooth staining can 
occur in children under eight. 


@ If renal impairment exists, lower than 
usual doses are indicated. (See WARNING 
in Package Insert.) 


@ Lightheadedness that may occur is tran- 
sient, disappearing during therapy or always 
after therapy is completed. 


® Dosage form flexibility: supplied as 50 mg 
and 100 mg capsules, 50 mg/5 cc syrup, and 
100 mg/Vvial intravenous. 





Lederle Laboratories 
ederle A Division of American Cyanamid Company 
Pearl River, N.Y. 10965 
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50 mg 
CAPSULE 
...lf more 
frequent doses 
are preferred 






MINOCIN’ Minocycline Hydrochloride 


Oral and Intravenous 


DESCRIPTION: MINOCIN minocycline hydrochlio- 
ride is a semi-synthetic derivative of tetracycline. 
7-dimethylamino-6-deoxy-6-demethyltetracycline 
hydrochloride. 


Intravenous: Each vial, dried by cryodesiccation, 
containssterile Minocycline Hydrochloride equiva- 
lent to 100 mg. Minocycline. When reconstituted 
with 5 cc. of Sterile Water For Injection the pH 
ranges from 2. 0to28 


ACTIONS: Microbiology. The tetracyclines are pri- 
marily bacteriostatic and are thought to exert their 
antimicrobial effect by the inhibition of protein syn- 
thesis. Minocycline HCI is a tetracycline with anti- 
bacterial activity comparable to other tetracyclines 
with activity against a wide range of gram-negative 
and gram-positive organisms. 

Tube dilution testing: Microorganisms may be 
considered susceptible (likely to respond to mino- 
cycline therapy) if the minimum inhibitory concen- 
tration (M.I.C.) isnot more than 4.0 mcg./ml. Micro- 
organisms may be considered intermediate 
(harboring partial resistance) if the M.I.C. is 4.0 to 
12.5 mcg./ml. and resistant (not likely to respond to 
minocycline therapy) if the M.1.C. is greater than 
12.5 meg./ml. 

Susceptibility plate testing: If the Kirby-Bauer 
method of susceptibility testing (using a 30 mcg 
tetracycline disc) gives‘a zone of 18 mm. or greater, 
the bacterial strain is considered to be susceptible 
to any tetracycline. Minocycline shows moderate 
in vitro- activity against certain strains of 
staphylococci which have been found resistant to 
other tetracyclines. For such strains minocycline 
susceptibility powder may be used for additional 
susceptibility testing 


INDICATIONS. MINOCIN minocycline HCI is indi- 
cated in infections caused by the following micro- 
organisms: 

Rickettsiae: (Rocky Mountain spotted fever, ty- 

phus fever and the typhus group, Q fever, rickett- 

sialpox, tick fevers.) 

Mycoplasma pneumoniae (PPLO,. Eaton agent) 

Agents of psittacosis and ornithosis. Agents of 

lymphogranuloma venereum and granuloma in- 

guinale. The spirochetal agent of relapsing fever 

(Borrelia recurrentis). The following gram-nega- 

tive micro-organisms: Hemophilus ducreyi 

(chancroid), Pasteurella pestis and Pasteurella 

tularensis, Bartonella bacilliformis, Bacteroides 

species, Vibrio comma and Vibrio fetus. Brucella 
species (in conjunction with streptomycin). 

Because many strains of the following groups of 
micro-organisms have been shown to be resistant 
to tetracyclines, culture and susceptibility testing 
are recommended 

M!NOCIN minocycline HCI is indicated for treat- 
ment of infections caused by the following gram- 
negative micro-organisms, when bacteriologic test- 
ing indicates appropriate susceptibility to the drug: 

Escherichia coli, Enterobacter aerogenes (for- 

merly Aerobacter aerogenes), Shigella species. 

Mima species and Herellea species. Haemo- 

philus influenzae (respiratory infections), Kleb- 

siella species (respiratory and urinary infections). 

MINOCIN is indicated for treatment of infections 
caused by the following gram-positive micro-or- 
ganisms when bacteriologic testing indicates ap- 
propriate susceptibility to the drug: 
Streptococcus species: Up to 44 percent of strains 
of Streptococcus pyogenes and 74 percent of 
Streptococcus faecalis have been found to be re- 
sistant to tetracycline drugs. Therefore, tetracy- 
clines should not be used for streptococcal disease 
unless the organism has been demonstrated to be 
sensitive. 

For upper-respiratory infections due to group A 
beta-hemolytic streptococci, penicillin is the usual 
drug of choice, including prophylaxis of rheumatic 
fever 


10C mp/Vial 


MINOCIN Capsules 
10C mg 


MINGCIN Capsules 
50mg 


‘MIN@CIN Syrup 
50 ™@/5 cc 


Dipio=ascus preumormae 
StapPylecoccus aureus, skin anc soft tissue infec- 
tions Tetracyclimes are not the drug of choicein the 
treatment of any type ef staphylococcal infection. 
Whempenicil in is cantraincicated, tetracyclines 
are albernative srugs im thetreatment of infections 
dueto: 
Nesseria gororrhocae. Treponema pallidum and 
Treponema p=rtenue (syphi is and yaws), Listeria 
moaccytogeres, Cstridium species. Bacillus 
antoracis, Fesobacerium fusforme (Vincents 
infection). Actrnomy=zes species. 
In acute intestinal amebiasis, the tetracyclines 
may be @usefu adjunct to amebicides. 
MIMOCIN is indicated in the treatment of tracho- 
ma, &though tae infectious agent is not always 
elimimated, as judged Dy ‘mmunofluorescence. In- 
clusion conjunct witis may be t-eated with oral tetra- 
cyclimes or wit a combinaticn of oral and topical 
agens. 


Ord anly: In severe-acme, tne tetracyclines may 
be usful adjunctive therapy. Minocycline is indi- 
cated in the treatment of asymptomatic carriers of 
N. meningitidisto elimanate m=ningococci from the 
nasopharynx. 

In erder to pæservethe usefulness of MINOCIN 
minodeycline HOF in the treatment of asymptomatic 
meniagococca-carrie’s, diagnostic laboratory pro- 
cedures, inclusing serotypirg and susceptibility 
resting. should be perfermedto establish the carrier 
state andthe cerrect teatmert. It is recommended 
thatthedrug bereserved for s tuations in which the 
risk meningecoccatimeningitis is high 

Miroeycline snot irdicated for the treatment of 
menisgecoccaemftection. 


CON” FRAINDIGATIONS. This drug is contraindi- 
catecin persorswho aave-sshown hypersensitivity 
zo an” of the teracycl nes. 


WARNINGS. Ir the presence of renal dysfunction, 
particularly in pregnamcy. intravenous tetracycline 
therapyin dailycoses exceed ng 2 grams has been 
asseciated with deaths through liver failure. 

Whenthe nee for imensivetreatment outweighs 
ts posential damgers (mostly during pregnancy orin 
ndweiuals with know or suspected renal or liver 
impar ment), itis advisable to cerformrenalandliver 
-unetion tests before and during therapy. Also tetra- 
cyclime serum concenerations should be followed. 

If renal impaimment exists, even usual oral or par- 
enteral doses mzy leac to excess ve systemic accu- 
mulatiom of th= drug and possible liver toxicity. 
Jnde such corditions lower han usual total doses 
are imdicated, and if therapy is orolonged, serum 
‘evel determinations Cf the:drug may be advisable. 
This Bazard is of particular importance in the paren- 
teral administration oftetracyclines to pregnant or 
Dosi-partum patients with pyelonephritis. When 
used under these cireumstances, the blood level 
should not exeeed 15 micrograms/ml. and liver 
-uneton tests snould be madeat frequent intervals. 
Othe pptentiaty hepatotoxic drugs should not be 
orescribed concomitantly. 

The we of tetracyclines during tooth develop- 
ment last half ef pregrancy, irfancy, and childhood 
to the age of © years may cause permanent dis- 
coloration of th= teeth yellow-gray-brown). This ad- 
verse reaction ss more common during long-term 
usec the drucs but kas Deen onserved following 
repested shorsterm courses Enamel hypoplasia 
Nas @sowbeen reported. Tetracyclines, therefore, 
should mot be sed in this aga group unless other 
drugs are not |*ely tc be effective or are contra- 
ndicated 

Phetasensitimity manifested by an exaggerated 
sunbarn reaction has seem observed in some indi- 
vidua@s taking ftracyelines. Patients apt to be ex- 
posed to direc®sunlignt or u®raviolet light should 
pe acvised tha this reaction zan occur with tetra- 
cyciime drugs, and treatment should be discontin- 
Jed & the first =videnee of skin erythema. Studies 
‘oO date indicatethat photosensitivity does not occur 
with MENOCIN minocycline HCI. 





ADULT DOSAGE 
(GENERAL) 


200 mg initially, 
100 mg q. 12h. 


` 


200 mg initially, 
100 mg q. 12h. 


100 mg or 200 mg 
initially, 50 mg 
q.i.d. 


2 teaspoonfuls 
(100 mg) initially, 
1 teaspoonful 
(50 mg) q.i.d. 


PEDIATRIC DOSAGE 


(GENERAL) 


4 mg/kg initially, 


2 mg/kg q. 12h. 


4 mg/kg initially, 
2 mg/kg q. 12h. 


4 mg/kg initially, 
2 mg/kg q. 12 h. 


4 mg/kg initially. 


2 mg/kg q. 12 h. 


The antianabolic action of the tetracyclines may 
cause an increase in BUN. While this is not a prob- 
lem in those with normal renal function, in patients 
with significantly impaired function, higher serum 
levels of tetracycline may lead to azotemia, hyper- 
phosphatemia, and acidosis. 

CNS side effects including lightheadedness, diz- 
ziness or vertigo have been reported. Patients who 
experience these symptoms should be cautioned 
about driving vehicles or using hazardous machin- 
ery while on minocycline therapy. These symptoms 
may disappear during therapy and always dis- 
appear rapidly when the drug is discontinued. 


Usage in Pregnancy. (See above Warnings about 
use during tooth development.) 

Results of animal studies indicate that tetracy- 
clines cross the placenta, are found in fetal tissues 
and can have toxic effects on the developing fetus 
(often related to retardation of skeletal develop- 
ment). Evidence of embryotoxicity has also been 
noted in animals treated early in pregnancy. 


Usage in newborns, infants, and children. (See 
above Warnings about use during tooth develop- 
ment.) 

Alltetracyclines forma stable calcium complex in 
any bone forming tissue. A decrease in the fibula 
growthrate has been observed in prematures given 
oral tetracycline in doses of 25 mg./kg. every 6 
hours. This reaction was shown to be reversible 
when the drug was discontinued 

Tetracyclines are present in the milk of lactating 
women who are taking a drug in this class. 


PRECAUTIONS. As with other antibiotics prepara- 
tions. use of this drug may result in overgrowth of 
nonsusceptible organisms, including fung!. If super- 
infection occurs, the antibiotic should be discon- 
tinued and appropriate therapy should be instituted. 

In venereal diseases when coexistent syphilis is 
suspected, darkfield examination should be done 
before treatment is started and the blood serology 
repeated monthly for at least 4 months. 

Because tetracyclines have been shown to de- 
press plasma prothrombin activity, patients whoare 
on anticoagulant therapy may require downward 
adjustment of their anticoagulant dosage. 

In long-term therapy. periodic laboratory evalua- 
tion of organ systems. including hematopoietic. 
renal and hepatic studies should be performed. 

All infections due to Group A beta-hemolytic 
streptococci should be treated for at least 10 days. 

Since bacteriostatic drugs may interfere with the 
bactericidal action of penicillin. it is advisable to 
avoid giving tetracycline in conjunction with peni- 
cillin. 


ADVERSE REACTIONS. Gastrointestinal: Ano- 
rexia, nausea, vomiting, diarrhea. glossitis, dys- 
phagia, enterocolitis, and inflammatory lesions 
(with monilial overgrowth) in the anogenital region. 

These reactions have been caused by both the 
oral and parenteral administration of tetracyclines. 
Skin: Maculopapular and erythematous rashes. 
Exfoliative dermatitis has been reported but is un- 
common. Photosensitivity is discussed above. (See 
“Warnings. ) Renal toxicity: Rise in BUN has been 
reported and is apparently dose related. (See 
“Warnings `“) Hypersensitivity reactions: Urticaria, 
angioneurotic edema, anaphylaxis, anaphylactoid 
purpura, pericarditis and exacerbation of systemic 
lupus erythematosus. Bulging fontanels have been 
reported in young infants following full therapeutic 
dosage. This sign disappeared rapidly when the 
drug was discontinued. Blood: Hemolytic anemia, 
thrombocytopenia, neutropenia and eosinophilia 
have been reported. CNS: (See ‘Warnings. ) When 
given over prolonged periods. tetracyclines have 
been reportedto produce brown-black microscopic 
discoloration of thyroid glands. No abnormalities 
of thyroid function studies are known to occur. 


DOSAGE ANDADMINISTRATION: ORAL. Therapy 
should be continued for at least 24-48 hours after 


HOW SUPPLIED 


r 
1 Vial 100 mg 
Box of 100 Vials © 


it 
Bottles of 50's and 100's; 
Unit dose 10 x 10's. 


Bottles of 100's 


2-fluidounce Bottles 





symptoms and fever have subsided. RE 
Concomitant therapy: Antacids containing 
aluminum. calcium. or magnesium impair absorp- 


tion and should not be given to patients taking oral — 


tetracycline. 4 

Studiestodatehaveindicated thatthe absorption 
of MINOCIN is not notably influenced by foods and 
dairy products. r 

In patients with renal impairment: (See “Warn- 
ings.) Total dosage should be decreased by reduc- 
tion of recommended individual doses and/or by 
extending time intervals between doses. 


In the treatment of streptococcal infections. a 
therapeutic dose of tetracycline should be adminis- _ 


tered for at least 10 days. ; 
ADULTS: The usual dosage of MINOCIN minocy- 

cline HCI is 200 mg. initially followed by 100 mg. 

every 12 hours. Alternatively. if more frequent doses 


are preferred. two or four 50 mg. capsules may be — 


given initially followed by one 50 mg. capsule four 
times daily. 

CHILDREN: The usual dosage of MINOCIN mino- 
cycline HCl is 4 mg/Kg. initially followed by 2 mg / 
Kg. every 12 hours a? ‘ 

Fortreatment of syphilis. the usual dosage of 
MINOCIN should be administered:over a period of 
10-15 days. Close followup. including laboratory 
tests. is recommended 

Gonorrhea patients sensitive to penicillin may be 
treated with MINOCIN. administered as 200 mg. 


initially followed by 100 mg. every twelve hours for. 


a minimum of 4 days. with post-therapy cultures 
within 2-3 days. eke 

In the treatment of meningococcal carrier state 
recommended dose is 100 mg every 12 hours for 
five days. F 


DOSAGE AND ADMINISTRATION: INTRAVE- 
NOUS. Note: Rapid administration isto be avoided 
Parenteral therapy is indicated only when oral 
therapy is not adequate or tolerated Oral therapy 
should be instituted as soon as possible. If intrave- 
nous therapy is given over prolonged periods of 
time. thrombophlebitis may result. -; 
ADULTS: Usual adult dose: 200 mg. followed by 
100 mg. every 12 hours and should not,exceed 
400 mg. in 24 hours The drug should be initially dis- 


solved and then further diluted to 500-1,000.cc.with 


either Sodium Chloride Injection USP. Dextrose 
Injection USP, Dextrose and Sodium Chloride In- 
jection USP. Ringer's Injection USP, or, Lactated 
Ringer's Injection USP but not in other solution 
containing calcium (a precipitate may form). 

The reconstituted solutions are stable at room 
temperature for 24 hours without significant loss of 
potency. Any unused portions must be discarded 
after that period Thefinal dilution foradministration 
should be administered immediately. 

CHILDREN: Usual pediatric dose’ 4 mg./kg_ fol- 
lowed by 2 mg/kg. every 12 hours. 

In patients with renal impairment: (See —Warn- 
ings. ) 

Total dosage should be decreased by reduction of 
recommended individual doses and/or by extend- 
ing time intervals between doses. 


HOW SUPPLIED. Capsules—Minocycline Hydro- 
chloride equivalent to 100 mg. Minocycline. Hard- 
shell purple and orange. Bottles of 50 and 100; Unit 
Dose 10 x 10's. Product No. 5301 

Minocycline Hydrochloride equivalent to 50 mg. 
Minocycline. Hardshell orange. Bottles of 100 and 
Unit Dose 10 x 10's. Product No. 5300. 

Syrup—Minocycline Hydrochloride equivalent 
to 50 mg. Minocycline per teaspoonful (5 cc.) Pre- 
served with propylparaben O 10% and butylparaben 
0.06% with Alcohol USP 5% v/v. Custard-flavored in 
bottles of 2 fl. oz. Product No 5313 

Intravenous—100 mg. vials of sterile cryodesic- 


cated powder. Product No. 5305. (Combined 5/73) 


MILITARY FSN 6505-149-0574  100mgIV. | 


MILITARY FSN 6505-003-5112 } Spies ARS. 
VA FSN 6505-003-5112A } 100 mg tappas (50s) 
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High-Speed Pneumatic Drill for Biopsy of Thyroid Lesions 
H. S. Sachdeva, MD; J. D. Wig, MD; Chander Kanta, MD; 
B. N. Dutta, MD, Chandigarh, India 


Provides better histologic specimens. 


The Air Splint: An Alternative to the Immediate Postoperative Prosthesis 
Melvin H. Sher, MD, Framingham, Mass 


Has advantage of easy accessibility to the stump. 
(Editorial comment by Frank W. Clippinger, MD, Durham, NC) 
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Send manuscripts by first-class mail to the Chief Editor, 
Richard Warren, MD, 319 Longwood Ave, Boston 02115. 
Menuscripts are received with the understanding that 
they are not under simultaneous consideration by another 
publication. Accepted manuseripts become the permanent 
preperty af the ARCHIVES and may not be published else- 
where without permission from the publisher (AMA). 


C] All accepted manuscripts are subject to copy editing. 
The author will receive an edited typescript and layout 
rather than galley or page proofs for approval. The author 
is responsible for all statements in his work, including 
changes made By the copy editor. 


[] Designate one author as correspondent and provide his 
adtiress amd teephone number. He will be notified by mail 
of the intendec publication date approximately one month 
in advanee. Onder reprints at the time the typescript is 
recurned after editorial processing. Specify address to 
which requests for reprints should be sent. The correspond- 
ing author wil receive 200 tearsheet copies of the article 
atmo cost. 


[J Submit an original typescript and two high quality 
covies of the ertire manuscript including short communica- 
tians such as letters to the editor, book reviews, announce- 
ments, etc. All copy (including references, legends, and 
tables) must be typed double-spaced on 22 x 28 cm (8% X 
11 inch), heawy-duty white bond paper. Ample margins 
should be provHed. 

Titles should be short, specific, and clear. They should 
nos exceed 75 caaracters, including punctuation and spaces. 
A subtitle is often useful to shorten the main title. Provide 
a orief “running title” on each manuscript page. 


[J The style of writing should conform to acceptable 
English usage and syntax. Slang, medical jargon, obscure 
abbreviations, and abbreviated phrasing are to be avoided. 


[] Manuscripes reporting the results of experimental in- 
vestigations om human subjects must include a statement 
to the effect that informed consent was obtained after the 
nasure of the procedure(s) had been fully explained. 


a Authors whose “first” language is not English should 
arrange for their manuscripts to be written in idiomatic 
English prior » submission. 

[J Provide ar abstract (135-word maximum) of the arti- 
cle. The abstra:t should include statements of the problem, 
method of stuly, results, and conclusions. The abstract 
replaces the summary. 


C] List references in consecutive numerical order (not 
alphabetieally) Once a reference is cited, all subsequent 
citations should be to the original number. All references 
mast be eited in the text or tables. Unpublished data 
and personal communications should not be listėd as 
reřerences. Reserences to journal articles should include 
(1) author, (5 title, (3) journal name (as abbreviated 
in Index Medicus), (4) volume number, (5) inclusive page 
numbers, and #6) year, in that order. References to books 
should include 1) author(s), (2) chapter title (if any), (3) 
editor (if any}, (4) title of book, (5) city of publication, 
(69 publisher, and (7) year. Volume and edition num- 
bers, specific pages, and name of translator should be 
ineluded when appropriate. The author is responsible for 
the accuracy and completeness of the references and for 
their correct text citation. Note this journal’s punctuation 
and sequence syle im published reference lists. 
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Manuscript Preparation and Submission 


[ ] Refer to patients by number (or, in anecdotal reports, 
by fictitious given names). Real names or initials should 
not be used in the text, tables, or illustrations. 


ke All measurements are to be in metric units. 


| | Letters to the Editor. The Editor will be pleased to 
receive correspondence of 250 words or less that pertains 
to material published in the ARCHIVES or of other matters 
of interest to its readers. If intended for publication, such 
letters should be clearly marked “For Publication.” 


gg Use only those illustrations that clarify and augment 
the text. Submit illustrations in duplicate, unmounted 
and untrimmed. Do not send original artwork. Send high- 
contrast glossy prints (not photocopies). Figure number, 
name of senior author, and arrow indicating “top” should 
be typed on a gummed label and affixed to the back of 
each illustration. All lettering must be legible after reduc- 
tion to column size. Artwork submitted for publication may 
be relettered to achieve uniformity of lettering style through- 
out the journal. Magnification and stain should be provided 
when pertinent. Illustrations should preferably be in a 
proportion of 12.5 x 18 cm (5 X 7 inches). Legends 
should be typed double spaced beginning on a separate 
sheet of paper. Length should be limited to a maximum 
of 40 words. 


[] An experienced medical illustrator should be employed 
whenever possible for the preparation of all artwork. 
Template lettering or preset type is preferred to hand- 
lettered labels. If halftone artwork with labels is sub- 
mitted, affix type and leaders to a clear acetate overlay 
registered to the base drawing. Labels and leaders should 
be applied directly to the drawing board surface if the 
artwork consists only of line ink technique. 


[C] A letter of consent must accompany all photographs 
of patients in which a possibility of identification exists. 
It is not sufficient to cover the eyes to mask identity. 


[] Illustrations in full color are accepted for publication 
if the editors believe that color will add significantly 
to the published manuscript. The ARCHIVES will pay part 
of the expense of reproduction and printing color illus- 
trations, the remainder to be borne by the author or his 
sponsor. After deducting the ARCHIVES contribution, the 
author’s share is $275.00 for up to six square finished 
illustrations which can be arranged on a one-page layout. 
Any additional illustrations or special effects will be billed 
to the author at cost. Positive color transparencies (35 
mm preferred) must be submitted for an evaluation. 
Do not send color prints unless accompanied by original 
transparencies. All transparencies should be carefully 
packed and sent with the manuscript in a separate con- 
tainer or between two pieces of pressboard. Do not submit 
glass-mounted transparencies. 


[ ] Each table should be typed double-spaced, including 
all headings, on a separate sheet of 22 x 28 cm paper. Do 
not use larger paper. If a table must be continued, use a 
second sheet and repeat all heads and stubs. 


Pa Tables should be arranged so that when printed they 
will not be wider than three columns of ARCHIVES body 
type. Generally up to nine typewritten columns of data 
(including stub, or left column) will fit into three columns. 
Tables must be numbered consecutively, beginning with 1, 
and each must have a heading. Example: “Table 6.—Re- 
sults of Blood Coagulation Studies.” 
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Surgical Manpower 


A Symposium 


Robert A. Chase, MD (Chairman), Palo Alto, Calif; , 
Francis D. Moore, MD, Boston; William G. Anlyan, MD, Durham, NC; 
Richard Warren, MD, Boston; Merlin K. DuVal, MD, Tucson, Ariz 


Dr. CHASE: To keep up with the 
times we have, by consensus, re- 
named this symposium “Surgical Per- 
sonpower.” It is evident that sur- 
geons have been interested in this 
most critical health care problem for 
several years and once again we hope 
we are demonstrating ourselves to be 
in the vanguard. You have an out- 
standing panel today and I am not 
going to waste your time with 
lengthy introductions but, as you 
know, we are faced with some critical 
problems in the health care industry 
in this country. A few examples are 
(1) uncertainty as to the optimum 
number of physicians, (2) maldistri- 
bution among specialties and geo- 
graphic areas, (3) changing ratio of 
foreign medical graduates to US 
graduates (particularly in view of the 
fact that in this current year only one 
in five premedical graduates will get 
into an American medical school), (4) 
federal reimbursement for doctors of 
osteopathy in our residency pro- 
grams, (5) growing influence of allied 
personnel on the total manpower pic- 
ture, and (6) the awesome problem of 
financing the cost of graduate medi- 
cal education alone, which now 
amounts to somewhere in the neigh- 


Accepted for publication Jan 25, 1974. 

Read before the annual meeting of the Ameri- 
can College of Surgeons, Chicago, Oct 15, 1973. 

Reprint requests to 319 Longwood Ave, Bos- 
ton, MA 02115 (Dr. Warren). 


borhood of $500 million a year. 

Our first speaker, Dr. Francis 
Moore, who is Moseley professor of 
surgery at Harvard Medical School 
and surgeon-in-chief at Peter Bent 
Brigham Hospital, is chairman of the 
busiest subcommittee of the Study on 
Surgical Services for the United 
States (SOSSUS)-—the Manpower 
Subcommittee. Dr. Moore is going to 
speak to us first on a national survey 
and projection for surgical manpower 
distribution. 


Dr. Moore: It is a great privilege 
to participate in this panel on surgical 
manpower and I hope, increasingly, 
in future years, womanpower. 

The fact that we have such a large 
attendance here, when only three 
years ago a similar title attracted 
very few, shows us how much these 
matters are on our mind. 
` This morning I am going to try to 
answer two questions and mention 
some possible solutions. The first 
question is “Are we producing too 
many board-certified surgeons?” The 
second question is “Are surgeons mal- 
distributed as to specialty or geogra- 
phy?” Then I would like to look very 
briefly at the possible solutions the 
data suggest, realizing that the oth- 
ers on the panel know far more than I 
about possible solutions and will 
spend much of their time on them. 
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Are we producing too many board- 
certified surgeons? We cannot answer 
that question without first looking at 
the total physician pool in the coun- 
try. We should realize that we are in 
a remarkable year. This year there 
were 37,000 US applicants for 13,500 
positions in the entering medical 
school classes in this country and for 
next fall I understand the applicant 
pool is about 40,000. In 1977 and 1978, 
we will, therefore, graduate about 
13,000 to 13,500 physicians, whereas 
about ten years ago we graduated 
only 9,500. As Dr. Warren will tell 
you, there are going to be 3,000 or 
4,000 foreign medical graduates add- 
ing themselves to that pool of in- 
comers, so that in 1977 and 1978 there 
are going to be approximately 17,000 
to 18,000 young physicians entering 
practice in this country. You do not 
need a computer or even a slide rule 
to tell you that when a country is 
growing at the rate of about 2% a 
year in its total population, and an in- 
coming group of professionals is dou- 
bling over the course of a decade, 
there is going to be a large increase 
in the ratio of physicians to people 
within 20 years. 

You will recall that there was a per- 
ceived physician shortage about ten 
years ago. We began to hear about 
it from politicians and economists 
around 1960. Now we should ask our- 
selves, “Is this tremendous increase 
in physicians that will occur in the 
middle and late 1970s and 1980s really 
going to solve problems of medical 
care in this country? Can we make 
things better by just plowing more 
and more physicians into the same 
medical system?” I believe the an- 
swer to those rhetorical questions is 
that, within limits, more physicians 
will help. Even though the law of sup- 
ply and demand does not operate very 
extensively in medical economics, 
larger numbers will doubtless help, 
especially in short-supply primary 
physician areas. But to accomplish 
this a large number of the new gradu- 
ates should be primary-care physi- 
cians, and this does not seem very 
likely according to our present meth- 
ods of student selection and curricu- 
lar emphasis. If we do not accomplish 
the education of more primary-care 
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physicians (family internists, general 


practitioners, and pediatricians), we — 


are just producing more specialists 
for a pool that is already well sup- 
plied, if not crowded. 

Figure 1 shows data on the total 
number of physicians in the United 
States. It is interesting that we are 
now at about 155 to 165 physicians 
per 100,000 population. The exact 
number depends on how you wish to 
calculate the inactive and adminis- 
trative physicians. This is as many 
physicians as we have ever had in our 
history. It is a higher ratio of physi- 
cians to people than any other coun- 
try in the world, except Israel and the 
Soviet Union. The latter has methods 
of counting and calculating that may 
not be comparable to ours. By 1985 to 
1990, with this huge increase in grad- 
uates of medical schools now begin- 
ning, we are going to climb to a ratio 
of 175 to 185 physicians per 100,000 
population. This rapidly rising curve 
really began in 1969 and 1970. 

Medical schools have increased in 
number, as we all realize. I believe the 
United States should be proud of 
opening about 25 new medical schools 
since World War II. And yet, with 
that growth, the number of medical 
school graduates per 100,000 popu- 
lation did not increase markedly until 
1970. The factor producing the recent 
increase in the ratio of physicians to 
population, which had already started 
to rise so sharply (even before the 
1975 to 1977 upsurge already alluded 
to), is therefore the increase, over the 
past five years, in foreign medical 
graduates entering the system. Dr. 
Warren will discuss that matter in 
detail. Certainly some element of in- 
flow control and improved post- 
graduate education is vital. 

Now for some round numbers hav- 
ing to do with surgery itself. There 
are about 50,000 board-certified sur- 
geons in practice in the United States 
today. There are about 20,000 men 
who are not board-certified but 
who do surgery full time. This in- 
cludes some young men who are fully 
trained but have not yet taken their 
board examinations. It also includes 
men who never plan to take any of 
the standard board examinations. 
This makes a total of about 70,000 


full-time practicing surgeons who 
have completed their training. In ad- 
dition, there are about 10,000 general 
practitioners and osteopaths who des- 
ignate surgery as a major interest, 
about 9,000 general practitioners, 
and about 1,000 osteopaths, making a 
total of approximately 80,000 people 
who have finished training but who 
are carrying out surgery either as a 
primary or secondary activity. Fi- 
nally, there are about 12,000 surgical 
residents who carry a big share of the 
surgical work load of the country, 
variously estimated at around 15% of 
total productivity, making about 
92,000 persons holding the MD degree 
who do surgical operations as a prin- 
cipal activity. There are 345,000 phy- 
sicians in the country, about 70,000 of 
whom are not in practice. That leaves 
about 275,000 active practitioners. 
With 92,000 carrying out surgery, it is 
clear that we have a remarkable pro- 
fessional imbalance, namely, that 
about a third of the practitioners in 
the country carry out surgical oper- 
ations regularly. That is a very high 
figure, and much higher than any 
other country I know of. The compa- 
rable figures from Western Europe 
are around 15% to 18%, some of them 
climbing as high as 20%. 

As we increase the number of sur- 
geons, as shown in Fig 2, we are in- 
creasing the ratio of surgeons to pop- 
ulation fairly drastically. The figures 
shown are based on “constant input” 
at the average of the 1967 to 1971 rate 
for board-certified surgeons. The num- 
bers shown on Fig 2 are for board- 
certified surgeons only. This shows 
that if we continue that constant in- 
put, there will be an increase in the 
ratio of surgeons to population from 
23 per 100,000 to 27 per 100,000 (ap- 
proximately a one sixth increase) by 
1990. This assumes that the popula- 
tion will be increasing at its former 
rate. Actually the population appears 
to be increasing a little less rapidly 
than before, which would make this 
ratio of surgeons to population rise 
even higher, say, for example, to the 
ratio of 28 to 30 per 100,000. Those not 
familiar with this type of calculation 
ask, “How can the ratio rise if the 
input is constant?” The answer is to 
be found in the age groups now in 
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practice. Many surgeons are in the 
younger .ge groap and es they are 
reinforcee with an increasingly large 
number œ young people, she average 
life expectancy works out in relation 
to the poaulaton in such a way that 
the ratio actully rises, even though 
input rat= is constant. 

It is thas clear that even with con- 
stant input at tae presert rate, our 
surgical Extio m “elation +o the popu- 
lation we serve ‘s rising rapidly but 
not precipitouwly (current estimates 
are a 25% increase by 1990). If the 
average mput rate of surgeons (1967 
to 1971) were simply kept constant in 
perpetuity, we vould finally balance 
eut with the growing population, 
eome “ower the hump,” end start to 
decrease as the ratio is shown in 
Fig 3. Tais is way any sort of regu- 
latory agency nvolved with this prob- 
lem mus be extremely sensitive to 
changes n need, changes in the num- 
bers and habits ef surgeons, and in 
the popu=ation we serve. If we are not 
careful, we could eszablish faulty con- 
straints er freeze output at erroneous 
levels. 

Could the board-certifed surgeons 
of this ceuntrr take care of the surgi- 
eal need. of the country if the other 
30,000 practitmners who cperate were 
graduall phased out? While there is 
not time-here to go into the matter in 
detail, it appears from data now be- 
coming svailable, that the board-cer- 
tified category (includirg all those 
who hav= a complete surgical training 
and a tocal commitment <o a surgical 
career) Ould take care of the needs of 
the counery quite readilyif they were 
well distributed. providing the others 
were gradual y (rather than sudden- 
ly) phased our. It is my own convic- 
tion tha- this phasing-ou process has 
already begun and that within the 
next 20 years we will see a gradual 
changeower o what was contem- 
plated a. the ~ime that the boards and 
colleges were frst formed, namely, 
the highest pessible educational stan- 
dards fer all those undertaking the 
surgical-care of the people. 

Critic of any sort oz surgical or 
medical self-regulation will always 
point owt thas there are incompetent 
surgeon. whaheve passed their board 
examinetions as well as some men of 
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Fig 1.—Changes in physician manpower. 


poor judgment who are in positions of 
great influence in national surgical 
politics or in academia. The obvious 
inference is that somehow the system 
of the American board examinations, 
or even our educational process itself 
is faulty, and therefore hospital cre- 
dentialling is a waste of time. This 
criticism can only be answered by 
looking at the matter in its broader 
framework. It would be impossible to 
find 50,000 persons in any profes- 
sional category, each one of whom 
was absolutely free of fault. Sim- 
ilarly, it would be unlikely to trace 
the personal practice of 50,000 excel- 
lent practitioners in any field, 
throughout their lifetimes, with- 
out finding one or two judgmental 
lapses. The problems of biomedical 
science are simply too complex to ex- 
pect uniform and unfailing perfection 
over long periods among large num- 


bers of persons. 

The problem, therefore, relates to 
the statistical probability of compe- 
tence in any group of practitioners. 
Clearly this probability can only be 
increased by the selection process, 
sieving the incomers through a 
screen. The more such screening pro- 
cesses are erected in tandem, the 
safer the system will be før the pub- 
lic. Such screening should ideally be 
repeated at suitable intervals. 

Our educational process, and the 
processes of promotion, examination, 
and certification are screening proce- 
dures established to help protect the 
public. The MD degree itself connotes 
a specific public responsibility as indi- 
cated in the Hippocratic oath. It is 
one of the few university degrees 
that carries within itself an obliga- 
tion for public service. 

The analogy with airplane pilots 
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is sometimes a good one. There are 
many selections anc screening pro- 
cesses, and yet they sometimes fail. 
A large plane san land in a Florida 
swamp just because everyene is look- 
ing at the wrong dial on the control 
panel! | 

In summary, we are left with the 
simple fact tha- until something bet- 
ter comes along, our educaticnal pro- 
cesses, qualifying examinations, and 
beard certification are the best 
screening methods we have for sur- 
gery. Local cortrol and self-policing 
by each hospital staff remain abso- 
lutely vital to the success of American 
surgery. 

Are surgeon: maldistributed as to 
specialty or geography? First, geogra- 
phy. Surgeons tend to distribute 
themselves ove” the land more evenly 
and smoothly taan do some of our sis- 
ter specialists. Cer-ainly there are 
relatively fewer surgeons on a popu- 
lation basis in the middle and deep 
South than in the Northeast and 
Northwest. The middle West and the 
mountain state oecupy a middle posi- 
tion (Fig 4). And yet, the differences 
are not very gpectacular and do not 
indicate large gaps. We now have 
data for each city and each rural 
county in the ceuntry, and while there 
is considerable variation, one can 
truly say that -here are “surgeons ev- 
erywhere.” In fact, -t is quite hard to 
identify specific areas in this country 
that are undersupplied with surgeons 
to an extent that adversely affects 
the medical cave in chose regions. We 
are trying to find such spots to see if 
we can identity them and determine 
their nature. There are certainly 
some areas of opportunity for young 
surgeons where certain specialties 
are relatively lacking. There are cer- 
tainly some cther saturation points 
where a young surgeon would be less 
well advised to set up practice. 

The distribction of surgeons in ur- 
ban versus rural areas is also rather 
geod as compared to some cf our sis- 
ter specialists part-cularly board-cer- 
tified internis-s. Of all the specialists 
we have looked at. the highly qual- 
ified, highly trained board-certified 
internist is most caaracteristically a 
man of the asphalt jungle. Since he is 
a man who makes the surgieal practi- 
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tioner more effective in dealing with 
certain types of ailments, we would 
hope that a better distribution of 
highly qualified internists would soon 
be achieved. 

When we turn from the question of 
shortages, or the lack thereof, to the 
very large predominance of certain 
surgical specialties in certain cities, 
we run into one of the truly remark- 
able things in this field: most of these 
surgeons are very busy. Taking our 
own community for example, in New 
England and in Boston, there is a 
high surgeon/population ratio for 
thoracic and cardiac surgeons and for 
ophthalmologists. And yet, it is very 
hard to get an appointment with an 
ophthalmologist, and you will find 
that most cardiac surgeons are really 
tired at the end of a day! Habits of 
central referral, the “centripetal ten- 
dencies” of surgery, are very critical 
in determining activity rates and sur- 
geon productivity. 

Although it is difficult to identify 
specific areas of this country that are 
short on surgeons, when we examine 
the distribution as between the spe- 
cialties, relative either to board certi- 
fication or to geographical area, we 
find a somewhat different and chang- 
ing picture. 

General surgery, the trunk from 
which all surgical branches grew, is 
withering a bit in numbers (if not in 
importance) while the branches are 
getting larger. 

When we look at the individual pro- 
duction rates for the various surgical 
specialists (Fig 5), we find some inter- 
esting things. The data shown are 
based on an elaborate computer pro- 
gram deriving from our original data 
previously presented in the panel at 
the American Surgical Association in 
1972 (Ann Surg 176:457-468, 1972). 
This figure arises from collaboration 
among many different groups and 
with major help from the SOSSUS 
Manpower Subcommittee. 

These data are based on a constant- 
input assumption using the average 
certification rate of 1967 to 1971 as in 
the other data previously mentioned. 
We find that plastic surgery is grow- 
ing very rapidly and will double in its 
ratio to population by the year 2000 if 
the present constant-input rate is 


maintained. Neurosurgery is still ris- 
ing before levelling off. Orthopedics is 
rising. Ophthalmology and otolaryn- 
gology are fairly stable. Urology and 
thoracic surgery are both quite in- 
teresting because they show consid- 
erable stability for this time frame. 
When a number of items rise, then 
something must go down! That some- 
thing is general surgery. As we can 
see, the numbers will be declining if 
constant input is maintained. One of 
the reasons for this, as hinted above, 
is that the average age of general 
surgeons is somewhat older than 
those in the other specialties. 

So, then, I think we can answer my 
second question. We are producing a 
number of board-certified surgeons 
that will result in a modest increase 
in numbers and population ratio, and 
there is an evolving change in the 
number of surgeons in the specialties 
that will produce a considerable shift 
in the distribution between special- 
ties over the course of the next 20 or 
30 years. 

At the outset we mentioned our 
hope that some possible solutions 
might be offered in the general area 
of surgical manpower. These should 
be reviewed briefly. 

The first and most important step 
is improved hospital standards for 
training and educational background 
of surgeons. Since this has to do with 
the credentials that permit surgeons 
to carry on major operations, it goes 
under the general heading of “cre- 
dentialling,” although some persons 
feel that that term is too limiting. 
Many steps will be introduced over 
these next few years, both by private 
organizations and by the govern- 
ment, to try to reduce the number of 
medical specialists entering various 
fields of activity in this country. We 
must beware of any sort of voluntary 
or governmental regulation of pro- 
duction that does not at the same 
time protect the patient by strict con- 
trol of those who carry out their spe- 
cialty in the hospitals, in this case, 
surgery. If we have limitation of pro- 
duction without control of clinical ac- 
tivity, we will move to a very chaotic 
and totally unsatisfactory situation 
in which a few highly trained sur- 
geons are being produced but the ma- 
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Fig 4.—Physician distributional ratios for nine census districts, as bearing on six physi- 
cian categories: TP, total physicians; GP, general practitioners; IM, internists; AN, anesthe- 
tists; TS, total surgeons; and GS, general surgeons. If fraction of total population in census 
district equals fraction of physicians in categories shown (ratio = 1.00), ratio has normal- 
ized itself for population. Comparison of urban vs rural distribution of physicians and sur- 
geons (not shown) demonstrates same point: surgeons have tended to distribute them- 
selves according to availability of hospital facilities and population centers of at least 5,000 
persons, whereas highly specialized internist, pediatrician, and psychiatrist has tended to 
confine himself to larger population and teaching centers. 


jority of the surgery in the country is 
being performed by untrained per- 
sons. Therefore, any sort of residency 
control guidelines can only be accept- 
able if there is improved credential- 
ling everywhere. Some of the new 
staff committee guidelines being per- 
fected by the Joint Commission on 
Accreditation of Hospitals (JCAH) do 
incorporate increased stringency of 
credentialling. This merely indicates 
that a surgeon’s scope of activity 
should be determined in part by his 
own peers on the staff of his hospital. 
They should know what he does each 
year by examining the record of his 
operations and making this available 
to the JCAH survey. These things 
should not be “frozen”; a surgeon 
must be able to grow in ability and 
scope. National regulation should 
never get into detailed jurisdictional 
disputes such as the definition of who 
_ operates on the face or nose or hand. 
These should always be left to the 
judgment of individual staff members 
at the local hospital level. By tight- 
ening up these procedures, not only 
do we protect the patient but we give 
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the profession a solid basis on which 
to plan future numbers of persons 
coming through residency systems. 
Recently we have learned that new 
staff guidelines for surgical privileges 
and credentialling have had a “dis- 
astrous” effect on staff organization, 
that tightening up the definition of 
surgical privileges has evidently re- 
sulted only in accentuating the bat- 
tles of professional jurisdiction, 
rather than solving anything. There 
is no simple answer to this problem; 
in the hands of a wise surgical staff 
committee, this should not happen. 
The nod of approval should go to 
those who have shown a consistent 
productive interest, attended the 
meetings, read or contributed to the 
literature, and shown a consistent in- 
tellectual growth in the field. This 
should be true regardless of the name 
of the specialty in which they have 
board certification. And yet, try as 
one might to find solutions for various 
aspects of surgical manpower in this 
country, I know of no simple or uni- 
tary solution for the jurisdictional 
differences that now exist. They are 


almost an inevitable consequence of 
any sort of specialization. We must 
learn to live with them without let- 
ting them disrupt the fabric of Amer- 
ican surgery. 

Second, I believe that every young 
surgeon (or medical student consid- 
ering a specialty career) should have 
available an up-to-date distributional 
survey for the cities, towns, and 
counties in the region where he would 
like to practice, a continuous surgical 
manpower survey provided by some 
national agency on the basis of an- 
nual updating of physician distribu- 
tion. It would not be merely a “help- 
wanted” service. It should instead be 
a sociologically accurate distribu- 
tional plot that would let the young 
person identify those areas in his re- 
gion that most need his services and 
those areas where there are already 
large numbers of persons in his spe- | 
clalty. On the report sheet for any 
state should also be indicated a few 
notes about age distribution. The sug- 
gestion has been made that this all 
be done by “computer mapping.” Al- 
though our experience with that mo- 
dality is small, we believe that it just 
adds an additional very expensive 
and complex step to a simple typed, 
photocopied report sheet with the 
cities and rural counties of each state. 
We know that this can be done, be- 
cause we now have the information 
for all 50 states and the District of 
Columbia. Our problem is to convince 
some agencies such as the American 
College of Surgeons or the American 
Medical Association (AMA) that this 
is a service that could and should be 
provided. It is commonly criticized as 
being “too soft,” that is, that it will 
not force people to go to any area. It 
is my belief that you cannot force 
young people to go to any specific 
area by duress. It is more important 
for them to set up individual practice 
or small group practices in areas 
where they perceive a need. In a 
sense, this is merely letting the 
free enterprise system have scope in 
which to operate. At the present time 
it cannot operate because young 
people have literally no concept of 
whether or not their services will be 
in demand in the area where they are 
thinking of going into practice. 
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The third suggestion in the man- 
power field relates to residency guide- 


- lines for the individual residency 


planning in each specialty. If the 
Coordinating Couneil on Medical 
Education (CCME), or ene of its sub- 
committees, were to make an annual 
update of the predicted ratios for spe- 
cialists on a population basis, some- 
what as shown in Fig 5, this would 
provide a basis on which the res- 
ideney review procedure could apply a 
very loose control mechanism on the 
number of specialists being produced. 
This control should be exerted on 
the residency programs themselves, 
reducing the number of unacceptable 
programs that have a poor perform- 
ance record on the board examina- 
tions. It would be unwise to exert this 
control by just inereasing the “flunk 
rate” We have data to show that per- 
sons who apply for the board exami- 
nations and do not pass generally 
tend to go on in that field anyway 
(a problem that cen only be dealt 
with via the creder.tial mechanism). 
“Flunk-rate contrel” is uneconomic at 
best. These control guidelines should 
be very loose and taey should be es- 
tablished strictly at the local level, 
that is, by the spec.alty itself rather 
than by some sort of superagency. 
One often hears the comment that 
the surgical profession will never con- 
trol itself. Instead, the surgical pro- 
fession has shown a noteworthy abil- 
ity to control itself and once these 
guidelines are clearly perceived I be- 
lieve that the residency review boards 
will do the rest. 

On one or two occasions the sugges- 
tion has been made that the govern- 
ment should pay for the residents’ 
traming because it should not be 
charged to the patient. This view has 
twe egregious faults. First, when the 
government pays for something, it 
takes over eontrel. To turn the control 
of numbers of surgical residents, or 
residents in any specialty, over to the 
vagaries of local and national politics 
would be an unmitigated disaster. 
Government has not shown itself able 
te operate effectively in this area. 
But, possibly more significantly, since 
most surgical residents are very heav- 
ily involved with the care of the sick, 
there is no reasen why they should 


Ardh Surg/Vol 108, May 1974 


uw ty 
p DA . 

TIS k 
Pa i E E 


CONSTANT INPUT (AVERAGE 1967-1971) ASSUMPTION 


SURGEONS 
PER 
100,000 
POPULATION 


(SERIES E) 


0 
YEAR 1970 1975 


1980 


1995 2000 


1985 1990 


Fig 5.—Projections for ratio of population to ten surgical special- 
ties (NS, neurosurgery; PLAS, plastic surgery; OBG, obstetric and 
gynecologic surgery; GS, general surgery; ORTH, orthopedic surgery; 
OPH, ophthalmologic surgery; OTO, otolaryngologic surgery; CRS, 
colon-rectal surgery; UR, urologic surgery; THOR, thoracic surgery) 
from 1970 to 2000. All figures are corrected for series E population 
growth rate (series F or G). Figures are for board-certified surgeons only. 


not be paid through the same pay- 
ment mechanisms that are concerned 
with all other aspects of the care of 
the sick, ranging all the way from 
pharmaceuticals and nursing help to 
the senior attending surgeons. Res- 
idency education is not such an ex- 
pensive item in the national cost-con- 
trol picture and I do not believe that 
we should turn this feature of post- 
graduate professional education over 
to the federal government merely be- 
cause there is an expense item in- 
volved. 

The fourth area that needs particu- 
lar solution in the surgical manpower 
field has to do with the foreign medi- 
cal graduate. Dr. Warren will discuss 
that matter in detail. 

Last but not least, I should like to 
emphasize that any discussion of sur- 
gical manpower must ultimately de- 
pend upon a balance between needs 





and services. It is very easy to de- 
scribe the number of surgeons in an 
area and even how old they are or 
how much work they do. We can look 
forward to interesting new data 
being developed by the committees of 
SOSSUS to give us a whole new vol- 
ume of information on “what sur- 
geons do and how, when, and where 
they do it.” Still unanswered will re- 
main the question of how much surgi- 
cal care is needed by any given popu- 
lation. I believe that our chairman, 
Dr. Robert Chase, has emphasized 
this in many of his writings and 
teachings on this subject. One ap- 
proach to this problem would be re- 
gional surveys, in depth, of the 
incidence of certain diseases and the 
habits of both patients and physicians 
in seeking and providing treatment 
of those diseases. All the evidence 
suggests, for example, that there are ` 
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many patients with early breast can- 
cer who are not being treated when 
they should. Is this failure the fault of 
the patient in not seeking advice? Is 
it the fault of the physician in not ad- 
vising biopsy? Is it the fault of the 
surgeon in not performing a biopsy? 
Or is it due to lack of a physician or 
surgeon? In the case of this particular 
disease, failures to treat early are not 
in any instance due to a lack of man- 
power, that is, a lack of physicians or 
surgeons. In some cases it is due to a 
lack of knowledge or skill in advising 
the patient; in many instances it is 
the patient herself who does not seek 
advice. But for other diseases and 
other features of the medical care 
picture in this country, the balance 
between needs and services may be 
quite different than in breast cancer. 
A series of regional studies of specific 
disease entities might be the quickest 
highway to a more realistic under- 
standing of the truly functional na- 
ture of surgical manpower in this 
country. This is something we have 
not begun to approach as yet and 
hope to in the future. 


Dr. CHASE: Thank you, Dr. Moore, 
for setting the tone of this panel. You 
have heard Dr. Moore mention before 
the possibility of a national directory 
of needs, and you can begin to see it 
emerge. All I can say is, “Oxnard, 
watch out,” because there seems to be 
a tremendous need there. 

Our second speaker this morning 
is going to address himself to the 
problem of distribution of manpower 
among the surgical specialties. He is 
Dr. William Anlyan, well known to all 
of you. He is vice-president for medi- 
cal affairs at Duke, and he is chair- 
man of the CCME, a very important 
body newly formed in January of this 
year. I noted a week ago in Sunday’s 
New York Times a supplement called 
“Where Do You Think You’re Going, 
America?”, in which Bill Anlyan had 
a much needed little piece on the fam- 
ily doctor, and I hope he will en- 
lighten us today on this topic. 


Dr. ANLYAN: Dr. Chase, with re- 
gard to your introduction, I would 
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like to say that I did not write the 
title of the article in the New York 
Times. The newspaper furnished 
that. Those of you who went beyond 
the title know that it did not reflect 
the general theme of the article. 

The two top problems we face in 
the United States are the specialty 
maldistribution and the geographic 
maldistribution problems. Both of 
these are interrelated; we have to 
consider the numbers of health man- 
power produced as the third entity, as 
well as the foreign medical graduates 
in the system, to be discussed by Dr. 
Warren. The important point I would 
like to make is that all of these are in- 
terrelated. We cannot look at solu- 
tions that manipulate one, without 
looking at the domino effect on the 
others. 

What can we learn from our col- 
leagues abroad? It is terribly impor- 
tant for us not to recycle the mistakes 
of the past century, and forget the 
experiences of other countries. It is 
only in mainland China that there 
does not appear to be a specialty mal- 
distribution problem. However, as Dr. 
Moore mentioned, in Israel—where 
there is one physician for every 350 
people—there is still both the spe- 
cialty maldistribution problem and 
the geographic one. It is of interest 
that most of the physicians in that 
country, except in time of active war, 
are clustered around Jerusalem, Tel 
Aviv, and Haifa. They are now em- 
barking on an experiment to set up a 
medical school in Beersheba, for the 
Negev area, that will take over the 
health care delivery system of the en- 
tire region. 

In the United Kingdom, the control 
of the specialty maldistribution prob- 
lem is done by control of the number 
of individuals who gain access to the 
registrar and senior registrar posi- 
tions, the equivalent of our residents 
and chief residents. All of this is fi- 
nanced by the National Health Ser- 
vice, so that centralized control of 
the money controls the system. It is 
geared for a mild overproduction of 
manpower in each specialty. 

In planning for the future and in 
looking at the road ahead during the 
next decade, one has to make a major 
assumption. One very major assump- 





tion is that the private pluralistic 
mechanisms of financing of health 
care will prevail, that national health 
insurance will be compulsory for the 
consumer, and that it will be a pri- 
vate-public system like Medicare. Dr. 
Chase, our chairman, has brought 
forth the problems of need, demand, 
and relationship to financing of 
health care. We also have made the 
assumption that both the fee-for-ser- 
vice and prepayment mechanisms will 
be available, and that the cost will be 
shared by employer and employee, ac- 
cording to the ability to pay. 

Should the federal government 
regulate specialty distribution in the 
future as in many other nations, in- 
cluding Western Europe, or should we 
try to set up a mechanism in the pri- 
vate sector? I favor the latter. Let us 
look at a possible matrix to regulate 
specialty maldistribution problems. 

In 1966, the Millis Commission pro- 
posed an overall national commission 
on medical education, a permanent 
unit to oversee the entire continuum 
of medical education in this country. 
After six years of negotiations, 
in 1972 there was final agreement 
among the major groups—the AMA, 
the Association of American Medical 
Colleges (AAMC), the American 
Board of Medical Specialties, the 
Council of Medical Specialty So- 
cieties, and the American Hospital 
Association—to form the CCME and 
a Liaison Committee on Graduate 
Medical Education (LCGME). One of 
these bodies met for the first time in 
December 1972 and the other in Janu- 
ary 1973. So, they are less than a year 
old. 

What is the framework in which 
these organizations currently exist? 
At the top are the five parent organi- 
zations, and, reporting to them for 
major policy problems, the CCME. 
Funnelling to the CCME is the Lia- 
ison Committee on Medical Education 
(LCME), which has been run for 
many decades jointly by the AMA 
and the AAMC. 

Similarly, there is the new LCGME 
with the five parent organizations re- 
sponsible for it, and funnelling into 
this particular group (the LCGME) 
would be the reports and the policy 
matters of the residency review com- 
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mittees. No longer would each in- 
dividual residency review committee 
operate autonemously, but instead 
there would be an overall accrediting 
group, the LCGM@. Let me hasten to 
say there will not be a bunch of deans 
or vice-presidents looking at urology 
or orthopedic progrems. That is not 
the intent. The residency review com- 
mittees will fumc:ion as in the past, 
but the findings anc the policy mat- 
ters related to chem will bubble up to 
the LCGME, aad if necessary to the 
OCME. 

There are two ether similar liaison 
committees om the drawing board— 
one continuing medical education and 
another on allied Lealth education. 
These are still im the process of dis- 
cussion. 

The CCME has undertaken two 
very high priority items. The first is 
the specialty maldstribution prob- 
lem. William Howden, MD, of Cleve- 
land has accepted the chairmanship 
of this task *orce, which has pro- 
ceeded with haste tc look at what the 
CCME should be doing on the na- 
tional scene with regard to the spe- 
Gialty maldistribation problem. The 
second major task fcree that has been 
appointed is one on the financing of 
graduate medica education and this 
is spearheaded by Dr. Jack Myers, 
MD: of Pittsburgh, who also happens 
to be chairmar o? the LCGME. If we 
did not have the present crisis in 
financing of mes dency training, we 
weuld probably not have put this as 
such a high-priority item. Those of 
you who are responsible fer the fi- 
nancing of residency programs know 
that we are new bemg battered from 
pillar to post che Department of 
Health, Edueation, and Welfare 
(DHEW) training programs being 
phased out; the insurance commis- 
sioner’s saying, “Is this education or 
is it patient care?”; the Social Secur- 
ity Administrateon coming up with 
new regulations en 1R1; and the Cost 
ef Living Cound! putting a 2.5% 
squeeze on the hospital budgets. 

Who is goimg to pay for residency 
training in the future? This is a major 
question. I migat point out that a 
spin-off benefit has developed at the 
lecal institution level in that the in- 
stitutions are taking a look at the re- 
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sources for all of graduate medical 
education. Thus there is emerging a 
firm reason for the assumption by the 
faculty in more and more institutions 
of the corporate responsibility for 
graduate medical education. One can 
understand on historic grounds why, 
to date, most faculties of medical 
schools have addressed themselves 
only to pre-MD education. With the 
post-MD education now coming under 
national scrutiny and with the pau- 
city of resources, it becomes imper- 
ative that the same faculty develop 
the corporate responsibility for grad- 
uate medical education. At the insti- 
tutional level, it may effect a reexam- 
ination of the overproduction of 
certain specialties and the under- 
production of others. 

Fortuitously, we have had the lead- 
ership of the SOSSUS group, and par- 
ticularly Dr. Moore’s committee, 
which has come up with the kind of 
data that you saw earlier, and it is 
our fond hope that Dr. Holden’s task 
force—working with Dr. Moore as a 
consultant—will be able to adapt the 
data-collection mechanism for the 
nonsurgical specialties, to provide the 
data base to consider alternative deci- 
sions. 

The surgeons are undoubtedly at 
the forefront of what needs to be 
done in terms of data collection. The 
data base would provide us eventually 
with the information on who is doing 
what, where, and when in medical 
care. These are projected not only to 
1990 but to the year 2000. Assuming 
that the present roles remain un- 
changed (in terms of surgeons doing 
what they are currently doing, non- 
surgeon MDs doing what they are 
currently doing, and no increase in 
the use of nursing practitioners and 
allied help personnel) in the broader 
picture, we come to the major na- 
tional issue facing us today; what are 
the projected and desirable changes 
in the roles of health professionals in 
the decade to come with nurse practi- 
tioners, physicians’ assistants, and so 
forth? 

It was brought out, in an earlier 
discussion, that perhaps some of our 
training programs are geared more to 
the service needs of the institutions 
than to high-quality educational op- 


portunities. If true, this could ag- 
gravate the specialty maldistribution 
problem. With the use of physician 
assistants, as Dr. Sabiston does in our 
institution, as second assistants in 
the operating room in certain cases, 
for instance, one does not require the 
extensive use of MD manpower in 
residency training to fulfill the ser- 
vice needs of the institution. 

There are certain problems that we 
can recognize immediately and we 
would have to be ostriches if we did 
not do so before any such study is un- 
dertaken. First, there is the under- 
supply of generalists and here I do 
not mean family physicians exclu- 
sively. I mean generalists, internists, 
and generalist pediatricians. Our 
country is far behind in the produc- 
tion of these physicians. The study 
will afford an opportunity for pro- 
grammatic review by the corporate 
faculty of an institution, because 
areas such as primary care or family 
practice do not have an exclusive dis- 
ciplinary domain separate from other 
specialties, and therefore all clinical 
specialties should be involved corpo- 
rately in looking at these generalist 
programs. 

The other problems that we recog- 
nize are underutilization of nursing 
and allied health professionals, espe- 
cially the nurse practitioners; the role 
of physicians’ assistants in primary 
care; and the use of the pharmacist, 
the optometrist, and the podiatrist. 

The public and its representatives, 
the US Congress, are coming close 
to demanding proposed solutions to 
some of these problems that I have 
listed for you. The question that I 
want to leave you with is, “Are we to 
be leaders of needed change in the 
private sector?” Personally, I am very 
hopeful that we can do this without 
government interference. 


Dr. CuasE: Thank you very much, 
Dr. Anlyan, for a stimulating talk. As 
you know, there has been a fantastic 
and changing ratio of foreign medical 
graduates to US medical graduates in 
this country. Dr. Richard Warren, 
who is professor emeritus of surgery 
at Harvard Medical School, has for 
some time been looking at this as part 
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of his activities for the International 
Relations Committee of this college 
and he has an abiding interest in the 
topic. He is going to speak to us on 
foreign medical graduates and their 
relationship to the manpower pool. 


Dr. WARREN: The 57,000 foreign 

medical graduates in the United 
States in 1970 represented 87 coun- 
tries and 570 medical schools. Ten 
percent were US citizens. Of the re- 
mainder, only 7% came from coun- 
tries where English is the first 
language. Thus the typical foreign 
medical graduate can be said not to 
exist. You will pardon me that, hav- 
ing said that there is no such person, I 
now proceed to talk about him. 
_ The manpower impact. The figures 
of the concentration and distribution 
of foreign medical graduates in our 
medical system are often quoted. 
These are derived from the AMA fig- 
ures of 1970. Foreign medical gradu- 
ates represent 17% of our physicians 
and 24% of these are in house staff po- 
sitions. Thirty percent of our surgical 
house staff positions were occupied by 
foreign medical graduates in 1970. 
The concentration of foreign medical 
graduates in metropolitan areas was 
greater than that of US MDs in gen- 
eral (90.2% vs 84.4%), showing that 
their presence has not improved the 
maldistribution of doctors. This is 
reinforced by the figures for New 
York State and for New Jersey, 
which show that 32% and 26%, respec- 
tively, of all the doctors were foreign 
medical graduates. Furthermore, of 
all the foreign medical graduates in 
the United States, 25% were in New 
York City. In 1971, the net increase of 
MDs in the United States was 7,000, 
of which 3,000 were foreign medical 
graduates. 

All these numbers are, of course, 
very approximate. A group at the 
Harvard School of Public Health and 
others working on an extensive sur- 
vey involving, among other sources, 
the Immigration Office tapes have 
found that because of inadequate re- 
porting many MDs coming in on per- 
manent resident visas never show up 
on the AMA tapes and that many 
never take the Educational Coun- 
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cil for Foreign Medical Graduates 
(ECFMG) examination. The number 
of foreign-trained doctors in this 
country is thus larger than the pro- 
portions indicated in the AMA fig- 
ures. It is true that many do not prac- 
tice but fill other positions in the 
health care system. The exact infor- 
mation on this is not available. 

The pressures. Approximately 80,000 
physicians graduate annually from 
medical school throughout the world, 
excluding China. Of these, 30,000 are 
in iron curtain countries and are not 
able to migrate. Of the 50,000 who are 
able to migrate, 10,000 are graduated 
from US medical schools, leaving 
40,000 at risk to migrate; 10,000 of 
these come into the United States 
every year. About 30,000 take the 
ECFMG examinations, many of 
whom, of course, are repeaters. Nev- 
ertheless one can almost say that for 
the majority of doctors graduated in 
the world who are free to do so, a con- 
sidered ambition is to come to the 
United States. 

How many return home? A recent 
survey has been made by the Inter- 
national Relations Committee of this 
college on 317 Latin American gradu- 
ates who were training in surgery in 
this country in 1968. Five years later 
we were able to procure information 
on 75% of them relative to their de- 
gree of “settlement,” either in this 
country or outside it. Sixty-five per- 
cent were settled in the United 
States. 

One cannot, of course, take these as 
exact figures for foreign medical 
graduates in general. United States’ 
immigration laws for Western hemi- 
sphere persons differ from those that 
apply to the Eastern hemisphere. But 
other surveys have shown that 
roughly between 50% and 80% remain 
in the United States. Whether or not 
the individual comes in on an Ex- 
change Visitor visa or on a Perma- 
nent Resident visa is no longer a pre- 
dictive of whether he or she will 
remain. 

Recently the State Department has 
put into effect a policy that those 
entering on Exchange Visitor visas 
must return to their own countries af- 
ter five years provided they represent 
a skill that the parent country has 


stated it needs. The list of countries 
and skills is long. But since the policy 
applies only to those who have re- 
ceived visas in the two years since it 
went into effect, no rewards can occur 
to the countries for another three 
years. Furthermore, and signifi- 
cantly, between 1971 and 1973, the 
number of Exchange Visitor visas 
granted annually has fallen from 
5,000 to 2,500, the Immigrant visas 
having increased in parallel. 

The International Relations Com- 
mittee survey only showed a small 
number of US foreign medical gradu- 
ates (American citizens trained in 
foreign medical schools) in our 
sample. The large number of Ameri- 
can citizens now known to be training 
in foreign medical schools has oc- 
curred since our survey respondents 
graduated from medical school. It is 
ironic to record that of all the medical 
schools in the world, the one that con- 
tains the largest number of US citi- 
zens as undergraduates is the Auton- 
omous Medical School of Guadalajara, 
Mexico, which has over 2,000. The sec- 
ond is in Bologna, Italy. The problem 
of reentry of these young men into 
the United States is a difficult one, 
not within the bounds of this talk. 

There is a great variation among 
specialties and nationalities as to who 
goes home and who stays. The 1965 
Immigration Act, which abolished 
quotas, has allowed a massive inflow 
from countries that had been non- 
quota previously and created a state 
of flux that is hard to research until it 
has settled down. 

Many foreign medical schools are 
training doctors far beyond their ca- 
pacity to use them despite their low 
MD/population ratio. They do not 
have the money nor the facilities to 
hold the physicians. The report of the 
Commission on Population Growth 
and the American Future that ap- 
peared in 1972 pointed out that at 
that time there were 7,000 Filipino 
doctors in the United States, whereas 
there were only 6,000 black Ameri- 
cans practicing medicine. 

There is a wide variation among 
training programs. About two thirds 
of the foreign medical graduates 
come from developing countries, and 
the majority of these enter training 
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programs with weak teaching empha- 
sis. Only a few get into goed teaching 
programs. One third come ‘rom devel- 
oped countries. More of them get into 
the better teaching programs and 
fewer of them fail to recurn home. 
The medical “brain drain” must 
therefore be considered a relative 
matter with a sliding scale both of 
quality and quantity depending on 
the country concerned. 

| have talked less about the future 
than the other speekers. Our immi- 
gration policies and legis:ation have 
been schizophrenic. On the one hand, 
we have favored free immwration be- 


canse (1) we feel we are uniquely a . 


nation of immigrants and that is our 
strength, millions of examples of 
which ean be cited and (2) we are “hu- 
manitarians.” On the other hand, we 
have spasmodically restricted immi- 
gration when we have worried about 
its effect on our pocketoooks. The 
main restrictions have been as fol- 
lows: 1882, we stopped Chmese immi- 
gration; 1924, the quota system was 
inaugurated to “strengthen and sup- 
plement the nationalities that we al- 
ready had”; 1965, embarrassed at 
what appeared to be discrimination 
based on nationality anc ethnicity, 
we changed the laws but mstituted a 
brain drain from develcping coun- 
tries, whereas the drain previously 
was largely from developed countries. 

The 1972 report of the Commission 
on Population Growth andthe Ameri- 
can Future was unable to resolve this 
schizophrenia. Within a short space of 
only two pages, it first stated that 
immigration must be “closely regu- 
lated” and then that “the majority 
felt that the present level of immi- 
gration should be maintained because 
of humanitarian aspects.” 

I give you now cpinions that are 
entirely personal and do net speak of- 
ficially for any institutien or body 
with which I am connected. 

We must realize that tae majority 
of foreign medical graduaces who are 
here now will stay. 

We must realize taat they are “us” 
and should welcome their help in the 
system. We should give each one ev- 
ery opportunity to reach his or her 
ful potential to serve that system. 

We must, however, se? one stan- 
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dard of competence for each position 
in the system, regardless of national 
origin. 

We must unite to decrease future 
immigration. : 

The subject is a sensitive one, 
stated opinions of which are vulner- 
able to misinterpretation. Mecha- 
nisms of changing present policies 
would be complicated and take years. 
The paradoxes, however, are evident. 
In my opinion, we should start now to 
move toward sanity. 


Dr. CuasE: Thank you, Dr. Warren. 
We have been very proud to have Dr. 
DuVal as our man in Washington and 
we thought he was especially astute 
to escape at the right time. Dr. DuVal 
is currently vice-president for health 
affairs at the University of Arizona 
and he is going to address some pro- 
posals for coping with the geographic 
maldistribution of surgeons. 


Dr. DuVAL: I find myself caught on 
the horns of a considerable dilemma 
today. On the one hand, I feel greatly 
complimented, not only to have been 
associated with the distinguished 
panel of surgeons from whom you 
have already heard but also to have 
been welcomed into your surgical 
company for this discussion. On the 
other hand, I doubt that anyone could 
feel comfortable with the assignment 
of discussing proposals for coping 
with the geographic maldistribution 
of surgeons, because it invites the 
parallel question, “Whose propos- 
als?” Addressing a group whose very 
strength lies in its freedom of choice 
and its right to be self-determining 
as a profession almost guarantees a 
hostile reaction, but it is too late to 
duck now and so I will wade right in. 

The level of concern to which we 
have all been brought, such as to jus- 
tify a consideration of these topics 
this morning, has its roots in rela- 
tively contemporary history. I do not 
know precisely when it began, but I 
am inclined to single out the White 
House Conference on Aging that took 
place in the middle years of the Ei- 
senhower administration as partic- 
ularly important. Those of you who 


read some of the pronouncements 
that came from that conference may 
recall that that was the first time that 
public statements began to appear, 
from major and important sources, to 
the effect that access to health care 
should be considered as among the 


rights of all of the citizens of this 


country rather than being limited to 
those who could afford the price of an 
admission ticket or, for those at the 
other end of the economic scale, for 
whom society had already provided 
certain means for attaining those ser- 
vices. 

Neither the American public nor 
the professional providers of care in 
this country were quite ready to em- 
brace this new philosophy when it 
was first enunciated. Consequently, 
one could say that we have been en- 
gaged ever since in an ongoing na- 
tional debate as regards the appli- 
cability, wisdom, and desirability of 
adopting such a public policy. And, 
while the results of this debate are 
not yet all in, surely we can agree 
that three conclusions have been 
reached. The first of these is that, as a 
public policy, a substantial part of the 
American public has adopted it; sec- 
ond, the debate has, itself, created an 
increase in public expectations of 
those of us who are physicians; and, 
third, because we have not made a lot 
of headway in implementing the pol- 


icy, public awareness of the gap in 


the distribution of health services has 
increased to the extent that many 
public officials now believe we have 
entered a relative state of crisis. 

Whether or not a crisis in the dis- 
tribution of health services really 
does exist is not a part of the context 
of this forum. Suffice it to say that the 
sense of crisis exists among many of 
our fellow citizens; and that its in- 
gredients are two: the markedly in- 
creased cost of major illness, and the 
inequities that are associated with 
the distribution of medical care. Inas- 
much as my topic is confined to the 
matter of access, I will limit my few 
comments to that. 

Access—or more accurately, lack of 
access—to medical services is an unbe- 
lievably complex subject and includes 
considerations of cost, culture, educa- 
tion, numbers, and geography. And, 
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while one might believe that any pro- 
posals for coping with the geographic 
maldistribution of surgeons could 
properly embrace any or all of those 
topics, it is my judgment that our 
purposes are best served, this morn- 
ing, by focusing on the matter of de- 
mographic geography, the apparent 
mismatch between the distribution of 
people—as_ potential patients—and 
surgeons. 

In 1971, it was my privilege to have 
been installed into a position of con- 
siderable responsibility within the 
DHEW. From that vantage point, it 
became readily apparent that there 
were a number of elements in the so- 
cial, public, and political sectors that 
were not the least bit backward or 
shy about offering proposals for com- 
ing to grips with the problem of the 
maldistribution of physicians and 
surgeons. Some of these proposals are 
not the least bit attractive, and I have 
no doubt that many of them will nev- 
er be implemented as public policy. 
On the other hand, my failure to men- 
tion them, in this brief summary 
statement, could only be construed by 
you as a failure on my part to live up 
to my responsibility to you and, 
therefore, I am going to cover all of 
the major proposals of which I have 
knowledge. So that you can be better 
prepared to receive them in some rea- 
sonably organized fashion, I will 
group the proposals within two major 
categories: those that treat the prob- 
lem through methods that involve the 
active redistribution of existing sur- 
gical manpower and those that treat 
the problem through methods by 
which underserved areas might have 
their requirements met without ac- 
tually redistributing human re- 
sources. 

Let me consider, first, the general 
methods that have been proposed for 
redistributing existing manpower. 
There are three subgroupings that 
are worthy of your attention. The 
first of these is conscription. Offen- 
sive as this word is, it may be well to 
recall that the United States is now, 
as far as I know, one of the only na- 
tions in the Western hemisphere that 
does not now conscript its physicians 
for nonmilitary purposes. Whether or 
not the federal government, or the 
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American public for that matter, is 
ready to consider, seriously, the possi- 
bility of conscripting physicians to 
underserved areas cannot be eval- 
uated at this time except to say that 
the weight of evidence suggests that 
we have not yet arrived at that point. 
The instrument most nearly aligned 
with that concept is, however, now on 
the law books, and the program is 
known as the National Health Service 
Corps. This device, created two years 
ago, permits a physician to choose 
two years of service with the US Pub- 
lic Health Service as an alternative to 
accepting a military draft. Once in 
the program, however, the draftee 
physicians are assigned to work in 
underserved areas in the United 
States for the purpose of meeting the 
medical needs of the people in that 
area, even though, unlike the other 
programs operated by the US Public 
Health Service, such citizens are not 
prescribed federal beneficiaries as are 
the Indians, federal prisoners, coast 
guardsmen, and so forth. The in- 
ducted physician is salaried; and he is 
usually provided with office space and 
ancillary help. He sells his services for 
a fee—in the same manner as most 
practicing physicians—but the fees 
are deposited with the federal trea- 
sury. Prior to July 1, 1973, when the 
military draft was still active, this 
was a fairly popular program and a 
large number of young physicians re- 
sponded to its call. There has been a 
marked falloff, however, with the dis- 
appearance of the military draft this 
last July 1. 

The second method that is being 
urged upon us for redistributing ex- 
isting manpower is indenture. While 
voluntary, indenture essentially is a 
contract that binds one person to 
work for another for a given period of 
time. There are approximately six 
ways in which the principle of inden- 
ture is either already finding expres- 
sion on the American scene or is oth- 
erwise under active consideration. 
One of these is service in an under- 
served area in exchange for having 
received financial support throughout 
the course of formal medical educa- 
tion. The newest wrinkle in this 
proposal—and one that will be seen 
with increased frequency over the 


next two or three years—is to set the 
tuition for a medical student at a 
level that approximates the true cost 
of medical education and then make 
the funds available to the student to 
pay it, in exchange for which the 
graduate will then fulfill his end of 
the contract by serving in an under- 
served area. The gimmick of increas- 
ing the tuition at or near the actual 
cost of the educational program is de- 
signed to thwart those whose inten- 
tion it is to buy out of the contract 
after completing the educational ex- 
perience. Another variant on the in- 
denture principle, to which public 
schools are particularly vulnerable, is 
that of having state legislatures pre- 
select a certain portion of the enter- 
ing class based on a prestated inten- 
tion of willingness to work in 
underserved areas in exchange for 
having their medical school expenses 
met. In my own state of Arizona, such 
a proposal was defeated only this last 
spring. Still another variant on the 
indenture principle is to mandate 
that service in an underserved area 
shall be part of the prerequisite for 
state licensure; another would make 
such service part of the under- 
graduate medical educational experi- 
ence; another would make it part of 
residency training. Some state medi- 
cal associations currently have under 
advisement the possibility of making 
service in an underserved area a pre- 
requisite for membership in orga- 
nized medicine in their states. 

The third major category having to 
do with redistribution of existing 
manpower is best considered under 
the rubric of enticement. There are 
many variants on this theme, but 
they need only be left to your imagi- 
nation after I have described the one 
with which I have the most familiar- 
ity. In the fall of 1971, just after the 
current administration in Washing- 
ton surfaced its proposal for national 
health insurance, I received instruc- 
tions to proceed with the develop- 
ment of a companion piece of legisla- 
tion that would have two objectives: 
regulation of the insurance industry 
on the one hand and regulation of the 
provider elements of the industry on 
the other (in other words, physicians). 
In this sense, the word, “regulation,” 
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was interpreted to mean those instru- 
ments of leverage on the medical pro- 
fession that would assure their appro- 
priate redistribution in order that the 
needs of people might be met if the 
National Health Insurance Bill were 
suecessfully passed. 

The broad form ir which this regu- 
lation appeared had two dimensions. 
The first of these was the construc- 
tien of a differential fee schedule 
sueh that fees peid to physicians lo- 
cated in areas considered to be over- 
served would be lower than the fees 
paid to physiciars working in areas 
declared to be urdezserved. The sec- 
ond dimension was that reinburse- 
ment for patient services under Medi- 
care, Medicaid, end national health 
insurance would be cenied in settings 
where physicians were in training in 
a specialty that had deen declared ex- 
cess by the lccal comprehensive 
health planning agency. I do not need 
to tell you that -his was aimed 
directly at the production of sur- 
geons. Needless to say, my associates 
and I did not permit these regulations 
to appear in the egislation that was 
subsequently forwarded to the con- 
gress. 

Turning now to the matter of 
meeting the needs of underserved 
areas without involving the actual re- 
distribution of existing manpower, I 
will mention two proposals that are 
currently under aetive consideration 
and, indeed, are =he subject of some 
considerable experimentation within 
the United States. I will then con- 
clude by mention-ng a third proposal 
which | would offer for your own con- 
sideration. 

The first proposal is based on the 
experience of our armed forces with 
the movement of casualties through 
inereased attention to the value of 
transportation of the sick and in- 
jured. Federal programs involving 
the development of localized systems 
for emergency medical services, proj- 
ect MAST (Military Assistance to 
Safety and Traffic) mounted by the 
Department of Defense for the han- 
dling of civilian casualties, and the 
pregrams initiated by some states for 
the movement of seriously ill and 
injured patients from underserved 
areas to facilities in eentralized areas 
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are excellent examples of the trans- 
portation option. 

Second, a companion venture to the 
transportation option, although ca- 
pable of consideration without neces- 
sarily involving transportation, can 
be summarized with the term “out- 
reach,” with the use of physicians’ as- 
sistants. In this mode, the physician 
in a relatively centralized location— 
usually urban in character—extends 
his capability into an underserved 
area by outreaching from his office 
through the use of a person educated 
and trained to be a screening agent. 
A number of experiments, already 
underway, indicate that this is clearly 
going to find increased applicability 
in this country. 

Let me give you an example. For 
seven years now, on the Papago In- 
dian Reservation in southern Ari- 
zona, every time an Indian resident 
of the reservation made contact with 
an agent of the Public Health Service, 
the nature of the contact, chief com- 
plaint, history, and physical findings 
were recorded. After the problem had 
been worked out and a diagnosis had 
been reached, the total experience 
was recorded in a computer. Seven 
years of experience have resulted in 
the production of a profile of the 
members of that Indian nation suff- 
cient to serve as a curriculum for the 
education of young Indians who have 
graduated from high school such that, 
on completing the curriculum, they 
can accurately diagnose 85% of the 
complaints brought to their atten- 
tion. The training program for these 
young people is now in its third year, 
and we have, today, on the floor of the 
Grand Canyon, a young Havasupi In- 
dian who provides the first point of 
contact for all health problems of the 
entire Havasupi tribe in that area. He 
operates as an outreach point of con- 
tact from a physician’s office on the 
rim of the canyon itself. Many similar 
experiments are underway in the 
United States, and I wanted to draw 
these to your attention as examples, 
even if their applicability is probably 
low as regards surgical problems. 

I hope it has been apparent, from 
this rather hasty summation of some 
of the proposals that are currently 
abroad for coping with the geo- 


graphic maldistribution of physicians 
and surgeons, that public and politi- 
cal imagination are not lacking. In- 
deed, if I have a caution, it is that so 
many of the proposals are not of pro- 
fessional origin. One might reason- 
ably be disappointed about this, but 
not necessarily surprised. I would 
submit, in fact, that there is no exist- 
ing organization, or taxonomy, of 
physicians that, by its nature, is par- 
ticularly well suited to address the 
problems of the appropriate distribu- 
tion of health services. The AMA, the 
state medical associations, the county 
medical societies, the big colleges, the 
specialty organizations, each is de- 
signed for particular purposes, none 
of which is primarily concerned with 
either the systems or the organiza- 
tions by which health services are ac- 
tually delivered. I do not say this 
with apology; on the contrary, such 
organizations have very properly 
been created to achieve certain objec- 
tives, and it is my judgment that they 
have generally achieved these objec- 
tives exceptionally well. | 

I now believe, however, that the 
time has come for us to create a new 
arrangement of physicians—an orga- 
nization dedicated to a single pur- 
pose: delivering medical services 
equitably. The organization would be 
regional—in some instances, several 
such organizations might serve a 
single city—and its members would be 
limited to specialists—preferably sub- 
specialists-engaged in the same 
form of practice, whether as soloists, 
members of a group practice, or in an 
academic setting. 

Once established, these organiza- 
tions would survey their community 
for the purpose of assessing its pro- 
jected needs for the services to be ren- 
dered by the organization; identify 
the existing support and backup facil- 
ities, eliminating those that are un- 
necessarily duplicative; activate or 
otherwise create those that are lack- 
ing; establish means by which any pa- 
tient or referring physician in that 
community can gain access to the ser- 
vices offered by the organization; 
arrange appropriate communication 
networks and transport systems; and 
then market their system to the other 
physicians in the community as an 
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extension and resource for their own 
practices. 

The rationale for organizing along 
lines such as these is simple. No one 
knows better than those engaged in 
specialty practice what the needs for 
those specialty services are apt to be, 
or how best to deliver them. The ef- 
fects of such an approach would be to 
rationalize the distribution of those 
services; eliminate the expensive and 
unnecessary duplication of resources 
that so characterize today’s autono- 
mous and uncoordinated institutions; 
make it possible for all local residents 
to have access to the services that are 
needed by spreading the load equi- 
tably across the organization; provide 
an opportunity to determine, more 
accurately, the true manpower needs 
of the specialty involved; and, above 
all, quiet the public clamor over the 
existing disparities and inequities in 
the delivery of health services by pro- 
viding an inherently professional, 
rather than a political, solution. 

In advancing such a proposal for 
your consideration, I freely concede 
that differences in local geographies, 
politics, professional, and institu- 
tional missions and relationships may 
preclude success in many situations. I 
also continue to have reservations as 
to whether general surgeons, in par- 
ticular, can make such an organiza- 
tion work. However, I am completely 
confident that such an arrangement 
can be made to work for almost all of 
the surgical subspecialists; for pedia- 
tricians and for all physicians in- 
volved in  first-contact medicine. 
Therefore, I would be willing to try. 

Think it over. The other proposals 
for coping with the geographic mal- 
distribution of surgeons are not very 
attractive. 


Dr. CHASE: Thank you, Dr. DuVal. 
We do have time for questions from 
the floor. I have tried to organize 
some that have been passed from the 
audience. I shall ask any of the panel- 
ists to feel free to comment on any 
question. 

There are several questions for Dr. 
Moore that have in common “control 
of who does surgery in the United 
States” and perhaps Dr. Moore should 
be the first to answer this. One, for 
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example, asks, “When is the JCAH 
going to restrict surgical privileges to 
board-certified men?” Another says, 
“One method of controlling over- 
supply of surgeons would be ruthless 
weeding out of incompetents and 
those who operate unnecessarily.” I 
wonder, Dr. Moore, if you would ad- 
dress yourself to this in terms of re- 
striction by credentials, for one thing, 
and recertification, for another. 


Dr. Moore: Well, I will make it 
brief because it is such a big question 
and I know others will have a lot to 
say about it. But I have felt, from 
when I first began to look at this 
problem, that the logical agency to do 
that, in this country, was the JCAH, 
and that that is where credentialling 
should be. In the JCAH 1973 staff 
committee guidelines that, with the 
help of many members of this college, 
we composed about a year ago, board 
certification was the leading crite- 
rion, but not the only one. We felt 
that it would be unjustified, unfair, 
and unwise to discard the services of 
a senior surgeon with a wonderful 
record of service in his community 
who might not be board certified. The 
operative record of the surgeon in the 
hospital should be reviewed annually, 
not just when giving privileges at the 
time of first appointment. The annual 
operative record would be reviewed 
by a committee of the staff. It is 
the local staff group who know how 
things are going, and they should 
have the record available for the 
JCAH people when they come around. 
The operative record should be re- 
viewed together with board certifica- 
tion to both establish and maintain 
credentials. 

Weeding out incompetents is easy 
to talk about but it is hard to do. A 
man may be competent in one area 
and not realize how far behind he is 
in another. That judgment, again, 
should be the function of the local 
staff committee. 

This also gets completely away 
from those inevitable jurisdictional 
disputes. Should the plastic surgeon 
or the otolaryngologist operate in the 
mouth and the neck, for example? In- 
stead of trying to solve such things 
nationally, which is absolutely impos- 


sible, we should leave them to the lo- 
cal judgment of the staff committee 
who knows which men are devoting 
themselves to that field, going to na- 
tional meetings, contributing to it, 
and who really have established their 
competence—whatever “board” name 
they put on it. I do feel the JCAH 
route is the route we should go. We 
will all have to get behind it and sup- 
port this through a difficult period of 
“growing pains.” While troublesome, 
it is by far the least of many evils. 


Dr. DuVAL: There is another an- 
swer to this. I do not know whether 
you want it, but it has already ap- 
peared in some of the early drafts of 
some federal legislation involving na- 
tional health insurance. Very simply, 
under Medicare, Medicaid, and na- 
tional health insurance, reimburse- 
ment for surgical services could be 
limited to those who are certified. The 
question is whether or not you want 
that to appear. You may have to take 
a position on this at the time of open 
hearings. You did it with chiroprac- 
tors, if you remember. You asked for 
the language. You said, “If you have 
got to cover chiropractors, at least 
make the roentgenograms read by a 
licensed MD.” The principle is already 
there, you are simply going to have to 
decide whether you want it. That is 
federal intrusion, but there again it is 
federal intrusion, maybe on the right 
side. As a friend of mine at DHEW 
said some years ago—we have a little 
law there—“Where you stand depends 
on where you sit.” 


Dr. CHASE: Dr. DuVal, if you will 
pardon me, I read that legislation 
very carefully and the word I believe 
is “qualified,” not “certified.” An aw- 
ful lot of modifiers go with that 
“qualified” in the multiple health in- 
surance bills that I have seen placed 
before the congress. There are so 
many escape hatches that it concerns 
me a bit, that “qualified” may be so 
broad that it is meaningless. 


Dr. DuVAL: When it was first 
drafted, the word was “certified,” but 
when it left our desk and went to the 
Hill, it was “qualified.” 
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Lr. Moore: Also, I think it was Dr. 
Holden. at one of these meetings a 
year or so ago, who said, “Whether 
you want it, whetker you like it, 
whether you are for it, or whether you 
are against it—board certification is 
going to predominate in this creden- 
tialling field.” It is already beginning 
to do so, and it wll become com- 
plecely predominant. Actually, the 
thiag we must examine is the struc- 
tur2 within the boards, such as not 
having too many bcards with little 
boards for this and that operazion (co- 
lon ¢ oncology, tissue transplantation, 
perinatal surgery, and so on). 

Æ look at the average age Cistribu- 
tion of those persoms carrying out 
surzery in this councry who are not 
board certified, contrasted with those 
whe are, shows that the non-board- 
cer-ified surgeon whe is doing lots of 
surzery is an older person, and I 
thiak that the younger generation 
coming on will be beard certified in 
most cases. 


Dr. CHASE: In line with that, I 
would like to ask Dr. Anlyan a ques- 
tiom about certificaticn and accredita- 
tion. Most of you know that since 
1952 the Office of Education of the 
Feceral Government has published a 
document that aczredits various 
traming programs in the health pro- 
fessions and I wonder about the 
status of the application to the Office 
of Zducation by the LCGME or the 
CCME for accreditazion recognition 
for medical education. The fact is 
thas no-accrediting agency for gradu- 
ate medical educaticn has been ac- 
cepted by the Office of Education to 
the present, and it is one of the im- 
por-ant reasons for the establishment 
of the committees you spoke of. 


Dr. ANLYAN: It is im the process of 
beiag developed now for submission 
to the Office of Education. But I think 
thas the answer or part of the answer 
to what Drs. Moore and DuVal talked 
about is prevention o? this happening 
in the future. It is encouraging, as Dr. 
Moere has said, thas most cf those 
coming out will be board certified in 
the future. However, again, instead 
of this being just the autocratic do- 
mam of the residency review com- 
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mittee, the LCGME will be looking 
over the shoulder of the residency re- 
view committees. It may disturb 
some people in the audience, but an- 
other way to control it is to really set 
up a network of university affilia- 
tions with community hospitals in 
which graduate medical education is 
being developed. Thus there would be 
very few freestanding graduate med- 
ical educational programs. 


Dr. Cuase: That is the so-called 
university or academic medical center 
corporate responsibility notion, I ex- 
pect. Well, gentlemen, as a panel we 
have to get to the series of questions 
that have flooded in from the au- 
dience. There are several questions on 
the delicate issue of “limiting immi- 
gration of physician manpower into 
the United States.” I am going to ask 
each of you to comment on this. I 
have made the observation, as many 
others have, that there has been a 
consuming interest in “numbers” at 
the federal level—that is, numbers 
of physicians in various categories. 
There appears to be very little em- 
phasis on “quality.” We must be very 
careful on this issue when evaluating 
the contribution of foreign medical 
graduates. “Quality” is critical in as- 
suring attention to the best interests 
of the recipient of health care in the 
United States. Therefore I think the 
constraints on immigration must be 
quality-based and in no way dis- 
criminatory. And when I say quality, 
I am not talking only about the pro- 
fessional quality of the person but the 
quality of the educational base from 
which he emerges. For that reason, I 
suppose the constraints are going to 
have to be based on education, and 
therefore by some mechanism of mea- 
sure of quality of the source of educa- 
tion of the individual involved. 

A question reads, “What was the 
ethical difference between Dr. War- 
ren’s suggestion of limiting immigra- 
tion, and the Russian limiting of im- 
migration for certain skilled people? 
Is it not time for an end to this hy- 
pocrisy for MDs, and for congress?” 
That is the question that sums up, in 
a sense, a number of questions that 
have appeared here and I would like 


to ask Dr. Warren first to address 
himself to this and then I would like 
the other panelists to respond. 


Dr. WARREN: The reason that it is 
so difficult to talk about this is ob- 
viously because it is “un-American,” 
and anybody who even mentions it is 
under all kinds of accusations. I would 
like to protest that I am an inter- 
nationalist. I feel we would miss the 
foreign medical graduates who are 
with us very much if we had in the 
past cut off any spigot. It is impor- 
tant not to look back. For the future 
we should first improve the training 
programs for the foreign graduate, 
but we should admit them into our 
medical care system only where they 
would not take the places of our own 
citizens who are trying to do the same 
thing. As to how to implement this, I 
have no simple suggestion at the mo- 
ment. 

The business of trying to assess the 
quality of an individual before he en- 
ters the country by assessing the 
quality of the medical scheol from 
which he came was tried by the AMA 
years ago. They had a list of medical 
schools in foreign countries, but 
found it totally unreliable and diffi- 
cult. I do not see how we could take 
this tack. The only available method I 
can visualize is not to allow appli- 
cations for immigration until an indi- 
vidual has worked in a training pro- 
gram or a Visitor’s status for “X” 
number of years in the United States 
during which time we would be able 
to assess his suitability, in terms of 
his competence and the needs of our 
health care structure, for application 
for Immigrant status. 


Dr. CHASE: Certainly you are not 
saying “stop training.” One of the 
questions, as a matter of fact, points 
this out, “What do you think about 
providing training to foreign gradu- 
ates in their own country, as has been 
done at the University of Saigon?” 
Many of you know about the program 
in Saigon and many of you may wish 
to respond to this in your comments. 


Dr. WARREN: This is an important 
thing. The International Relations 
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Committee of the college is doing 
a lot with this, and many medical 
schools are doing it on their own. 
Many medical centers have programs 
in foreign countries. This should be 
expanded. One of the difficulties is 
that this method does not satisfy the 
individuals in the countries them- 
selves. Many of the individuals in the 
foreign countries want to come to the 
United States and be in the system 
here and see what it is like on their 
own, rather than having professors 
come to their own countries and tell 


them about it. This business of want- * 


ing to move around is a human thing 
and I think we should encourage it to 
some extent. But it is where one is to 
settle that needs controlling. 


Dr. Moore: Well, the only thing I 
would add is the point that Dr. War- 
ren referred to just for a moment. 
That is, we are apt not to realize what 
a terrible drain—he used the word 
“brain drain”—but what a terrible 
drain the United States is for the 
medical educational facilities of these 
other countries. They take it very se- 
riously. Mrs. Moore and I were vis- 
iting Thailand a few years ago, and 
after the first pleasantries and the 
first few days of making rounds, we 
began to realize how deeply that gov- 
ernment feels about the fact that 
some 30% of all their medical gradu- 
ates are practicing in the United 
States, when they have paid for their 
education! As I understand it, 30% of 
all doctors that have ever been edu- 
cated in Colombia are practicing in 
the United States! So that is not the 
way to win friends. 


Dr. CHASE: Dr. Anlyan, do you wish 
to comment? 


Dr. ANLYAN: I would say that in 
view of the interrelationship of the 
health manpower we produce in US 
schools and the foreign medical grad- 
uate problem, we have got to address 
ourselves initially to a problem of na- 
tional policy. Are we going to produce 
just the number of physicians that we 
anticipate will be needed in this coun- 
try in the next 20 years? Are we go- 
ing to go that route—as they do, say, 
in the United Kingdom—or are we go- 
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ing to take the national policy of the 
state of Israel, where a medical edu- 
cation is a right of any citizen who 
demands it as long as they have the 
qualifications? Now, anticipating that 
we ought to at least educate those 
whom we need, I think that these 
medical schools at Bologna and Gua- 
dalajara, in terms of educating Amer- 
icans, are a national disgrace. As 
a minimum, we ought to be produc- 
ing the physician manpower that we 
need. We should control the quality of 
the immigration by controlling the 
residency training programs in our 
own institutions. 


Dr. CHASE: Dr. DuVal, do you care 
to comment? 


Dr. DUVAL: No, I think I am am- 
bivalent; the points have been made, 
and I think we are going downhill if 
we keep this up. Dr. Anlyan’s point to 
me is the most critical. It is the issue 
in the United States of what you 
would call educational opportunity. It 
is worth remembering, you know, if 
you think over your knowledge of his- 
tory, that the one lesson maybe all 
of us learned after seceding from 
George III, was that we did import— 
even though we adopted a new politi- 
cal system—a European educational 
system and it did not last. Instead, 
we went the public route in the 
United States by an arrangement 
that is absolutely an inspired ar- 
rangement, one that made it possible 
for us to give every young person 
coming along an opportunity to make 
a free choice. He could decide which 
direction he wanted to go, and what 
education he wanted, and we saw to it 
that he had what you would call an 
educational opportunity. 

In the recent years, the United 
States has begun to realize that it has 
run out of time with that philosophy. 
In medicine, veterinary medicine, 
nursing, and law we now restrict ad- 
missions. And, of course, this is one of 
the two reasons we have such a seri- 
ous foreign medical graduate prob- 
lem. No one has mentioned the fact 
that the fastest growing career pref- 
erence of the undergraduate college 
student today is medicine. Unfortu- 
nately, this has occurred at exactly 


the time that we have hit the ceiling 
capacity of American medical schools, 
operating in their current mode, to 
receive and produce physicians, As 
long as residency opportunities are 
greater in number than the number 
of graduates of American medical 
schools, you are going to have a for- 
eign medical graduate problem. It 
will be there until you come to grips 
either with the bind in the middle or 
by regulating on the other end, 
through the State Department and 
the Department of Labor. 


Dr. CHASE: Dr. DuVal, there are a 
number of questions here for you. 
Among them are some questions 
about the new specialty you sug- 
gested. As I heard you comment, it 
sounded to me as though you thought 
there ought to be a new specialty that 
would address itself to health care de- 
livery, and it seems to me to be what 
traditionally might appropriately fall 
into one category of the specialty 
“public health and preventive medi- 
cine.” 


Dr. DUVAL: If I left that impres- 
sion, the fault clearly is mine. I was 
talking about physicians like you and 
me regrouping ourselves in the com- 
munities in which we live for the pur- 
pose of distributing our particular 
services. Let me give you an example 
in respect to something we did in Ari- 
zona. The moment I describe it, I 
think you will see my point. Some 
years ago when some of us arrived in 
Arizona to start a medical school, one 
of the most striking problems we ob- 
served was that the infant mortality 
in that state caused us to be on the 
national list at 43rd. It is a very large 
rural state; there are many miles of 
barren country between the commu- 
nities. Our Department of Pediatrics 
at the medical school immediately 
joined forces with the pediatricians, 
first in Tucson, and then all over the 
state, and asked if they could not 
come together in a collaborative pro- 
gram designed to tackle all problems 
relative to the neonatal period. And 
they did put in place—with a small 
grant—a transport system. 

What they did was transport pedia- 
tricians to every small town in the 
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state, and put on a short training 
course for the nurses in the little hos- 
pitals, to recognize and to manage the 
newborn in distress. And as soon as 
one was spotted and while treatment 
Was started, a teem immediately left 
Tucson or Phoenix, Jew to the area, 
picked up the cild, and rendered 
treatment in the airplane while it 
was coming back, and then continued 
the treatment in a regional center. 
This has been im eperation for almost 
five years. The cost has been singu- 
larly small when you realize that we 
have cropped the mortality by 30% 
and have fallen from 48rd to 11th in 
the nation. 

All I am saying is, ““Who knows any 
better about tke problems about the 
neonatal child than a pediatrician?” 
The country medical society does not. 
This is the point I am trying to make. 
Here is a group cf people who do the 
same thing, whc got together and 
took on a problem of “How do I close 
that gap and meet that need?” It 
werked. Now it will not work appli- 
cably and coequally, by any means, in 
all specialties anc I have grave reser- 
vations as to whecher general surgery 
might be one in whizh it would work. 
I have no doubt, 10wever, that it will 
work in neurosurgery. It certainly 
will in orthopedics. It probably will 
work in urology. It can and does in 
pediatrics, and it can work in any pri- 
mary-contact specialty. 


Dr. CHASE: | just wanted to give 
you an opportunity to talk about the 
pediatric program in Arizona. An- 
other listener writes, “No one has ad- 
dressed himself to the problem of 
shortage in the mne2r city where so- 
cial considerations make the physi- 
Gians”—and it is written shakily 
here—“afraid to enter some areas.” 
That is a good question except that I 
am not sure that we as a medical pro- 
fession can be expected to solve all 
the problems ef zhe world like pollu- 
tien, erime, overpopulation, environ- 
mental decay, traffic accidents, and 
drug abuse. If anyone wishes to ad- 
dress himself to this, I would be 
heppy to have him do so. Dr. Moore? 


Dr. Moore: Sure, L will take a crack 
at anything, I guess. But, I do think 
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there is a way there and curiously 
enough there is an analogy with some 
of the rural areas, too. That is that a 
solo practitioner of surgery, medicine, 
pediatrics, and so on, going into a 
tough area in one of our big cities, is 
not only lonely, possibly in some dan- 
ger, and possibly in some ethnic prob- 
lem that he may not feel sympathetic 
with, but he is ineffective. The basic 
manpower unit in surgery is not a 
single individual. It is several people, 
three to five to seven multispecialty 
groups working together in relation 
to a hospital. In our community in 
Boston, we have two such groups that 
have specifically gone out to work in a 
primarily underprivileged and black 
area. They have just as many black 
people working with them medically 
and surgically as possible, but not 
exclusively by any means, and they 
have, I think, found a way to be effec- 
tive. A group of people can do some- 
thing in those areas that a solo person 
can never accomplish. 


Dr. CHasE: Dr. Moore, what per- 
centage of US surgery is currently 
done by residents? 


Dr. Moore: We think about 15%— 
that is, say, 15% of the “load factor” 
of surgical care—emergency ward, 
night coverage, tough cases, big 
burns, acute pancreatitis, crunch in- 
juries, as well as the usual “listing” of 
elective operations. There are some 
fairly large cities where that figure 
for residents’ surgery is very, very 
low, probably under 1% or under 2%. 
There are parts of New York City 
where it is almost 100%. That big ac- 
tive resident staff at Bellevue Hospi- 
tal, for example, is providing the total 
surgical care umbrella for a tre- 
mendous number of people. So the 
figure varies, but we think for the 
country it is about 15%. 


Dr. CuaAsE: Dr. Moore, since this is 
a personpower panel, and I know that 
your data must show the number of 
male versus female surgeons or physi- 
cians generally, I wonder if you would 
comment on a question here: “How is 
the estimation of women physicians’ 
contribution to health care made?” 
And I wonder if you could give us any 





answer on the number of female sur- 
geons in the United States. 


Dr. Moore: Well, they are very 
few and far between. I can not give 
you the numbers but it is hopefully a 
wave of the future or maybe only a 
ripple. There is scarcely a hospital in 
this country that has a training pro- 
gram that does not have more women 
in its youngest group (interns and 
junior residents) than it has ever had 
before. Dr. Warren has seme data 
showing that foreign medical gradu- 
ates tend to have more women than 
US medical graduates on the surgical 
side. Is that correct? 


Dr. WARREN: Yes, about 10% of our 
foreign medical graduates entering 
are women, whereas we only have 
about 3% in this country. 


Dr. CHASE: There is a question for 
Dr. Anlyan: “Would you repeat what 
Dr. Sabiston does to get assistance in 
the operating room?” 


Dr. ANLYAN: Yes, as a matter of 
fact, I discovered it one day when the 
second assistant on the case was help- 
ing me on one side of bilateral vari- 
cose veins, while the first assistant 
was proceeding on the other leg. I 
thought he was a somewhat over- 
eager intern. You could hardly have 
one drop of blood and he would have 
a clamp on and was cauterizing it. 
Halfway through the operation Dr. 
Sabiston came in and made sure that 
I knew that he was a physician assist- 
ant. I was very impressed with what 
physician assistants can do to extend 
the house staff duties in both a com- 
munity hospital and a teaching hospi- 
tal. Dr. Sabiston also has physician 
assistants working with the resident 
staff who rotate through our commu- 
nity hospital in Durham at Watts 
Hospital. So it can work in both set- 
tings. 


Dr. CHaseE: Our time is up. We shall 
terminate at this point with thanks to 
our excellent panelists. 


Figures 2 and 3 are reproduced from the An- 
nals of Surgery (176:457-468, 1972). 
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For optimal preoperative skin degerming — BETADINE Surgical Scrub. Chosen 
by NASA for Apollo 11/12/14 splashdowns, BETADINE Su rgical Scrub provides 
a golden microbicida! lather for prepping the Operative site... kills both gram- 
positive and gram-negative bacteria (including antibiotic-resistant strains), fungi, 
viruses, protozoa and yeasts... promptly achieves full microbicidal effect with 
each usage. (In the rare instance of local irritation or sensitivity, discontinue use 
in the individual.) 


To enhance antisepsis— BETADINE Solution or BETADINE Aerosol Spray. After 
initial prepping with BETADINE Surgical Scrub, paint the operative area with 
BETADINE Solution (chosen by NASA for the Skylab mission), or spray with 
BETADINE Aerosol Spray...both are fully microbicidal and film-forming... 
maintain microbicidal activity in the presence of blood, pus and serum...treated 
area may be bandaged, taped or covered by a cast. 


To help maintain postoperative antisepsis— Reapply BETADINE Solution or 
BETADINE Aerosol Spray after suturing and during redressing. BETADINE 
microbicides are virtually nonirritating and do not stain skin and natural fabrics. 
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Major Lower Extremity Amputations 
Following Arterial Reconstruction 


Ernest M. Burgess, MD, F. William Marsden, FRCS, Seattle 


A small but significant number of patients 
who have undergone arterial reconstruction 
in the lower extremities come to amputation. 
In 142 consecutive maor amputations per- 
formediunder these circumstances, compari- 
son is made statistically to a like number of 
lower extremity amoutations performed for 
arterial occlusive disease without previous 
vascular surgery- 

This retrospective scrutiny of consecutive 
amputations may ēssist in defining more 
clearly the preoperetive guidelines for arte- 
rial reconstruction, as well as the need and 
use of more specif abjective tests in as- 
sessing the marginal ischemic limb. 


his study reviews 142 major am- 

putations perfcrmed on patients 
who had undergone previous recon- 
structive vaseular surgery for is- 
chemia. Inclucec aze all patients of 
this category treated by the Seattle 
Prosthetics Research Study during 
the eight-year period 1965 to 1972. 
We believe that retrospective statisti- 
cal evaluation of this selected group 
of amputees may assist not only in 
delineating improved systems of am- 
putee management but also in the 
preoperative eveluetion of marginal 
patients for whom vascular recon- 
struction is plannec. 

Five times as many men as women 
came to ampataticn in this series. 
(Age and sex are noted in the Table.) 
As would be enticipated, nine out of 
ten were over 5O years of age with 
nearly two thirds o? the number over 
60 years of age. 

The genera! h2alch of the patients 


Aceepted for publieaticn Oct 11, 1973. 

From the Univesity o Washington School of 
Medicine (Dr. Burzess) amd Prosthetics Research 
Study, Seattle, and the Department of Surgery, 
University of Sydmey (Australia) (Dr. Marsden). 

Reprint requests to Prosthetic Research 
Study, Eklind Hall, Rm 409, 1102 Columbia St, 
Seattle 98104 (Dr. Burgess). 
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operated on previously related to 
other chronic and acute disease could 
not be appreciably distinguished from 
that present in the nonreconstructed 
ischemic amputees except as it was 
influenced by longer preoperative bed 
confinement, attendant diagnostic 
procedures, and hazards inherent in 
the anesthesia and vascular recon- 
structions. These factors became es- 
pecially significant when amputation 
was required a short time after the 
vascular surgery. The one statisti- 
cally significant exception to general 
health status related to diabetes (Fig 
1). Sixty-five percent of those pa- 
tients coming to major lower extrem- 
ity amputation for ischemia without 
previous vascular reconstruction had 
diabetes. Only 35% of the recon- 
structed patients were diabetic.’ 

Vascular surgical procedures per- 
formed on the 142 patients were as 
follows: lumbar sympathectomy (36), 
lumbar sympathectomy and arterial 
reconstruction (22), one arterial re- 
construction procedure (41), two (22), 
three (14), four (3), five (3), and six 
(1). 

Amputation followed the last vas- 
cular surgery by 2 weeks or less (32 
patients), 2 to 4 weeks (33), 4 to 6 
weeks (8), 6 to 8 weeks (2), 8 to 12 
weeks (9), 3 to 6 months (12), 6 to 12 
months (13), 1 to 2 years (10), and 
more than 2 years (22). 

Nearly half of all patients coming 
to amputation had undergone their 
last vascular surgery during the pre- 
ceding four weeks. If the limb func- 
tionally survived up to the four-week 
period, the success of the revascular- 
ization remained reasonably stable 





whose vascular surgery failed and 
who came to amputation shortly 
thereafter, usually during the same 
period of hospitalization, were the 
most vulnerable to wound-healing 
complications and to general morbid- 


ity. 
Report of Cases 


CasE 1.—A 56-year-old man with several 
years’ history of ischemic peripheral vas- 
cular disease, in 1965 underwent a right 
femoral-to-popliteal artery bypass graft 
for pain and severe intermittent claudica- 
tion. The postoperative period was un- 
complicated. He remained relatively symp- 
tom-free until three years later when he 
had a sudden onset of numbness and cold- 
ness in his right leg. Physical examination 
revealed a white, pulseless, painful leg 
with marked diminution of sensation. On 
July 24, 1968, he had an emergency end- 
arterectomy of the popliteal artery. An ap- 
parent embolus had dislodged from the 
distal portion of his prosthetic bypass 
graft. Postoperatively the distal circula- 
tion improved, although there were no pal- 
pabable pulses. By the second postopera- 
tive week, his ischemia became more 






Age and Sex Distribution of Patients 


No. of Patients 






Previous No Previous 









Vascular Vascular 
Age Group, yr Surgery* Surgeryt 
Over 90 0 2 
80 to 90 11 18 
70 to 79 32 31 
60 to 69 42 35 
50 to 59 40 32 
40 to 49 12 20 
30 to 39 






20 to 29 


* Previous vascular surgery: 114 men 
(80%) and 28 women (20%). Of 142 pa- 
tients, 61% were over 60 years of age. 

t No previous vascular surgery: 107 men 
(77%) and 33 women (23%). Of 140 pa- 
tients, 62% were over 60 years of age. 
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(93) 


Mild: Diet or Orally (32) 
Administered PO P/IITIN (8) 
Medication | 


Moderate: Less Than (4) 
20 Units Insulin (13) 


WIN 


Severe: More Than 
20 Units Insulin 


Previous Vascular Surgery 
4 No Previous Vascular Surgery 


Fig 1.—Diabetes: the one statistically significant exception to gen- 
eral health status. 
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Fig 2.—Patient 1, 15 days after vascular reconstruction and im- 
mediately before right below-knee amputation. 





Fig 3.—Patient 1, on 23rd postoperative day following right below- 
knee amputation. 


severe with return of rest pain. A femoral 
arteriogram revealed occlusion of the orig- 
inal femoral-popliteal bypass graft, 
whereas this graft had been open previ- 
ously at the time of acute ocelusion of the 
popliteal artery. On Aug 12, 1968, he un- 
derwent a revision of the femoral-popliteal 
prosthetic bypass graft with replacement 
vein graft. Two weeks following this pro- 
cedure, with no demonstrable improve- 
ment, the patient’s foot became gangre- 
nous and a right below-knee amputation 
with immediate postsurgical prosthetic fit- 
ting was performed on Aug 21, 1968. The 
rehabilitation course was uneventful. Su- 
tures were removed on the 13th postopera- 
tive day. Cast and measurements for de- 
finitive prosthesis were taken on the 34th 
postoperative day (Fig 2 through 4). 
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Case 2.—A 62-year-old attorney with a 
long-standing history of obliterative arte- 


rial disease, diabetes mellitus, throm- 


bophlebitis, one pulmonary embolism, ar- 
rested chronic alcoholism, and a painful 
open ulcer over his left tibia was admitted 
to Swedish Hospital, Seattle, in July 1972, 
where he underwent a translumbar aorto- 
gram followed by a femoral-to-popliteal 
vein graft. The reconstruction resulted in 
restoration of pulses down to ankle level 
and some healing of his leg ulcer. He was 
discharged to his home on Aug 12, 1972, 
wearing a gelatin cast boot. He was again 
admitted to the hospital on Sept 3. The 
femoral-popliteal vein graft had occluded 
and the ulcer remained unhealed. Rest 
pain was severe, requiring large amounts 
of narcotics. A translumbar aortogram 





= 


Fig 4.—Patient 1, wearing definitive prosthesis. 


was done on Sept 7, followed by a left lum- 
bar sympathectomy and the femoral-pop- 
liteal vein graft was replaced on Sept 8. 
Debridement of leg ulcer, closure of defect 
by rotation pedicle flap, and meshed split- 
thickness skin graft to flap donor area 
were attempted on Nov 3. The ulcer did not 
heal after the vascular procedure, although 
the graft appeared to be functioning. On 
Nov 16, a left below-knee amputation with 
immediate postsurgical prosthetic fitting 
was performed. The patient was ambula- 
tory on the second postoperative day with 
limited weight bearing. Sutures were re- 
moved on the 18th postoperative day and 
cast and measurements for a definitive 
prosthesis were taken on the 33rd postop- 
erative day (Fig 5 through 7). 
Forty-four percent of extremities 
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Fig 5.—Patierz Z 69 days after arterial by-pass graft and immedi- 


ately before left below-knee amputation. 





Fig 6.—Patien 2 on 28th postoperative day following left below- 


knee amputation. 


Fig 7.—Patient 2, wearing definitive prosthesis. 


requiring amə»uzation had open le- 
sions with infection. These infections 
were controlec by conventional 
means, and in none of these cases was 
a preliminary low guillotine amputa- 
tien required “or control of infection 
prior to defini ive surgery (Fig 8). 
Referable tc tae primary and final 
levels of ampetetion, these data are 
recorded in Fa 9 and 10. Of signifi- 
cance is the firal level of healing (Fig 
11). Seventy-fve percent of all pa- 
fients healed definitively at the be- 
low-knee level. Of the entire group of 
118 primary bélow-knee amputations, 
O (8%) required reamputation to ei- 
ther knee disarcictlation or above- 
kmee level. Ths below-knee to above- 
knee revision “ate is the same as in 
the comparable group of major lower 
extremity amputations for ischemia 
without previesus vascular surgery. 
The reasons for the revision or ream- 
putation are oatiined in Fig 12. The 
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causes of delayed wound healing be- 
yond four weeks from the time of am- 
putation are outlined in Fig 18. The 
time of revision surgery relative to 
the initial amputation is outlined in 
Fig 14. Of interest are percentages 
of wounds healed (Fig 15) and the 
length of hospital stay after the ini- 
tial amputation (Fig 16). 

Rehabilitation goals must be indi- 
vidually established among this group 
of patients. The ability to become 
gainfully employed again may not be 
relevant in that a majority of these 
individuals are beyond work age or 
unable for other reasons to pursue 
gainful employment. Relative physi- 
cal independence and self-sufficiency 
outside an institutional setting will 
represent maximum practical rehabil- 
itation for most geriatric amputees. 
Figures 17 and 18 delineate essential 
measures of the rehabilitation ob- 
tained in this series. 





Conclusions 


Arterial reconstruction will salvage 
many ischemic limbs threatened by 
amputation.’ In these marginal pa- 
tients, the decision between amputa- 
tion and reconstruction is often diffi- 
cult, and certain patients who have 
been subjected to vascular surgery 
will later require amputation. The 
level of primary major lower extrem- 
ity amputation in patients who have 
undergone previous vascular surgery 
does not differ appreciably from the 
ischemic amputee who has not been 
operated on.’ In this series, the level 
of amputation was neither lowered by 
the reconstructive surgery nor was a 
higher level of amputation necessi- 
tated in any substantial number of 
patients as a result of the previous 
surgical attempts to improve distal 
blood flow.* We have seen individual 
instances in which amputation levels 
have been changed unquestionably as 
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Open Ulcers and/or Unhealed 
Incisions ( No Predominant 
Organisms) 


Gram-Negative Organisms 


UC (80) 
(38) ` 

(21) 
V/A (19) 
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(42) 

Staphylococcus, Penicillin-Resistant mc) 12) 
Staphylococcus, Penicillin-Sensitive pa) 


J/K8) 
Streptococcus Praz 
2 
Gas Gangrene Ms ig) 
‘ : Previous Vascular 
Active Infection Elsewhere, (2) = 
eg, Lungs, Kidney fa) Surgery 


No Previous 
Vascular Surgery 


Fig 8.—Infection in extremity to be amputated. 
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Syme or Hind Foot (1) 
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Below-Knee, 10.2 cm or Less 14) 
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(2) 
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é ; (25) 
Above-Knee, Midshaft waray 
Short Above-Knee ©) 
So aN A i (4) Previous Vascular Surgery 
Hip Disarticulation 1) No Previous Vascular Surgery 


Fig 10.—Final level of healed amputation. 





No Revision 
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Necrosis of Posterior Flap, Avascular (4) 
Necrosis of Both Flaps, Avascular ny 1) 
Primary Soft-Tissue Wound Infection WA 


(4) 
Recurrent Osteomyelitis 1(1) 
Trauma to Stump 2 Degrees (2) 
to Excessively Active Patient (3) w Previous Vascular 
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(2) 7, No Previous 


to Ill-Fitting Prosthesis Vascular Surgery 


Fig 12.—Reason for Prosthetic Research Study amputation. 
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(8) 
(10) 

1 to 2 mo (8) 
2 to 3 mo os 
3 to 6 (2) 

mo (4) 

(1) 

CTM i Previous Vascular Surgery 
1 to 2 yr E) No Previous Vascular Surgery 


Fig 14.—Time postoperative before revision of Prosthetic Re- 
search Study amputation. 


658 Arch Surg/Vol 108, May 1974 


Transmetatarsal 7 (3) 
Syme or Hind Foot (2) 


Below-Knee, (102) 
More Than 10.2 cm HUUU OLT) 


Below-Knee, 10.2 cm or Less pmc) 






J f a, 
D D E E i. 





Knee Disarticulation Hs 
Above-Knee, Supracondylar vt 
Above-Knee, Midshaft TMK YN ) 


y revious Vascular Surgery 


Hip Disarticulation I1) No Previous Vascular Surgery 


Fig 9.—Primary level of amputation. 
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Fig 11.—Level of revision of Prosthetic Research Study amputa- 
tion. 
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Fig 13.—Cause of delayed wound healing (more than four weeks). 
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Fig 15.—Percent of wounds healed. 
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a result of the previous surgery, but 
this is without statistical significance 
in the whole @ries. Delayed healing 
and loeal wound complications are ap- 
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8 to 14 Days 





15 to 21 Days 
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6 to 8 Weeks 


2 to 3 mo 





(10) 
3 to 4 mo EA 


(2) 
(4) 


Previous ascukr Surgery 
No Previeus Vascular Surgery 





(7) 
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More Than 6 mo 


Fig 16.—Length of hospital stay after ini- 
tial Prosthetic Research Study amputation. 
Distribution between private and service 
hespital was 51% private and 49% service 
for patients havieg previous vascular sur- 
gery and 34% prwate and 66% service for 
patients having mo previous vascular sur- 


gery. 





preciably more frequent with the 
postreconstruction ischemic amputa- 
tion. This is especially true when the 
amputation is performed within the 
first four weeks following the last at- 
tempted vascular procedure. A num- 
ber of factors are responsible. These 
include the disturbance of collateral 
circulation in the extremity, the re- 
sult of surgical manipulation, and in- 
cision placement. This is particularly 
true in attempting low levels of am- 
putation, ie, at the below-knee level. 
However, even the primary above- 
knee amputation heals more slowly 
and with a higher complication rate 
than in the nonreconstructed am- 
putee. Another factor has to do with 
the general deterioration of patient 
health where the amputation has 
been preceded by a longer hospital 
stay, anesthesia, and surgery. We 
have repeatedly stressed,- as have 
others, -? the importance of knee sal- 
vage in rehabilitation of this group of 
older amputees. Seventy-five percent 
of all patients in this series healed at 
the below-knee level. Many of these 
patients represented the most diffi- 
cult of amputee problems. Extensive 
recent vascular surgery with multiple 
incisions, some unhealed and open, 
challenge the amputation surgeon to 
obtain a functional below-knee 
stump. Nonetheless this was accom- 
plished in three fourths of the pa- 
tients, using our system of manage- 
ment.'**? It should be possible to 
duplicate and hopefully to improve 
this experience on any well-disci- 
plined amputation service. 

As has been previously recorded 
and frequently observed, the lower 


Fig 17.—Time required for stump to be ready to be measured for 


definitive prosthesis. 
` 28 Daysoor Less Afer 
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29 to 42 Days 
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43 to 56 Days (17) 
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Not Measured (21) 
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the level of attempted vascular recon- 
struction, the less chance for success 
and the higher the amputation rate. 
This well-known circumstance chal- 
lenges the vascular surgeon in his de- 
cision to attempt revascularization 
where bypass grafts are placed into 
or below the trifureation level. Preop- 
erative criteria for successful vascu- 
lar reconstruction vary considerably 
among surgeons. A marginal patient, 
of course, presents the greatest judg- 
ment challenge. The rehabilitation 
rate following amputation in this pa- 
tient population can be high where 
amputation management is truly a 
team function. We believe this fact is 
too often overlooked in arriving at a 
decision as to whether or not at- 
tempted revascularization should be 
carried out. As Dale and others'®” 
have pointed out, the amputation 
must be looked upon as prosthetic re- 
habilitation or prosthetic reconstruc- 
tion and considered equally impor- 
tant in the surgical management of 
the ischemic lower extremity, equal in 
importance to surgical methods for 
revascularization. The surgeon con- 
templating vascular reconstruction in 
the marginal patient relies heavily on 
personal experience and judgment. 
The same is true relative to amputa- 
tion level when the physical circum- 
stances present are not clear-cut. 
Skin circulation is the most important 
single factor in amputation level se- 
lection. The degree of ischemia of the 
deeper tissues, particularly the 
muscle, will play a major role in the 
healing process but if the skin does 
not heal effectively, the amputation 
will fail from the standpoint of func- 


Fig 18.—Clinical evaluation of amputee result at follow-up. 
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tional recovery. We have used a wide 
range of laboratory information to 
improve our knowledge of skin and 
collateral circulation. No single test 
or specific group of tests provides a 
final and highly accurate yardstick. If 
the primary level of amputation is at 
below-knee level in 80% or more of all 
patients and the failure rate requir- 
ing revision to a higher level is below 
10%, an acceptable degree of rehabili- 
tation is achieved. The failure rate at 
the below-knee level will be reduced 
by experienced, careful surgery and 
cohesive team management. Im- 
proved and generally applicable labo- 
ratory information will also lower the 
failure rate. 

Certain patients who have under- 
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In the early days of arterial reconstruc- 
tion, it was feared that unsuccessful at- 
tempts might lead to higher levels of am- 
putation than would have been the case if 
the reconstruction had not been done. But 
Drs. Burgess and Marsden have now pro- 
duced an exceedingly important series of 
cases where the knee joint was saved in 
75% of limbs with failed arterial recon- 
struction and 83% of those who had had no 
reconstruction. Although the difference be- 
tween the two groups is in the expected di- 
rection, it is not statistically significant, 
and we must conclude, for the time being 


660 Arch Surg/Vol 108, May 1974 


gone surgical vascular reconstruction 
and whose limb remains viable are 
still functionally incapacitated due to 
pain, claudication, ulceration, edema, 
and other stigmata of ischemia. Be- 
low-knee amputation may offer these 
individuals greater functional resto- 
ration and a more normal and com- 
fortable life style. The modern below- 
knee and Syme amputations carry a 
low mortality and morbidity hazard. 
Operative insult is small. With the 
rigid dressing and immediate post- 
surgical prosthetic system, the pa- 
tient’s period of recumbency is usu- 
ally only a day or two. Awareness of 
the changing role of amputation in 
the management of the ischemic low- 
er extremity allows the vascular sur- 
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Editorial Comment 


at least, that the ultimate levels of ampu- 
tation are comparable, even though the 
convalescence is longer and the local com- 
plications greater where arterial recon- 
struction has been done. 

What should this information do to our 
attitudes when faced with a decision for or 
against arterial reconstruction? On the one 
hand it should strengthen our resolve to at- 
tempt arterial reconstruction in a limb 
where major amputation is genuinely the 
only alternative. On the other, it is impor- 
tant to remember that it tells us nothing 
about the vexing question of whether a 


geon greater latitude in service to 
these patients.” As vascular surgical 
reconstructive techniques improve, so 


will the techniques of amputation and 


amputee rehabilitation. Presently, 
the medical management of degener- 
ative arterial disease is not reducing 
the number of patients who require 
limb ablation. Surgical vascular re- 
construction can improve and sustain 
functional limb viability for varying 
periods of time. Amputations for oc- 
clusive vascular disease are increas- 
ing nonetheless. The nonoperative 
prevention and control of these vas- 
cular diseases may well represent the 
greatest health challenge of our day. 
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failed reconstruction in an unthreatened 
limb (one with intermittent claudication) is 
a good procedure or not. Few vascular sur- 
geons fail to remember at least one patient 
whose limb became more ischemic after 
closure of a graft. 

The most significant message of this im- 
portant communication, however, is that it 
stands as one more big nail in the coffin of 
the above-knee amputation for ischemic 
disease, whatever the degree of ischemia 
or whatever the prior treatment. 

RICHARD WARREN, MD 
Boston 
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Nonatherosclerotic Segmental Arterial 


Occlusion of the Extremity 


Kiyoshi Inada, MD; Yasutoshi Iwashima, MD; 


Akinori Okada, MD; Koji Matsumoto, MD, Gifu, Japan 


Of 375 patienss encountered with chronic 
arterial occlusive cisease of the extremity, 
236 were classimied as having Buerger dis- 
ease and 139 a- havirg arteriosclerosis. In 
only 11 of the former was the occlusion seg- 
mental and susceptible to reconstructive 
surgery, ten in the lower extremity and one 
in the upper extremity. In eight of these 11 
the occlusions were multiple. Although the 
distribution of Sie lesions in these 11 pa- 
tients was atypical for Buerger disease, his- 
tologic material available supports an in- 
flammatory cause nore complicated than a 
simple reaction © thrombosis. 


se occlusion of the arte- 
rial trunk o° the extremity, unre- 
lated to athsresclerosis, congenital 
anomaly, or embolism, is a rare occur- 
rence. In Japan. chronic occlusive ar- 
terial disease that is believed to fit 
into the condtien ef Buerger disease 
is still comma, although an increase 
of arteriosclems.s obliterans has been 
noted recently. However, there are 
few cases of patients with nonath- 
eroscierotic @gmental occlusion of 
the arterial trunk of the extremity. 
The purpose of this article is to de- 
seribe such a ease and te discuss the 
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Segmental Occlusion 









Pa- 
tient Age, Chief Site of Histologic 
No. yr Complaint Occlusion Operation Result Finding 











Acute 
inflammation 


1 24 Coldness Radial artery 



























2 23 Intermittent Popliteal artery Vein bypass Patent 
claudication (6 yr) 
3 34 Intermittent Popliteal artery Thromboend- Occluded 
claudication Posterior tibial arterectomy (6 mo) 
artery 
4 38 Intermittent Popliteal artery Thromboend- Patent 
claudication arterectomy (6 yr) 
5 46 Intermittent Femoral artery Thromboend- Patent 
claudication Anterior tibial arterectomy (7 yr) 
artery 
6 44 Ulcer Femoral artery Dacron bypass Patent 
Anterior tibial (3 yr) 
artery 
7 43 > Intermittent Femoral artery Thromboend- Patent 
claudication Popliteal artery arterectomy (3 yr) 
Anterior tibial 
artery 
8 35 Intermittent Popliteal artery Resection & Occluded Chronic 
claudication Posterior tibial vein graft (1.5 yr) inflammation 
artery 
9 45 Ulcer Femoral artery Thromboend- Occluded 
Anterior & arterectomy & (4 mo) 
posterior vein bypass 
tibial arteries 
10 42 Intermittent Femoral artery Vein bypass Occluded Chronic 


claudication Posterior tibial (6 mo) inflammation 
(R) artery 
Intermittent Femoral artery Vein bypass Patent 
claudication Anterior & (2 yr) 
(L) posterior 
tibial arteries 
11 47 Coldness Anterior & Resection & Patent Acute 
: posterior vein graft (1.5 yr) inflammation 





tibial arteries 
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genesis and differential diagnoses of 
these cases. 


Clinical Material 


A total of 375 patients with chronic arte- 
rial occlusive disease of the extremity were 
encountered in the last 13 years from Jan- 
uary 1960 to December 1972, 236 of which 
were classified as having Buerger disease 
and 139 as having arteriosclerosis oblit- 
erans. Diagnosis of Buerger disease was 
made based on the following criteria: (1) 
Age at onset of disease is below 45 years. 
(2) The initial appearance of symptoms or 
signs of occlusive arterial disease is in an 
extremity distal to the popliteal or brachial 
arteries. (3) Clinical evidence of arterio- 
sclerosis, cardiac disease that could be re- 
sponsible for arterial embolism, and colla- 
gen disease is absent; however, a history or 
clinical evidence of superficial throm- 
bophlebitis was not positively searched for 
as a rule, although migrating phlebitis was 
generally noted. Retrospectively, two cases 
of popliteal artery entrapment syndrome 
that had been thought to be Buerger dis- 
ease were excluded. A summary of the en- 
tire series is as follows: age at admission, 
21 to 51 years; age at onset of disease, less 
than 40 years in 95% of cases; sex, 98.5% 
male; involvement of upper limb, 16%; as- 
sociation of migratory phlebitis, 4.8%; as- 
sociation of diabetes mellitus, 1.0%; associ- 
ation of myocardial infarction, 0.5%; 
incidence of major amputation, 9.7%. 

Complete angiographic studies were per- 
formed in almost all cases in this series. 
Translumbar aortography was performed 
routinely, regardless of the site of occlu- 
sion, in the case of the lower extremity. 
There were 12 patients with occlusive le- 
sion only in the upper extremity, 186 only 
in the lower extremity, and 38 in both ex- 
tremities in the group with Buerger dis- 
ease. s 

The site and number of main occlusions 
found in the case of the lower extremity 
are shown in Fig 1. Eleven cases were 
found to have segmental occlusion of the 
arterial trunk of the extremity, one in the 
upper extremity and ten in the lower ex- 
tremity. The summary of these cases is 
given in the Table. Isolated segmental oc- 
clusion was found in only two instances in 
the case of lower extremity; with the pop- 
liteal artery entrapment syndrome sus- 
pected in one of them (Fig 2, case 2). The 
other eight had occlusive lesions in one of 
the tibial arteries in addition to the seg- 
mental occlusion in the central part. 


Report of Cases 


CASE 1.—A 24-year-old man was referred 
to the surgical clinic with chief complaints 
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of swelling and pain along the left radial 
artery. He developed pain, swelling, and 
redness on the anterior aspect of the right 
leg about ten months earlier, which sub- 
sided within ten days of treatment. One 
month later, pain and swelling developed 
on the volar side of the left wrist joint and 
disappeared within two months. Since 
then, the same symptoms recurred twice 
and his left radial pulse was found to be 
not palpable one month ago. 

Physical examination revealed a well- 
nourished man. No abnormalities were 
found in the chest and abdomen. There 
was slight swelling and tenderness, and a 
hard, rope-like induration was felt along 
the course of the left radial artery. Pulsa- 
tion of the radial artery was absent, al- 
though the color and temperature of the 
left fingers were unchanged. Peripher- 
al pulses were normal in the other ex- 
tremities. 

Left brachial arteriography showed dif- 
fuse narrowing of the central part and oc- 
clusion of the peripheral part of the radial 
artery (Fig 3). 

On exploration, the left radial artery 
was enlarged, fusiform, and about 2.5 cm 
long at the occluded part. The wall of the 
central part of this segment was moder- 
ately thickened and the lumen was 
markedly narrowed. 

Histologic section of the occluded seg- 
ment (Fig 4) revealed that the lumen of 
the artery was obliterated with fresh 
thrombus, which was surrounded by gran- 
ulomatous inflammatory tissue, including 
Langhans giant cell. These inflammatory 
changes were prominent in the intima, 
though the internal elastic lamina and 
structure of the media were well pre- 
served. There was moderate fibrosis 
around the adventitia. 

Case 8.—A 35-year-old man was ad- 
mitted to the surgical clinic with the com- 
plaints of intermittent claudication, cold- 
ness, and paleness of the right foot. Pain 
developed after walking 100 meters. 

Physical examination revealed a man in 
good general condition. The right foot was 
pale and cold. No pulsation below the knee 
was found, although femoral pulse was 
palpable on the right lower extremity. All 
pulses, except in the posterior tibial artery, 
were palpable on the left leg. 

The right femoral arteriography showed 
segmental occlusion about 5 em long in the 
popliteal artery, in addition to a diffuse oc- 
clusion of the posterior tibial artery (Fig 
5). The occluded segment of the right pop- 
liteal artery was explored. That portion 
was found enlarged and fusiform. It was 
resected and replaced by a vein graft. 

The histologic section revealed the arte- 


rial lumen to be obliterated with relatively 
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Fig 1.—Site and number of occlusive le- 
sions found in Buerger disease (arterioscle- 
rosis obliterans). 





Fig 2.—Right femoral angiogram (case 2) 
showing segmental occlusion of popliteal 


artery. 


fresh thrombus. Granulomatous inflamma- 
tory changes were found in the media and 
old fibrosis in the adventitia (Fig 6). 

Case 10.—A 42-year-old man was ad- 
mitted with chief complaints of inter- 
mittent claudication (about 200 meters) of 
one year’s duration and coldness of both 
feet. There were no palpable pulsations be- 
low the knee, although the femoral pulse 
was palpable on both sides. 

Translumbar aortography and right 
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femoral arteriography revealed segmental 
oeciusion of the right =emoropopliteal ar- 
tery in addition to oechision of the poste- 
rior tibial artery (Fig T`. Occlusive changes 
were diffuse, extencing from the origin of 
the superficial femoral artery to the poplit- 
eal bifurcation in the left leg. 

Femoropopliteal bypass graft was suc- 
cessiully done, restoring pulsation in the 
peda! artery in the right leg. 

A seetion of the oceluded left femoral ar- 
tery revealed the arterial lumen to be ob- 
literated by young cornective tissue with 
marked recanalization. There were resid- 
ual foci of inflammatory cell infiltration in 


Fig 3.—Left brachial angiogram (case 1) 
showing occlusion of radial artery. Note ul- 
nar and interosseus erteries (arrows). Ra- 
dial artery not shown. 


Fig 5.—Right femoral angiogram (case 8) 
showing segmental occlusion of popliteal 
artery. 
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the intima, granulation tissue containing 
foreign body giant cell in the media, and 
fibrosis in the adventitia. Internal elastic 
lamina and media were well preserved 
(Fig 8). 

Case 11.—A 47-year-old man was ad- 
mitted with complaints of coldness and 
paleness of the right second and third toes 
that had begun three months earlier. Phys- 
ical examination revealed no abnormality 
in chest and upper extremity. The right 
foot was pale and all of the toes but the 
fifth were slightly cyanotic. Pedal and pos- 
terior tibial pulses were not palpable on 
the right. Right femoral arteriography 





showed segmental occlusion in the poste- 
rior tibial artery, in addition to occlusion of 
the anterior tibial artery (Fig 9). This seg- 
ment was resected and replaced by auto- 
venous transplant. Histologic section 
showed the arterial lumen to be obliter- 
ated with relatively fresh thrombus accom- 
panied with partial organization and 
granulomatous inflammation. The internal 
elastic membrane was well preserved, al- 
though calcification was found in the me- 
dia (Fig 10). 


Comment 


There are many obstructive lesions 
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Fig 4.—Histologic section (case 1) showing acute inflammatory changes of arterial wall. 
Note giant cell (single-headed arrow) and internal elastic membrane (double-headed ar- 


rows) (hematoxylin-eosin, Xx 50). 


Fig 6.—Histologic section (case 8) show- 


Fig 7.—Right femoral arteriogram (case 





10) showing occlusion of superficial femoral 
artery. Anterior tibial and peroneal arteries 
are patent. 


ing round cell infiltration in media (hema- 
toxylin-eosin, Xx 70). 
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of the peripheral artery of the ex- 
tremity besides atherosclerosis; how- 
ever, the nonatherosclerotiec diseases 
are not yet fully delineated and are 
frequently misunderstood.? Buerger 
disease was believed the most com- 
mon among these diseases until a dec- 
ade ago. Recently, there has been se- 
rious doubt regarding its existence as 
a true entity.’ Certainly, there can be 
no doubt that many patients were 
misdiagnosed as having Buerger dis- 
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Fig 8.—Histologic section (case 10) show- 
ing many recanalizations in organized 
thrombus, and round cell infiltration and 
new vessel formation in media. Note well- 
preserved internal elastic membrane (ar- 
row) (hematoxylin-eosin, Xx 50). 





ease in the past, especially atheroscle- 
rotic diseases in young people. How- 
ever, we believe in the existence of a 
group of patients, distinctly different 
from those with arteriosclerosis ob- 
literans, who fit into the condition 
that Buerger originally described. 
The reported cases in this article 
are rather atypical of Buerger disease 
when compared with other patients 
as to site and type of occlusion. Defi- 
nite inflammatory changes are pres- 
ent suggestive of the inflammatory 
origin of the occlusive lesion in these 





Fig 9.—Right femoral arteriogram (case 
11) showing segmental occlusion of poste- 
rior tibial artery. Anterior tibial artery is 
occluded. 


Fig 10.—Histologic section (case 11) showing acute inflammation of arterial wall. Note in- 
ternal elastic membrane (single-headed arrows) and calcification (double-headed arrow) in 


media (hematoxylin-eosin, X 50). 


-— pe yen” 5 à a 
- =. 





666 Arch Surg/Vol 108, May 1974 


cases. These changes are not consid- 
ered to be a reaction to simple throm- 
bosis. 

The pathologic changes of Buerger 
disease are quite different depending 
on the stage of the disease. Acute 
changes are rare but characteristic 
where present.** This fact is better 
appreciated when we look at the cases 
described here as a whole. We can un- 
derstand them as a chain of patho- 
logic changes following each other in 
the same disease. 

The fact that a patent segment is 
present in the popliteal artery be- 
tween the central and distal occlu- 
sions shows that occlusive lesion may 
develop with skip area too. Our stud- 
ies on amputated limbs also disclose 
that occlusive lesion was segmental in 
Buerger disease. 

These cases with segmental occlu- 
sion of the popliteal artery should be 
differentiated from the popliteal ar- 
tery entrapment ‘syndrome,’ espe- 
cially in the case of young adults. This 
syndrome is relatively infrequent, 
but easily differentiated if studies 
based on femoral angiograms are 
done. As mentioned above, there were 
two cases of this syndrome excluded 
from Buerger disease. Case 2 is also 


Fig 11.—Histologic section of occluded 
segment in popliteal artery entrapment syn- 
drome (23-year-old man). Abnormal lon- 
gitudinal muscle (L) present inside normal 
circular muscle (C) (hematoxylin-eosin, 
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suspect on this basis. 
Until now, abeut 33 cases of this 


syndrome have been reported,” al- 
though histologe studies of the 
oceluded segmert are very scanty. 
Dible” described a case of a 15-year- 


ald boy who had segmental occlusion — 


in the left popliteal artery. On histo- 
logic section of tae əxeised specimen, 
a bundle of abnormal longitudinal 
muscle was found between thickened 
intima and normal circular muscle. 
He did not mention the popliteal ar- 
tery entrapment syndrome. At the 
time of publication of his book, only 
few cases of this syndrome had been 
_ reported. We hac a ehance to examine 
surgical specimens that were ob- 
tained from a 16-year-old girl and a 
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In Western countrizs, atherosclerosis is 
believed to be the mast important morbid 
factor in peripheral obliterative arterial 
diseases. Inada and eo-workers from Ja- 
pan have described a series of young pa- 
tients with nonatherosclerotic segmental 
arterial occlusion of the extremity that do 
not fic the condition that Buerger origi- 
nally described. 

In India, Sri Lenke (Ceylon), and other 
countries of the Crient, an occlusive arte- 
rial disease predominantly in young males 
affecting the inferior extremity is fre 
quentiy seen, resu ting in gradual vascular 
insufficiency, ischemia, and gangrene. The 
disease is most commen in low-income 
groups with poor nuzrition, in whom the 
standards of foot hyg ene are not the high- 
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23-year-old man. Both had segmental 
occlusion of the popliteal artery, al- 
though medial deviation of the poplit- 
eal artery was not observed on fem- 
oral arteriograms in both. Changes 
similar to those shown in Dible’s case 
were found in both of them (Fig 11). 
In addition, the same abnormal lon- 
gitudinal muscle was also observed in 
two other specimens obtained from 
occluded segments of the popliteal ar- 
tery, where the popliteal artery en- 
trapment syndrome was confirmed at 
the time of reconstructive surgery. 
Dible thought this abnormal mus- 
cular structure was a congenital 
anomaly, for the boy had pesequino- 
varus on the right leg. However, it is 
hardly conceivable that two anoma- 
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Editorial Comment 


est. They smoke, and some of them are ad- 
dicted to bhang and ganja (marijuana). 

The disease is definitely inflammatory in 
origin, and histologic changes are almost 
identical to those found by Inada et al. The 
exact nature of the disease has not been 
established. Opinions have been expressed 
in favor of rheumatic, tubercular, and au- 
toimmune origin, without substantial evi- 
dence. It resembles some collagen diseases 
in certain characteristics as well. 

It appears that the process of oblitera- 
tion starts at the distal end and the 
thrombus gradually ascends. It may stop 
short at any level, in the majority of pa- 
tients in the popliteal artery. There are no 
skip lesions. It is felt that some sort of in- 
fection may be entering through the bare 


lies—abnormality in structure of arte- 
rial wall and in location of artery—are 
associated simultaneously. This ab- 
normal longitudinal muscle is consid- 
ered to be a secondary change to me- 
chanical stress on the arterial wall. 

The similar abnormal longitudinal 
muscle layer is found in the pulmo- 
nary artery in the case of pulmonary 
hypertension." According to Weibel, 
intermittent longitudinal stretch of 
the artery produces a longitudinal 
muscle bundle in the arterial wall. 
The same mechanisms may be con- 
tributed to development of long- 
itudinal muscle in the popliteal artery 
entrapment syndrome. 
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skin of the feet or it may be some kind of 
reaction to tubercular infection in the arte- 
rial tree. The presence of Langhans type of 
giant cells and calcification in the granulo- 
matous inflammatory tissue surrounding 


the thrombus and also in the arterial wall 


point in this direction, although Mycobacte- 
rium tuberculosis has neither been seen 
nor cultured from it. yin 
The disease is responsible for a great 
deal of morbidity and financial hardship to 
the dependents of the patients. This calls 
for an all-out effort to discover its true na- 
ture and the methods for cure. 
M.P. VAIDYA, MBBS, FRCS (Epin), 
FRCS (ENG) 
Varanasi, India 
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A unique view of the gallbladder, from the inside looking out, 
by means of a true-to-life plastic model. 


1. Artist's conception of cutaway view of gallbladder contain- 
ing stones which, by causing irritation of the organ’s interior 
wall and restricting biliary naw, may play a role in the re- 
peated episodes of inflammation and infection associated 
with chronic cholecystitis. 

2. Artist's conception of microscopic section of gallbladder 
wall showing chronic state with superimposition of inflam- 
mation, edema and necrosis due to an acute episode. 
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Of VIEW 


Vibramycin doxycycline) 
penetrates gallbladder tissue to 
reach susceptible pathogens 


Vibramycin can be useful in 
cholecystitis because it provides a wide 
antibacterial spectrum and therapeutic 
tissue concentrations: Vibramycin 

is active against susceptible’ strains 








Concentrations of oral Vibramycin in gallbladder tissue | of bacteria 
removed from four surgical patients on a dosage of 


200 mg. P.O. stat and 100 mg. P.O. once daily until surgery? including Escherichia 


Concentration in Tissue coli and Entero- 


(mcg./Gm.) | 
8 _bacter aerogenes 
ee ‘(formerly Aerobacter 
T43 t> J aerogenes) 








1. Because not all strains of pathogens are susceptible, itis recommended 
that routine culture and susceptibility tests be performed. 

2. Fabre, J. et al.: Schweiz. Med. Wochenschr. 97:915, May 17, 1967. 

3. Concentration in the bile taken simultaneously: 24.2 meg./ml. 


VibramycinlV. 


(doxycycline hyclate for injection) 


100-mg. vials containing doxycycline hyclate equivalent 
to 100 mg. doxycycline with 480 mg. ascorbic acid 
200-mg. vials containing doxycycline hyclate equivalent 
to 200 mg. doxycycline with 960 mg. ascorbic acid. 


Pfizer) LABORATORIES DIVISION 
PFIZER INC 


See Brief Summary on following page for information on side effects and contraindications. 
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Important facts about 
Vibramycin (doxycycline) 


= can maintain therapeutic blood 
levels with a single daily infusion 


= can be used without complexities 
of dosage alteration in patients with 
impaired renal function 


= does not significantly elevate BUN 
in patients with renal insufficiency 


a virtually the same broad range 
of indications when switching from 
I.V. to oral form 


*Because not all strains of pathogens are susceptible, it is recommended that routine culture 
and susceptibility tests be performed. 


Vibramycin” Hyclate (doxycycline hyclate) and 

Vibramycin® I.V. (doxycycline hyclate for injection) 

BRIEF SUMMARY 

Contraindicated: In persons hypersensitive to any of the tetracyclines. 

Warnings: Use of tetracyclines during the last half of pregnancy, infancy and childhood to 
the age of 8 years may cause permanent discoloration of developing teeth. This is more 
common during long-term use of the tetracyclines but has been observed following repeated 
short-term courses. Enamel hypoplasia has also been reported. Thus, tetracyclines should 





Jo ee ee SF a 


sunlight or ultraviolet light can cause photosensitivity reactions. If these reactions 
(exaggerated sunburn) occur, discontinue therapy. Doxycycline forms a stable calcium 
complex in any bone-forming tissue. Fibula growth has been decreased in prematures given 
oral tetracyclines 25 mg./kg. q. 6 h., but this reaction was reversible when the drug 

was discontinued. 

The antianabolic action of the tetracyclines may cause an increase in BUN. Studies to date 
indicate that this does not occur to a significant degree with the use of Vibramycin in 
patients with impaired renal function. 

Vibramycin Intravenous has not been studied in pregnant patients. It should not be used 
in pregnant women unless, in the judgment of the physician, it is essential for the welfare of 
the patient. 

Animal studies indicate that tetracyclines cross the placenta, are found in fetal tissues and 
can have toxic effects on the developing fetus. Evidence of embryotoxicity has also been 
noted in animals treated early in pregnancy. 

The use of Vibramycin Intravenous in children under 8 years is not recommended because 
safe conditions for its use have not been established. 

Tetracyclines are present in the milk of lactating women who are taking a drug in this class. 





Precautions: Overgrowth of nonsusceptible organisms may occur, including fungi. If such 
superinfections are encountered, discontinue Vibramycin and institute appropriate therapy. 

In venereal disease when coexistent syphilis is suspected, a dark -field examination should 
be done before initiating therapy. Conduct monthly serological tests for at least 4 months. 

Because tetracyclines depress plasma prothrombin activity, patients on anticoagulant 
therapy may require downward adjustment of their anticoagulant dosage. 

In long-term therapy, conduct periodic laboratory evaluation of organ systems, including 
hematopoietic, renal and hepatic. 

Treat all Group A beta-hemolytic streptococcal infections for at least 10 days. 

Avoid giving doxycycline with penicillin because of possible interference with penicillin 
activity. 

Antacids containing aluminum, calcium, or magnesium impair absorption and should not 
be given concomitantly to patients taking oral Vibramycin. 


Adverse Reactions: Anorexia, nausea, vomiting, diarrhea, glossitis, dysphagia, enterocolitis, 
inflammatory lesions (with monilial overgrowth) in the anogenital region, maculopapular 
and erythematous rashes, exfoliative dermatitis, photosensitivity, urticaria, angioneurotic 
edema, anaphylaxis, anaphylactoid purpura, pericarditis, exacerbation of systemic lupus 
erythematosus, hemolytic anemia, thrombocytopenia, neutropenia and eosinophilia have 
been reported. Prolonged administration of tetracyclines may produce brown-black 
microscopic discoloration of thyroid glands. No abnormalities of thyroid function studies 

are known to occur. Bulging fontanels have been reported in young infants on therapeutic 
dosage but disappeared when the drug was discontinued. A dose-related rise in BUN has 
been reported. 


Oral Adult and Children’s Dosages: See the Vibramycin Oral package insert for 
recommended dosage schedules for adults and children. 


Intravenous Dosage and Administration: Note: Rapid administration is to be avoided. 
Parenteral therapy is indicated only when oral therapy is not indicated. Oral therapy should 
be instituted as soon as possible. If intravenous therapy is given over prolonged periods of 
time, thrombophlebitis may result. 

The usual dosage and frequency of administration of Vibramycin I.V. (100-200 mg./day) 
differs from that of the other tetracyclines (1-2 Gm./day). Exceeding the recommended 
dosage may result in an increased incidence of side effects. 

Studies to date have indicated that Vibramycin, at the usual recommended doses, does not 
lead to excessive accumulation of the antibiotic in patients with renal impairment. 


Intravenous Adult Dosage: The usual dosage of Vibramycin 1.V. is 200 mg. on the first day 
of treatment administered in one or two infusions. Subsequent daily dosage is 100 to 
200 mg. depending on the severity of infection, with 200 mg. administered in one or two 
infusions. 

In the treatment of primary and secondary syphilis, the recommended dosage is 300 mg. 
daily for at least 10 days. 


Intravenous Children’s Dosage: The recommended dosage schedule for children weighing 
100 pounds or less is 2 mg./lb. of body weight on the first day of treatment, administered in 
one or two infusions. Subsequent daily dosage is 1 to 2 mg./Ib. of body weight given as one 
or two infusions, depending on the severity of the infection. For children over 100 pounds 
the usual adult dose should be used. (See “Warning” Section for Usage in Children.) 


General: The duration of infusion may vary with the dose (100 to 200 mg. per day), but is 
usually one to four hours. A recommended minimum infusion time for 100 mg. of a 

0.5 mg./ml. solution is one hour. Desired concentrations of the final solution should be 

0.2 mg./ml. to 0.5 mg./ml. Concentrations below 0.1 mg./ml. or above 1.0 mg./ml. are not 
recommended. Therapy should be continued for at least 24-48 hours after symptoms and 
fever have subsided. The therapeutic antibacterial serum activity will usually persist for 

24 hours following recommended dosage. 

Intravenous solutions should not be injected intramuscularly nor subcutaneously. Caution 
should be taken to avoid the inadvertent introduction of the intravenous solution into the 
adjacent soft tissue. 

More detailed professional information available on request. 


Pfizer, LABORATORIES DIVISION 
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Prolonged Radial-Artery 


Catheterization 


An Evaluation of Heparinized Catheters 


and Continuous Irrigation 


Maj John B. Downs, MC, USAF; Roy L. Chapman, Jr., MD; 


Previously, we found that intermittent 
flushing of indwelling arterial catheters fre- 
quently resulted in arterial occlusion and 
catheter dysfunction. Twenty-gauge Teflon 
catheters, which caused less thromboses 
than 18-gauge catheters, still caused 
thrombus formation that nearly occluded the 
vessel within four days. To study the effect 
of constant irrigation and to evaluate the dif- 
ference between 20-gauge Teflon and 20- 
gauge heparin sodium-impregnated polyeth- 


rolonged  radial-artery cathe- 
terization has become a common 
method for obtaining arterial blood 
for blood-gas analyses and direct 
monitoring of blood pressure in pa- 
tients requiring intensive care. We 
previously reported that intermittent 
irrigation of indwelling radial-artery 
catheters was associated with a high 
degree of thrombus formation, which 
nearly occluded the artery within 
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ylene catheters, 20 patients were observed. 
Their radial arteries were cannulated and the 
catheters were connected to a constant infu- 
sion system. Arteriograms disciosed that 
heparin-impregnated polyethylene catheters 
resulted in significantly more thrombus for- 
mation than Teflon catheters. Teflon cathe- 
ters maintained with a constant irrigation 
system resulted in minimal thrombus forma- 
tion even when the catheter had been in 
place for up to ten days. 


four days.' The purpose of this study 
was to determine if heparinized arte- 
rial catheters and continuous irriga- 
tion with heparinized saline solution 
would decrease the incidence of 
thrombus formation and embolic epi- 
sodes resulting from prolonged arte- 
rial catheterization. 


Materials and Methods 


Twenty patients (56 women and 15 men, 
17 to 82 years of age) who required inten- 
sive care and mechanical ventilatory sup- 
port were observed. An Allen test? was 
performed to determine ulnar-artery pa- 
tency, and a catheter was inserted percu- 
taneously into the radial artery. Patients 
were randomly assigned to either group 1 
(ten patients), in which a 20-gauge Teflon 
catheter was inserted, or group 2 (ten pa- 
tients), in which a 20-gauge heparin-im- 
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Fig 1.—A 20-gauge intraarterial catheter 
(A) attached by T-connector (B) and three- 
way stopcock (C) to flush system (D). 
(Pressurized bag of irrigation solution (E) is 
not shown.) 
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Fig 2.—Thrombus formation vs time with 20-gauge Teflon and 20-gauge heparinized poly- 
ethylene catheters. Each point represents mean of all observations for particular day. 


pregnated, polyethylene catheter’ was in- 
serted. All catheters were secured in the 
same manner and joined to a T-connector, 
three-way stopcock, and continuous flush 
system (Fig 1). 

The catheters were continuously irri- 
gated with 0.9% saline solution containing 
2 units of heparin sodium per ml, at a rate 
of 3 ml/hr. A total of 122 portable arterio- 
grams were obtained from these 20 pa- 
tients following a three-second hand in- 
jection of 3 ml of meglumine diatrizoate 
and sodium diatrizoate (Renograffin-60) 
through the arterial catheter as soon as 
possible after insertion, and daily, there- 
after, until catheter removal. Prior to in- 
jecting the radiopaque substance, 1 or 2 ml 
of blood were aspirated from the catheter 
to remove any air present in the lines or 
catheter. Thenar eminence and digital 
blood flow were evaluated by blanching at 
the time of injection. Roentgenographic 
evidence of thrombus formation was rated 
on a scale of 0 to 4 as follows: 0, no 
thrombus visible; 1, minimal thrombus vis- 
ible; 2, thrombus prominent, but good flow 
present around the catheter; 3, thrombus 


Fig 3.—Top, Arteriogram following injec- 
tion of radiopaque solution in the ulnar ar- 
tery of a patient with intermittently irrigated 
18-gauge radial-artery catheter. Note com- 
plete occlusion of one digital artery and par- 
tial occlusion of two others (arrows). Bot- 
tom, Patient's hand showing dry gangrene 
of fingertip, but apparently normal digits 
otherwise. 


and catheter nearly occluding the artery; 4, 
thrombus and catheter totally occluding 
the artery. 

Ratings for each group were averaged 
daily. The differences between the means 
were compared for statistical significance 
with the Wilcoxen signed-rank test. An Al- 
len test was performed 15 to 20 minutes 
following removal of the catheter to deter- 
mine patency of the radial artery. When 
results of the test were equivocal, a Dop- 
pler flowmeter was utilized to determine 
presence of radial-artery blood flow. 


Results 


There were no significant differ- 
ences with respect to age, sex, height, 
weight, arterial blood pressure, or du- 
ration of arterial catheterization be- 
tween groups 1 and 2 (P>.1). The 
Teflon catheters remained in place 
166 + 20 hours (mean + SE) and the 
heparinized catheters 122 + 16 hours. 
All catheters remained patent and 
each patient appeared to have good 
thenar eminence and digital blood 
flow throughout the period of study. 
Only one patient had radial-artery oc- 
clusion following removal of a hepa- 
rinized catheter, and one patient 
from each group died prior to cathe- 
ter removal, making an evaluation of 
radial-artery patency impossible. 

During the first 24 hours of cathe- 
terization, there was minimal throm- 
bus formation associated with the use 
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Fiz 4.—Contrast material in area of verte- 
bral artery of an infant after injection of 3 
ml cf radiopaque solttiom into radial-artery. 


Fiz 5.—Roentgenogram after substituting 
contrast material for irrigation sclution in 
flush system illustratng absence of signifi- 
can? proximal flow. 





of ather type of catheter. Thrombus 
formation on the heparinized cathe- 
ters increased with time; however, 
the Teflon catheters caused only min- 
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imal thrombus formation for up to 
ten days following insertion. The dif- 
ferences were significant by 48 hours 
(P<.01) and remained so for five days 
(Fig 2). 

A total of 22 arteriograms obtained 
from 12 patients showed emboli. The 
emboli were observed to be proximal 
to the catheter on five arteriograms, 
distal to the catheter on 13 arterio- 
grams, and both proximal and distal 
on four arteriograms. There was no 
significant difference (P>.l) be- 
tween catheters with respect to inci- 
dence of emboli. 


Comment 


Polyethylene has previously been 
reported to be more thrombogenic 
than Teflon. In this study, with con- 
tinuous irrigation, heparinized poly- 
ethylene catheters were associated 
with significantly more thrombus for- 
mation than Teflon catheters of equal 
size. Although we do not know how 
long heparin remained bound to the 
polyethylene catheters in vivo, it is 
possible that by 24 hours the heparin 
had been leeched from the catheter 
and thrombus formation occurred at a 
rate consistent with that found with 
unheparinized polyethylene. 

Manual flushing apparently re- 
leases thrombi bound to the catheter, 
resulting in the formation of emboli. 
Distal emboli are usually asymptomat- 
ic’; however, severe ischemia and 
necrosis of the digits can result if cir- 
culation is sufficiently compromised 
(Fig 3, top and bottom). Intermittent 
irrigation of radial-artery catheters 


can result in proximal, and even cere- 
bral, embolization'* (Fig 4). With 
continuous, low-flow irrigation, distal 
emboli would be less likely to oceur 
and proximal embolization te the cen- 
tral circulation would not be possible 
(Fig 5). 

In a previous study we concluded 
that when intermittent flushing of an 
indwelling arterial catheter was em- 
ployed, thrombus formation and cath- 
eter dysfunction were related to the 
diameter of the catheter. We found 
that the 20-gauge Teflon catheters 
caused fewer thromboses than 18- 
gauge catheters, but were still associ- 
ated with thrombus formation that 
had nearly occluded the vessel within 
four days. However, in this study, 
using the same type of catheter with 
continuous, rather than intermittent 
irrigation, we found only minimal 
thrombus formation, even when the 
catheter had been in place for ten 
days. 

Based on these findings and those 
from our original study, it is recom- 
mended that continuously irrigated 
small-diameter Teflon catheters be 
inserted when long-term indwelling 
radial-artery catheterization is indi- 
cated. 


This investigation was supported in part by 
Public Health Service research grant 5 TOL 
GM00427-12. 

The continuous flush system used in this study 
was an Intraflo, provided by Sorenson Research 
Corp, Salt Lake City. 

Drs. Thorkild W. Andersen, MD, and Jerome 
H. Modell, MD, advised and assisted in this 
study. 
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Vascular Compression of the Duodenum 


and Peptic Ulcer Disease 


Norman W. Thompson, MD, James C. Stanley, MD, Ann Arbor, Mich 


The exact role of vascular compression of 
the duodenum to peptic ulcer disease re- 
mains unknown, although a review of the lit- 
erature indicates that the association is 
more than coincidental. Three patients who 
had operations for peptic ulcer incurred se- 
vere gastric retention. Detailed studies dis- 
closed compression of the duodenum be- 
neath the superior mesenteric vessels. Relief 
of symptoms followed reoperation in each 
patient. Apparent gastric atony after vagot- 
omy and pyloroplasty may be an occasional 
manifestation of vascular compression of 
the duodenum. 


ascular compression of the duo- 

denum was first described in 
1861 by Rokitansky.' Subsequent re- 
ports have produced a plethora of 
synonyms pertaining to this contro- 
versial entity, among which arterio- 
mesenteric duodenal compression, su- 
perior mesenteric artery syndrome, 
and Wilkie syndrome are most fre- 
quently encountered. 

The unusual association of vascular 
compression of the duodenum with 
peptic ulcer disease, alluded to in ear- 
lier reports,?-° continues to be the sub- 
ject of much speculation. A compre- 
hensive review of the subject over ten 
years ago, revealed 8.4% of 281 pa- 
tients with vascular compression of 
the duodenum to have peptic ulcer 
disease.’ Analysis of 291 cases de- 
scribed in 65 reports since 1960 estab- 
lished a substantially higher inci- 
dence. Peptic ulcer disease occurred in 
31.8% of those patients with chronic 
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duodenal compression (182 patients). 
In this group, duodenal ulcers were 
present in 44 patients,- gastric ul- 
cers in 11 patients, =+- and both 
types of ulcer in two patients.'**° Ul- 
cer disease was not described among 
patients with the acute form of this 
disorder (109 patients), except for 
acute ulcers occurring in eight of 28 
patients described recently with se- 
vere injuries, including extensive 
thermal burns.*!-** 

Recurring problems, peculiar to the 
recognition and management of pa- 
tients with vascular compression of 
the duodenum and peptic ulcer dis- 
ease, emphasized by three patients 
treated recently at the. University of 
Michigan Medical Center, provided 
the impetus for this review. 


Report of Cases 


CASE 1.-A 27-year-old man was ad- 
mitted to another hospital with a history of 
intractable peptic ulcer disease. Immedi- 
ately following vagotomy and Heinecke- 
Mikulicz pyloroplasty, he developed symp- 
toms of high, partial intestinal obstruction. 
Marked weight loss did not precede this 
complicating event. These symptoms con- 
tinued and led to his transfer to our medi- 
cal center two months later. 

Review of the roentgenograms obtained 
before his operation disclosed distal duode- 
nal obstruction (Fig 1, left). Findings from 
a second gastrointestinal examination at 
our center confirmed persistent, extrinsic 
compression of the third portion of the 
duodenum (Fig 1, right). Prompt flow of 
barium sulfate into the jejunum with the 
patient in the knee-chest position was ob- 
served during the fluoroscopic examina- 
tion. Selective arteriography confirmed the 
presence of obstruction where the superior 
mesenteric artery crossed the duodenum 
(Fig 2). 

Despite intensive medical therapy, the 
patient’s symptoms did not abate, and sur- 


gical intervention was elected. Transection 
of the ligament of Treitz, allowing caudal 
mobilization of the distal part of the 
duodenum, was thought to have relieved 
the obstructive process. This was not the 
case, although the inadequacy of this pro- 
cedure went unrecognized until the patient 
experienced recurrence of his symptoms 
during the early postoperative period. 
Four months later, a duodenojejunostomy 
was performed. He has had no further dif- 
ficulties during the four years since this 
later operation. 

CASE 2.-A 43-year-old man was hospi- 
talized for severe, chronic duodenal ulcer 
disease. Gastrointestinal studies, although 
not disclosing duodenal compression, did 
demonstrate an elongated and redundant 
duodenum suggestive of long-standing, in- 
termittent obstruction (Fig 3). 

Following vagotomy and Finney pyloro- 
plasty, persistent gastric retention oc- 
curred during an otherwise uncomplicated 
postoperative course. Roentgenographic 
findings of delayed but eventual gastric 
emptying were attributed to postvagotomy 
atony at that time. 

Symptoms of gastric retention contin- 
ued without satisfactory explanation for 
six months until the third postoperative, 
upper gastrointestinal series demon- 
strated obstruction of the duodenum that 
was relieved in the knee-chest position. 
Conservative therapy was without bene- 
fit. Duodenojejunostomy was performed 
which provided immediate and complete 
alleviation of his symptoms. 

CASE 3.—A 41-year-old man was ad- 
mitted to the hospital for surgical treat- 
ment of peptic ulcer disease not responsive 
to conservative therapy. Compression of 
the duodenum was not evident on roent- 
genograms that had verified the presence 
of duodenal ulcer disease one, six and, ten 
years earlier. 

Severe gastric atony and retention com- 
plicated the patient’s recovery after vagot- 
omy and Finney pyloroplasty. One month 
later, a feeding jejunostomy was fash- 
ioned. Mechanical gastroduodenal obstruc- 
tion was not noted at that time. Sympto- 
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Fg 1.—Left, Roentgenographic appearance of distal duodenal obstruction beneath supe- 
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rier mesenteric vessels in a 27-year-old man with concomitant peptic ulcer disease. Right, 
Persistent duodenal compression following vagotomy and pyloroplasty. 


Fig 2.—Select-ve super or mesenteric arte- 
riography at time of barium sulfate contrast 
study defining site of duodenal compres- 
sior. 





matic gastric retention continued for six 
weeks, and a third operation was under- 
taken. Compression of the duodenum be- 
neath the superior mesenteric artery be- 
came obvious during the course of this 
operation. A dependent, retrocolic gastro- 
jejumostomy wes constracted. No gastroin- 
testinal problems have cccurred in the suc- 
ceeding seven rears. 

Numerous reentgenozrams of this pa- 
tiert’s upper zastroin-estinal tract had 
beea obtained during his hospitalization. 
In retrospect, ene film acquired a month 
after his initial operazion demonstrated 
obstruction of the distal part of the duode- 
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Fig 3.—Redundant and elongated duode- 
num suggestive of chronic, intermittent 
duodenal obstruction in a 43-year-old man. 


num. This area was obscured on all other 
postoperative films by barium contrast me- 
dia that filled his greatly dilated stomach. 


Pathogenesis and Pathophysiology 


Normal Anatomy.—Vascular com- 
pression most often involves the rela- 
tively immobile third portion of the 
duodenum (Fig 4). This portion origi- 
nates at the inferior duodenal flexure 
near the level of the fourth lumbar 
vertebra and passes medially. Usu- 
ally, it joins the fourth or ascending 
portion of the duodenum before cross- 





ing the aorta. The duodenum termi- 
nates at the uppermost level of the 
second lumbar vertebra, usually just 
to the left of the aorta, where the 
duodenojejunal junction is fixed by 
the ligament of Treitz. 

The superior mesenterie artery 
originates from the aorta at a point 
between the intervertebral space 
above the first lumbar vertebra and 
the uppermost level of the second 
lumbar vertebra in 90% of the popu- 
lation.** The mean angle formed by 
this artery and the aorta is 38°, al- 
though marked variations are com- 
mon. Frequently, the superior 
mesenteric artery and occasionally 
the middle colic artery or right colic 
artery produce an obvious indenta- 
tion of the anterior surface of the 
third portion of the duodenum. 
Branches of the inferior pancre- 
aticoduodenal artery supply the 
duodenum in this region. These short 
vessels limit caudal displacement of 
the distal part of the duodenum be- 
neath the superior mesenteric artery 
(Fig 4). They assume particular im- 
portance when treating patients with 
vascular compression of the duode- 
num. 

Duodenal Compression.—Progres- 
sion from an unimportant vascular 
impression in the anterior wall of the 
duodenum to complete obstruction 
may follow a number of events. Ab- 
normally high fixation of the duo- 
denojejunal flexure by the ligament 
of Treitz, or unusually low origin of 
the superior mesenteric artery, is pre- 
disposing to the development of this 
disorder. Similarly, any inerease in 
the acuteness of the angle between 
the aorta and paravertebral struc- 
tures posteriorly with the superior 
mesenteric artery anteriorly (aorto- 
vertebral-mesenteric angle) poten- 
tiates duodenal obstruction. Factors 
contributing to this have been related 
to the supine position, exaggerated 
lumbar lordosis, shortened mesen- 
tery, visceroptosis, loss of mesenteric 
fat, and arteriosclerotic degeneration 
of the proximal part of the superior 
mesenteric artery. Furthermore, the 
space within the aortovertebral-mes- 
enteric angle may be encroached on 
by neoplastic tissue, lymphadenopa- 
thy, indurated mesenteric fat, and ex- 
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panding retroperitoneal hematomas. 

Vagotomy has also been implicated 
in the development of vascular com- 
pression of the duodenum. Certain- 
ly, the impaired duodenal motility fol- 
lowing vagotomy may exacerbate 
preexisting partial obstruction. A 
similar mechanism may account for 
the worsening of symptoms in pa- 
tients with vascular compression of 
the duodenum given anticholinergic 
drugs. 

The occurrence of this disorder in 
patients having postvagotomy gas- 
tric atony is poorly understood. Pro- 
nounced dilation of the stomach un- 
doubtedly causes displacement of the 
small intestine and transverse colon 
inferiorly. The resulting traction on 
the superior mesenteric vessels as 
they cross the duodenum may produce 
obstruction. Whenever persistent 
gastric atony follows vagotomy, sec- 
ondary duodenal obstruction should 
be considered a possible cause. De- 
spite the roentgenographic appear- 
ance suggestive of severe gastric 
atony in two of our patients, prompt 
gastric emptying and normal motility 
occurred immediately following oper- 
ative decompression of the obstructed 
duodenum. 

Other surgical procedures directly 
involving the stomach and duodenum 
may also be important in the develop- 
ment of this syndrome. This compli- 
cation has occurred most commonly 
after operations necessitating exten- 
sive mobilization of the duodenum. 
The second and third portion of the 
duodenum may be pulled or dis- 
tracted superiorly, causing its entrap- 
ment in the aortovertebral-mesen- 
teric angle. Duodenal compression 
has indeed been reported after Bill- 
roth procedures and certain types of 
pyloroplasties, *:!%:16:18:22.27.28,37 It is of 
historical interest that the first pa- 
tient developing vascular compres- 
sion of the duodenum after pyloro- 
plasty was described by Finney in 
1906.** 

Peptic Ulcer Disease.—The hypothe- 
sis that chronic duodenal obstruction 
is predisposing to peptic ulcer disease 
was first advanced more than 60 
years ago.” Hyperchlorhydria has 
been reported by Bockus* in the ma- 
jority of patients with vascular com- 
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Fig 4.—Anatomic structures involved in vascular compression of duodenum. Numerals re- 


fer to duodenum’s four portions. 


pression of the duodenum. Gastric 
analyses in reports since 1960 have 
been inconsistent, 75718-2441-13 and, in 
general, do not support the former 
observation. Elevated gastric acidity 
was not found in our patients prior to 
their ulcer operations. 

Duodenal stasis and dilation may 
occur if obstruction persists. Even- 
tually pyloric sphincter incompetency 
and gastric dilation result. Antral dis- 
tention in these instances is associ- 
ated with increased gastric acid pro- 
duction. Regurgitation of alkaline 
duodenal contents into the antrum 
would potentiate this event. Allevia- 
tion of gastric distention by naso- 
gastric decompression will eliminate 
these stimuli for excessive acid secre- 
tion. This probably accounts for the 
frequently reported, normal, 12-hour, 
overnight gastric analyses. 

The alkaline character of duodenal 
contents with chronic obstruction 


may preclude the usual feedback con- 
trol of gastric acid production. Re- 
lease of secretin following acidifica- 
tion of the duodenum is the best 
understood of these inhibitory mecha- 
nisms. Chronic stasis may also make 
the duodenal mucosa more susceptible 
to ulceration by lessening its normal 
healing processes. The exact basis for 
an increased incidence of peptic ulcer 
disease in the presence of duodenal 
compression remains poorly under- 
stood. 


Diagnosis 


Chronic vascular compression of 
the duodenum must be considered in 
all patients with symptoms of inter- 
mittent, high intestinal obstruction. 
This is particularly important in the 
presence of coexisting peptic ulcer 
disease. Furthermore, this disorder 
should be suspected in any patient 
with unexplained gastric retention 
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Fig 5.—Left, Normal eortomesenteric angle (a) and aortomesenteric distance (b) in a pa- 


tient with documented vascular compression of duodenum. Right, Common hepatic artery 
(eh) originating from superior mesenteric artery (sma). A possible predisposing factor in 


vascular compression cf duodenum. 


following uleer operations. 

Postprand.al or positional dis- 
comfort, bilious emeses, and weight 
loss have been notec in mest patients. 
Evidence of zastric distention may be 
present on physical examination. The 
classic asthenic habitus of patients 
with vascular cempressior of the 
duodenum kas not deen a prominent 
feature of those having concomitant 
ulcer disease. Amcng the cases re- 
perted since 1960, having both chronic 
duodenal compression and ulcer dis- 
ease, men predominated (39 men, 18 
women). Centrary to this was the 
prevalence ef women among patients 
with the chronic form of compression 
not associated witk peptic ulcers (53 
men, 72 women). Ceexisting ulcer dis- 
ease occurred in older patients. The 
mean ages of female patients with 
and without ulcer disease were 41 and 
32 years, respectively. The mean ages 
of male pat.ents with and without ul- 
cer disease were 3” and 32 years, re- 
spectively. 

Radiologic Evaluation.—2oentgen- 
ographic findings often lead to a 
diagnosis of vaseu_ar compression of 
the duodenum. Most impertant are (1) 
dilatation of the proximal part of the 
duodenum; (2) antiperistalsis of 
duodenal contrast material with to- 
and-fro movements producing the ap- 
pearance o a “writhing duodenum”; 
(3) delay ir transit of contrast mate- 
rial through the gastroduodenal re- 
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gion at least four to six hours in most 
cases of severe obstruction; (4) abrupt 
and oblique obstruction of contrast 
material in the distal duodenum, usu- 
ally to the right of the midline; (5) re- 
lief of obstruction when the patient is 
placed in the left lateral decubitus, 
prone, or knee-chest position. Sup- 
porting the mesentery and intestines 
with manual pressure to the lower 
part of the abdomen at the time of 
fluroscopic study may relieve the ob- 
struction in some patients; (6) duode- 
nal elongation or redundancy in cases 
of chronic, intermittent obstruction. 

Instances where the importance of 
these findings were not appreciated 
initially are commonplace. A normal 
upper gastrointestinal tract has often 
been observed during asymptomatic 
periods and does not preclude the 
presence of this disorder. Upper gas- 
trointestinal study during actual epi- 
sodes of obstruction may be required 
to establish a diagnosis. 

Selective, superior mesenteric an- 
teriography has been reported as a 
possible means of verifying vascular 
compression of the duodenum. *”**: 45: 
Hypotonic duodenography combined 
with arteriography has also been ad- 
vocated.** Normal aortomesenteric 
angles and distances calculated from 
arteriograms do not exclude the pres- 
ence of this disorder. The proximal 
part of the superior mesenteric ar- 
tery, in its arc-like course, rarely 


-PET > he ade don = 
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forms a definable angle with the 
aorta, and the space between these 
two vessels infrequently represents 
the actual site of compression. The 
posterior elements of duodenal en- 
trapment usually are the vertebral 
bodies and paravertebral muscles, not 
the aorta. Furthermore, othere struc- 
tures encroaching on this space, not 
demonstrable by arteriography, may 
cause duodenal compression against 
the anterior-lying mesenteric vessels. 
One of our patients had an ill-de- 
fined, but normal, aortomesenteric 
angle as well as a normal aortomes- 
enteric distance (Fig 5, left). Perhaps 
of more importance in this patient 
was acommon hepatic artery originat- 
ing from the superior mesenteric ar- 
tery (Fig 5, right). This relatively un- 
common situation may be pre- 
disposing to duodenal entrapment by 
preventing ventral displacement of 
the superior mesenteric artery from 
the aorta, and has been reported in 
another similar case.** 

Operative Evaluation.— Vascular 
compression of the duodenum may 
not be suspected until operative ex- 
ploration. Duodenal dilatation proxi- 
mal to the superior mesenteric ves- 
sels, relieved by elevation of the 
mesenteric root, lends credence to the 
mechanical nature of this form of in- 
testinal obstruction. One cannot as- 
certain the presence or absence of 
this entity merely by palpation 
within or alongside the duodenum as 
it passes through the aortovertebral- 
mesenteric space. 

Gastroduodenal insufflation with 
150 to 300 ml of air through a naso- 
gastric tube facilitates intraoperative 
diagnoses. An increase in the duode- 
nal diameter of more than 3 or 4 cm is 
indicative of critical distal obstruc- 
tion. The inadequacy of ligament of 
Treitz transection in our first patient, 
the importance of the redundant duo- 
denum in our second patient, and the 
mechanical basis of obstruction in our 
third patient all might have been dis- 
covered earlier had this intraopera- 
tive test been utilized. Unfortunately, 
this simple procedure has been re- 
ported infrequently?" since it 
was first suggested over 50 years 
ago, and its usefulness confirmed 
slightly more than a decade ago.” 
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Treatment 


Vascular compression of the duode- 
num can often be managed conser- 
vatively. This is particularly true 
when obstruction is acute and related 
to weight loss or immobilization. 
With concomitant peptic ulcer dis- 
ease, however, nonoperative mea- 
sures have been of little value. In 
these cases, the severity of the duode- 
nal compression or complications of 
. the ulcer disease have usually necessi- 
tated surgical intervention. Nearly 
85% of patients with coexistence of 
these two disorders, described since 
1960, required operation. 

Duodenojejunostomy combined with 
vagotomy and pyloroplasty has been 
the surgical procedure utilized most 
frequently (Fig 6, top left). With ac- 
tive ulcer disease, or if an antecedent 
history of ulcer complications exists, 
this operative approach is recom- 
mended. Theoretically, if peptic ulcer 
disease results from duodenal ob- 
struction, then duodenojejunostomy 
alone might be adequate therapy. 

Duodenal obstruction may be re- 
lieved following transection of the 
ligament of Treitz with caudal mobi- 
lization of the distal part of the 
duodenum in selected patients.“ Fail- 
ures after this attractively simple 
procedure have been reported re- 
cently, and should lessen the earlier 
enthusiasm for its use.®!°%?%3%48 Poor 
results following transection of the 
ligament of Treitz are not surprising, 
considering the anatomical variables 
encountered in this syndrome. Most 
important are the short branches of 
the inferior pancreaticoduodenal ar- 
tery (Fig 4) that prevent sufficient 
mobilization of the duodenum by lim- 
iting its caudal displacement (Fig 6, 
top right). 

Gastroenterostomy was one of the 
first operations used in treating these 
patients. It is no longer preferred. In 
the presence of severe obstruction, 
duodenal contents may still be regur- 
gitated into the gastric antrum (Fig 
6, middle). If the primary factor caus- 
ing vascular compression of the 
duodenum appears to be a chronically 
distended stomach, a gastrojejunos- 
tomy may be fashioned with greater 
justification. Without concomitant 
vagotomy, patients treated in this 
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Fig 6.—Surgical management, including potentially inadequate oper- 
ative procedures, (top and middle). Sequelae of duodenojejunostomy 
in patients developing vascular compression of duodenum follow- 
ing gastric resection (bottom, left) gastrojejunostomy (bottom, right). 
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manner are most susceptible to mar- 
ginal alcers. 

Primary ulcer operations may in- 
erease the obstruct-ve process in pa- 
tients where duodenal decompression 
has net been provided. After Billroth 
II procedures, this hazardous situ- 
ation could conceivably potentiate 
leakage from a dtodenal stump or 
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contribute to obstruction of the af- 
ferent loop, causing further complica- 
tions. Duodenojejunostomy following 
such a Billroth II procedure has the 
serious drawback of diverting alka- 
line secretions away from the gastro- 
jejunostomy, thus increasing the like- 
lihood of marginal ulcer development 
(Fig 6, bottom left). Similar problems 


References 


berger AR Jr et al: Vascular compression 
of the duodenum: Emphasis on accurate 
diagnosis. Am J Surg 115:89-96, 1968. 

19. McCutchen GT: Superior mesenteric 
artery syndrome. JSC Med Assoc 60:179- 


184, 1964. 

20. Shohl T: Peptic ulcer and the supe- 
rior mesenteric artery syndrome. Alaska 
Med 5:34-36, 1963. 

21. Simon M, Lerner MD: Duodenal 
compression by the mesenteric root in 
acute pancreatitis and inflammatory con- 
ae of the bowel. Radiology 79:75-80, 

22. Sorensen BM: Megaduodenum. Acta 
Chir Scand 130:132-142, 1965. 

23. Stephens GL: The superior mesen- 
teric artery syndrome. J Ky Med Assoc 
60:141-145, 1962. 

24, Williams LF, Bowers WF: Arterio- 
mesenteric duodenal obstruction associ- 
ated with severe popie ulcer disease. Ann 
Surg 1538:250-255, 1961. 

25. Zeller WE: In discussion of Jones SA 
et al: Arteriomesenteric duodenal compres- 
sion. Am J Surg 100:262-277, 1960. 

26. Kelly TR, Sweeney JT: Vascular 
compression of the duodenum: Report of 
four cases. Am Surg 32:338-392, 1966. 

27. McKinnon DA, Spencer JR: Superior 
mesenteric artery syndrome. Am J Surg 
106:552-557, 1963. 

28. Pallette EM, Harrington RW, Pal- 
lette EC: Arteriomesenteric duodenal ob- 
struction. Am Surg 34:145-150, 1968. 

29. Thieme ET, Postmus R: Superior mes- 
enteric artery syndrome. Ann Surg 
154:139-143, 1961. 

30. Marn erger AR Jr, et al: Vascular 
compression of the duodenum: Emphasis 
on accurate diagnosis. Am J Surg 115:89- 
96, 1968. 

31. Ogbuokiri CG, Law EJ, MacMillan 
BG: Superior mesenteric artery syndrome 
E talc children. Am J Surg 124:75-79, 


32. Reckler JM, et al: Superior mesen- 
teric artery syndrome as a consequence of 
burn injury. J Trawma 12:979-985, 1972. 

33. Wayne E, Miller RE, Eiseman B: 
Duodenal obstruction by the superior mes- 
enteric artery in bedridden combat casual- 
ties. Ann Surg 174:339-345, 1971. 


Editorial Comment 


the diagnosis has led to unwarranted con- 
clusions in some instances. This article out- 
lines well-established evidence to substan- 
tiate a valid diagnosis in three cases. Their 
upper gastrointestinal barium sulfate 


Peptic Ulcer Disease/Thompson & Stanley 


occur if the jejunal segment at the 
site of a gastrojejunostomy is more 
proximal than the jejunum at the site 
of the duodenojejunostomy (Fig 6, 
bottom right). It is imperative that 
these factors be considered when 
treating patients who develop vascu- 
lar compression of the duodenum sub- 
sequent to ulcer operations. 


34, Cauldwell EW, Anson BJ: The vis- 
ceral branches of the abdominal aorta: 
Topographical relationships. Am J Anat 
73:27-57, 1943. 

35. Derrick JR, Fadhli HA: Surgical 
anatomy of the supérior mesenteric artery. 
Am Surg 31:545-547, 1965. F 

36. Goin LS, Wilk SP: Intermittent arte- 
riomesenteric occlusion of the duodenum. 
Radiology 67:729-737, 1956. 


37. Reese JL, Holt JH: Duodenal ob- — ; 


struction. Superior mesenteric artery syn- 
drome: A simplified surgical approach. J 
Kans Med Soc 67:416-420, 1966. 

38. Finney JMT: Gastro-mesenteric 
ileus. Boston Med Surg J 155:107-118, 1906. 

39. Codman EA: Chronic obstruction of 
the duodenum at the root of the mesen- 
tery. Boston Med Surg J 158:503-510, 1908. 

40. Bockus JL: Gaspronit MaR ed 2. 
Philadelphia, WB Saunders Co, 1964, vol 2, 


p 103. 

41, Kaiser GC, McKain JM, Shumacker 
HB: The superior mesenteric arany 
drome. Surg Gynecol Obstet 110:133-140 


1960. 

42. Colakoglu S, et al: Hypotonic duo- 
denography in the diagnosis of superior 
mesenteric artery syndrome. Am J Gastro- 
enterol 56:453-456, 1971. 

43. Thomas TV: Arteriomesenteric com- 
ression of the duodenum. Int Surg 56:304- 
08, 1971. 

44. Hearn JB: Duodenal ileus with spe- 
cial reference to superior mesenteric ar- 
taty compression. Radiology 86:305-310, 


45. Lenz H, Dux A: Die diagnostik der 
arteriomesenterialen duoden-kompression 
mittels hypotomer duodenographie, mes- 
enteriographie und ap cheer anger 
raphie. Schweiz Med Wochenschr 100:1 
112, 1970. 

46. Wilkie DPD: Chronic duodenal ileus. 
Br J Surg 9:204-214, 1921. 

47. Strong EK: Mechanics of arterio- 
mesenteric duodenal obstruction and di- 
rect surgical attack upon etiology. Ann 
Surg 148:725-730, 1958. 

48. Altman DH, Puranik SR: Superior 
mesenteric artery syndrome in children. 
Am J Roentgenol Radium Ther Nucl Med 
118:104-108, 1973. 


studies coupled with angiography are a re- 

freshing presentation of true objectivity. 
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On the Corrosive Properties 


of Bile and Pancreatic Juice 


on Living Tissue in Dogs 


Gunnar Wickbom, MD; Frederic L. Bushkin, MD; 
Carlos Linares, MD; Lester R. Dragstedt, PhD, MD, Gainesville, Fla 


Regurgitation of bile, pancreatic juice, 
or duodenal secretions into the stomach or 
esophagus occurs under certain conditions 
and has been incriminated as the cause of 
gastritis and alkaline esophagitis. In an ex- 
perimental study in dogs, bile was diverted 
into the stomach and into the ileum for 
four months without producing substantial 
mucosal changes. In similar experiments, 
pancreatic juice was diverted into the stom- 
ach and colon for 1 to 12 months, again 
without producing mucosal damage. The 
parenchyma of the spleen and kidney was 
exposed to concentrated gallbladder bile for 
long periods without causing substantial 
changes. These findings suggest that indi- 
vidual duodenal secretions produce little or 
no damage on contact with the gastrointesti- 
nal mucosa of the dog or on the parenchyma 
of the spleen or kidney. 
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Pe has long been incriminated 
as a harmful fluid outside of its 
normal locations. Bile salts have been 
regarded as the most toxic or corro- 
sive agents in bile and the other con- 
stituents innocuous or even protec- 
tive. Claude Bernard’ produced fatal 
pancreatic necrosis in dogs by inject- 
ing bile and olive oil into the pan- 
creatic duct. Opie? was the first to 
propose the “common channel” theory 
that ascribes acute pancreatic necro- 
sis to the passage of bile into the pan- 
creatic duct when the ampulla of Va- 
ter is obstructed by stones. An 


extensive review of the early experi- 


ments on the destructive effect of bile 
on living tissues was made by Drag- 
stedt et al in 1934. 

In recent years, renewed interest 
has been focused on the possible de- 
structive effect of bile regurgitating 
into the stomach and esophagus in 
certain conditions. Both cell-destruc- 
tive properties and membrane-alter- 
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ing effects that enhance back diffu- 
sion of hydrogen ions into the mucosa 
have been described. Gastric ulcer, 
postoperative alkaline reflux gas- 
tritis, and alkaline or bile esophagitis 
are examples of lesions believed to be 
caused by duodenal regurgitation. 

Many of the early studies on the 
corrosive properties of bile and pan- 
creatic juice on living tissue have pro- 
duced conflicting results. Consid- 
erable species differences have been 
demonstrated, as well as a varying 
degree of sensitivity within the same 
species. We have, therefore, studied 
the effects of bile and active pan- 
creatic juice on various living tissues 
in the dog. 


Review of the Literature 


The effect of the duodenal content, 
or bile, or pancreatic juice alone on 
gastric mucosa has been studied by 
several investigators using histologi- 
cal methods. Some or all of the fol- 
lowing findings have been reported: 
inflammation, ulceration, fibrosis, 
alterations in mucosal thickness 
(foveolar or gland layers or both), 
polyp formation, changes in parietal 
or chief cell mass, lymphoid hyper- 
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dlasia, mitotic activity, and, in one 
study clear or S-cell counts by elec- 
zron microseopy- 

Byers and Jordan‘ implanted full- 
zhickress grafts of the greater curva- 
sure cf the stomach into the gallblad- 
Jer in dogs. Biopsy specimens were 
obtained 1 to 12 months later. No sub- 
stantial histological changes were 
“ound in the graft mucosa. This study 
jJemonstrated that acid-producing 
zastrc mucosa can tolerate prolonged 
=xposure to large amounts of concen- 
trated bile. 

By using cholecystogastrostomy, 
Belowski’ performed a similar experi- 
ment. although in his case gastric mu- 
cesa was exposed to more acid and 
less bile than in the experiment of 
Byers and Jordan. Both fundic and 
antral mucosa were studied. Except 
for seme nenspecific changes around 
the anastomotic site, the gastric mu- 
cosa was normal. By anastomosing 
the pancreatic duct into the stomach, 
the efect of pancreatic juice on gas- 
tric mucosa was examined. No sub- 
stant.al abnormalizies in the gastric 
mucosa were founc. Finally, bile and 
pancreatic juice were both drained 
into the stomach. The part of the 
duodenum receiving the bile and pan- 
creat c ducts was isolated on its mes- 
enteric pedicle, opened along the an- 
timesenteric border, and then sutured 
into a defect in the stomach wall. In 
dogs with a short survival time, 
some minor perianastomotic mucosal 
changes were present. In long-surviv- 
ing dogs, hewever, the gastric mucosa 
was found to be normal. These studies 
show that the gastric mucosa of the 
dog can tolerate prolongec exposure 
to duodenal seeretions without sub- 
stantial damage when the stomach is 
otherwise intact. 

Sander et al® drained the duodenal 
content over the gastric mucosa in 
rats vy anastomosing the distal part 
af the duodenum tə the stomach. The 
animals were killed after 30 or 90 
days. In all the animals killed at 30 
days. there was a decrease in the 
parietal cell mass. This was ascribed 
to operative trauma, since all of the 
animals killed after 90 days displayed 
a normal gastric mucosa. Cellular en- 
zymetic function of the gastric mu- 
cosa was also exemined. Studies of 
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Fig 1.—Cholecystogastrostomy: common 
duct divided and ligated close to its en- 
trance into duodenum. 


Fig 2.—Canine fundic mucosa two 
months after cholecystogastrostomy. Mu- 
cosa is unchanged and parietal cell popu- 
lation is normal (hematoxylin-eosin, original 
magnification x 125). 





the Krebs cycle, the pentose pathway, 
and glycolysis showed that dehy- 
drogenase activity in the different 
gastric mucosal cells was unaltered. 
Kirk,’ also working with rats, re- 
ported that implantation of the lower 
or the upper part of the common bile 
duct into the stomach produced ulcers 
and erosions in the mucosa adjacent 
to or opposite the anastomosis. The 
combination of bile and pancreatic 
juice appeared somewhat more harm- 
ful than bile alone. 


Lawson* performed cholecystogas- 
trostomy after common duct ligation 
in dogs. The animals were killed at 
varying time intervals and biopsy 
specimens obtained. Superficial gas- 
tritis and epithelial proliferation with 
pronounced mitotic activity were 
found. These changes occurred only in 
the antrum, although the anastomosis 
had been made with the fundus of the 
stomach. In order to drain pancreatic 
juice into the stomach, the following 
procedure was used: The pylorus was 
transected and the duodenum closed. 
Bile was diverted by a cholecystojeju- 
nostomy and the common duct was li- 
gated. The jejunum was divided prox- 
imal to the duodenojejunal flexure, 
and the proximal part of the duodenal 
loop, now carrying only pancreatic 
juice, was implanted into the fundus. 
The distal end of the cut jejunum was 
joined to the antrum to reestablish 
continuity. The changes observed af- 
ter this procedure were mild, occur- 
ring chiefly around the anastomosis. 


The combined effect of bile and 


pancreatic juice on gastric mucosa 
was studied by gastric resection fol- 
lowed by either gastroduodenostomy 
or gastrojejunostomy, the latter pro- 
cedure producing the most pro- 
nounced changes. Intense atrophic 
gastritis at the antral-fundie junc- 
tion, epithelial proliferation in the 
fundus, and increase in mitosis have 
been reported. 

Menguy and Max’ exposed the iso- 
lated antrum mucosa in dogs to bile 
by the following method: The stom- 
ach was transected along the antral- 
fundic border. After the common bile 
duct was ligated, the gallbladder was 
anastomosed to the gastric antrum. 
Gastrointestinal continuity was re- 
stored by gastroduodenostomy end- 
to-side. Increased numbers of muco- 
sal folds and occasional polyp for- 
mation were found in the retained 
antrum. Both the foveolar and 
glandular layers were increased in 
thickness. Clear or S-cell populations 
were increased in the crypts (as de- 
termined by electron microscopy). 
Mitotic index was also ineeased. Fol- 
licular lymphoid hyperplasia and 
chronic inflammatory response in the 
foveolar layer of the antral mucosa 
was seen. There was no correlation 
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Fig 3.—Cholecystoileostomy: common 
duct divided and ligated. 


Fig 4.—Upper pole of kidney inserted into 
defect in gallbladder. 





between the length of time of expo- 
sure to bile and the severity of the 
changes. 

Delaney et al studied the effects 
of duodenal contents, bile alone, and 
pancreatic juice alone on gastric mu- 
cosa in dogs. Full-thickness, fundic- 
gastric tubes were constructed and 
placed in the jejunum, the duodenum 
with pancreatic drainage only, and 
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Fig 5.—Normal renal parenchyma after 
anastomosis to gallbladder at 58 days. Note 
gallbladder epithelium and muscularis mu- 
cosa now cover entire defect (hematoxylin- 
eosin, Original magnification x 10). 


between the gallbladder and divided 
duodenum with the common bile duct 
ligated. All histologic sections were 
evaluated for changes in parietal cell 
number, mononuclear cell infiltrate, 
number of lymphoid follicles, and 
glandular organization. Prolonged 
exposure of isolated gastric mucosa to 
jejunal contents led to a decrease in 
parietal cell mass, hyperplasia of 
mucous cells, cystic changes in glands, 
a round-cell infiltration of the lamina 
propria, and an increase in the num- 
ber of lymphoid follicles. Topical ex- 
posure to pancreatic juice produced 
only some glandular disorganization 
and cyst formation. There was a mod- 
est, but not substantial, decrease in 
parietal cell mass. Bile exposure alone 
caused the same changes as did pan- 
creatic juice alone, but, in addition, 
produced mucosal hyperplasia simulat- 
ing intestinal villi. In this study, bile 
alone did not cause changes in the 
parietal cell mass or cause an in- 
flammatory response in the gastric- 
fundic tube. It was concluded that ex- 
posure to bile or pancreatic juice 
alone exert little damage to the gas- 
tric mucosa. 

In an attempt to simulate the clini- 
cal situation most often associated 
with alkaline reflux gastritis, Law- 
son'' performed gastrectomies in 
dogs, and was again able to produce 
the mucosal changes described ear- 
lier. Diversion of the duodenal secre- 
tions by a Roux-en-Y loop, at least 60 
cm (23.6 in) below the stoma, was fol- 
lowed by a return to normal of the 
gastric mucosa. 

In a previous study, we found that 
the legs of living frogs are digested 
in less than one hour when exposed to 
gastric juice, in vivo or in vitro. How- 
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Fig 6.—Spleen implanted into defect in 
gallbladder. 


Fig 7.—Normal splenic parenchyma after 
anastomosis to gallbladder at 52 days. Gall- 
bladder epithelium partially covers defect 
(hematoxylin-eosin, original magnification 
x10). 





ever, when the legs of living frogs 
were exposed to bile, or active pan- 
creatic juice, or a combination of the 
two, no digestion was seen. This fail- 
ure of activated pancreatic juice to 
digest the legs of living frogs is start- 
ling, in view of the extensive corro- 
sion of the abdominal wall in dogs, 
where a pancreatic fistula is estab- 
lished by suturing a button of duode- 
nal mucosa containing the lower pan- 
creatic duct into the abdominal wall. 
The digestion of the abdominal wall 
of the dog with this type of pan- 
creatic fistula, made by the method of 
Pavlov, is very difficult to prevent. 


Experimental Procedures 
and Results 


Cholecystogastrostomy.—Bile was drained 
continually through the stomach of six 
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degs for periods ranging from 42 to 103 
days. The common bile duct was tied and 
dividee close to its entrance into the 
duodemum. A wide anastomosis was made 
between the fundus of the gallbladder and 
the ssemach, just proximal to the antral- 
fundie border and close to the lesser curva- 
ture Fig 1). At the end of the study, the 
degs anderwent reexpboration. The anasto- 
meses were all patent. Biopsy specimens 
were taken from the fundus, stomal area, 
and acjoining antrum. The changes ob- 
served through a microscope were limited 
to the anastomotic site. There was a min- 
imal decrease in the number of parietal 
eels. A chronic inflammatory cell reaction 
was present, the gastric glands showed 
minimal cystic changes, no polyp forma- 
tion »esulted, and some glands were re- 
generating with mitotic activity present. 
These changes were seen in two dogs. 
One dcg had only minimal inflammatory 
changes and three others showed normal 
findings (Fig 2). The tissues from the two 
dogs described above were taken at two 
ments. Tissue taken at two months from 
the other dogs was enzirely normal. 

Chelecystoileostomy.—In this experi- 
ment, bile was drained over the mucosa of 
the isolated distal part of the ileum. The 
ileam was transected 15 cm (5.9 in) from 
the ileececal junction. After the common 
bile duct had been tied and divided, the 
distal-end of the divided ileum was anasto- 
mosec to the gallblacder. The proximal 
end o° zhe ileum was anastomosed end-to- 
end with the cecum (Fig 3). Five dogs that 
underwent this procedure were killed 60 to 
E0 days later. Three operative and post- 
merter biopsy speeimens of the ileum 
were ootained. The intestinal villi were 
normal in size and configuration, and no 
inflammatory cellular reaction was pres- 
ent. 

Imptantation of the Kidney Inte the Gall- 
biadder.—In six dogs, the upper pole of the 
kidmer was decapsulated and sewn into a 


defect in the gallbladder (Fig 4). The ani- — 


mals were killed after 58 days. The renal 
parenchyma appeared entirely normal and 
there was no necrosis on gross or micro- 
seapical examination. The gallbladder 
showed epithelial regereration at the sites 
of thezmastomotic sear, and, in several in- 
stances it had completely covered the de- 
feet (Tig 5). 

impiantation of the Spleen Into the Gall- 
biadder.—In five dogs, zhe spleen was im- 
planted into the gallbladder after previous 
remova of a portion of the splenic capsule 
(Fig @. These animals also showed no ad- 
verse etects of the operation and were 
killed 58 days later. The spleen appeared 
entirey normal. The zallbladder epithe- 
liam showed regeneration from the sides 
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Fig 8.—Duodenal “button” receiving ma- 
jor pancreatic duct inserted into posterior 
part of stomach wall. 


Fig 9.—Duodenal “button” receiving ma- 
jor pancreatic duct anastomosed to colon. 
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of the anastomosis in several dogs, com- 
pletely covering the exposed splenic tissue 
(Fig 7). 

Pancreaticogastrostomy.—In five dogs, 
the pancreatic juice was drained into the 
stomach. The duodenum was divided first 
between the bile and pancreatic ducts and 
again 1 cm (0.39 in) below the entrance of 
the pancreatic duct. Duodenal continuity 
was restored by end-to-end anastomosis. A 
2x3-em (0.78x 1.2 in) long isolated cuff of 
duodenum that received the major pan- 
creatic duct was opened along the anti- 


mesenteric border and trimmed into an 
oval-shaped button. This was stitched into 
a corresponding defect made in the poste- 
rior stomach wall, from 2 to 3 em above the 
antral-fundic border (Fig 8). The dogs 
showed no adverse effects from this exper- 
iment and were killed 35 to 62 days later. 
In three of the dogs, the gastric mucosa 
was entirely normal. In two animals, there 
were perianastomotic changes only. These 
changes consisted of a decrease in the 
number of parietal cells, a chronic in- 
flammatory cell response, and minimal fi- 
brosis of the lamina propria. Some glands 
were slightly dilated and others were re- 
generating with moderate mitotic activity. 

Pancreaticocolostomy.—In four dogs, the 
duodenal button, as described above, con- 
taining the major pancreatic duct was 
anastomosed to the mid portion of the co- 
lon. The animals were killed at varying 
time intervals from one month to one year 
after the operation (Fig 9). There were no 
histological alterations in the glands of the 
colon and no inflammatory reaetion in the 
mucosa. 


Comment 


In the majority of experiments re- 
viewed in the literature, few or no ill 
effects were produced by prolonged 
contact of duodenal content with the 
gastric mucosa. Our results are in 
harmony with these older findings; 


_ we were unable to produce any signif- 


icant changes. The findings of Men- 
guy and Max,’ demonstrating rather 
severe effects of bile drained into the 
excluded antrum, may be accounted 
for by their experimental procedure. 
Their control group had isolated an- 
trum pouches drained externally by 
plastic cannulas, so that food and acid 
could not flow back into them and 
produce stasis, as was possible in the 
experimental group. Lawson‘ did not 
report very marked changes in the 
stomach by cholecystogastrostomy 
alone. The most pronounced changes 
were seen after gastrectomy. Evi- 
dence that gastrectomy itself leads to 
atrophy of the gastric mucosa has 
been accumulating recently. The at- 
rophy is probably due to reduced gas- 
trin levels after removal of the an- 
trum. Gastrin has been shown to have 
several trophic effects on the gastric 
mucosa: It increases the incorporation 
of protein into the mucosa‘ and it 
“tightens” the mucosa against back 
diffusion of hydrogen ions." Gastrin 
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also seems to stimulate the growth of 
the parietal cell mass. Humans with 
hypergastrinemia, such as in the Zoll- 
inger-Ellison syndrome, have in- 
creased parietal cell counts. Dogs 
injected with pentagastrin respond 
rapidly with increased parietal cell 
mass.'* Martin et al reported a sub- 
stantial gastric atrophy in rats after 
antrectomy. They suggested that loss 
of gastrin was responsible for the 
mucosal atrophy, rather than duode- 
nal reflux. In man, postoperative 
alkaline reflux gastritis is most com- 
monly seen after a Billroth II gas- 
trectomy.'’ Stern and Walsh’: have 
recently reported that serum gastrin, 
occurring when patients are both 
fasting and postprandial, is markedly 
reduced in patients who had Billroth 
II gastric resections. Gastric mucosa 
rendered atrophic and inflamed by 
exteriorization has been shown by 
Ritchie and Delaney to be more 
prone to ulceration when reimplanted 
into the stomach. It may well be that 
after antrectomy the fundic mucosa 
becomes atrophic and is more suscep- 
tible to bile injury than normally. 
Our findings that neither bile nor 
pancreatic juice drained over the mu- 
cosa of the ileum or colon produced 
any mucosal damage support the idea 
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50 Years Ago 


in the Archives of Surgery 


* Dragstedt LR, Vaughn AM: Arch Surg 8:791-810, 1924. 


that these fluids are relatively nonin- 
jurious to gastrointestinal mucosa. 
This conclusion is also supported by 
the finding that neither the kidney 
nor the spleen implanted into the 
gallbladder sustained very much 
damage by prolonged contact with 
the concentrated bile. 


This investigation was supported in part by 
Public Health Service research grants AMO4178 
and AM2372. 
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Gastric Ulcer Studies* 


“The Resistance of Various Tissues to Gastric Digestion.—The question ‘Why does not 
the stomach digest itself?’ is of recurring interest to both the biologist and the physi- 
cian. It is probable that the explanation for the resistance offered by the normal gastric 
mucosa to the digestant action of pepsin-hydrochloric acid will be of great significance 
in determining the etiology of gastric and duodenal ulcers. From the time of Virchow it 
has been the common belief that these lesions are determined by a loss of resistance on 
the part of the mucosa to gastric digestion; hence the term peptic ulcer.” 
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“The experimental evidence seems fairly conclusive that in dogs an experimental ul- 
cer in the stomach may increase the secretion of gastric juice brought about during the 
digestion of a meal. When the acidity of the juice was abnormally low to begin with, the 
production of the lesion may raise the acid concentration. A true hyperacidity in the 
sense of a gastric secretion with a higher concentration of hydrochloric acid than is 
found in normal pure gastric juice was never observed.” 
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Early Posttransplant 


Renal Nonfunction 


Thomas C. Moore, MD; Thomas S. English; Thomas V. Berne, MD, Torrance, Calif 


Out of 246 machine-preserved human ca- 
daveric kidneys, 83 (34%) had an early post- 
transplant nonfunction. Early posttransplant 
function was classified as F (immediate and 
continuing good function), F°" (immediate 
good function followed by accelerated rejec- 
tion), SF (slow initial function), and NF (non- 
function). 

Early function class NF was related largely 
to the duration of hemodialysis prior to 
transplantation and to the presence and de- 
gree of recipient presensitization, as deter- 
mined by antibody-against-panmel (AbAP) as- 
says. Early function class NF kidneys also 
were more frequent in second than in first 
transplants. The numbers and specificities 
of HL-A antigens mismatched and machine 
perfusion characteristics (flow and pressure) 
were essentially the same for NF and F kid- 
neys. 


lhe development of a safe and 
efficient means of machine pres- 
ervation of human kidneys for trans- 
plantation by Beker et al? has 
proved to be a significant break- 
through in the practical technology of 
clinical renal transplantation. The 
Greater Los Angeles Mobile Kidney 
Preservation Unit was established in 
March 1971 as a multiinstitutional- 
use, organ preservation service for re- 
nal transplantatien. The unit serves 
ten transplant centers affiliated with 
four medical schools (University of 
California at Los Angeles, University 
ef Southern California, and Univer- 
sity of California at Irvine and Loma 
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Linda) in the greater Los Angeles 
metropolitan area, with a population 
of 10.2 million. 

In the initial 24 months of oper- 
ation, the unit machine preserved 302 
cadaveric human kidneys for trans- 
plantation. Two hundred fifty-four of 
these kidneys (84%) were trans- 
planted, 246 in the greater Los An- 
geles area and eight at out-of-town 
transplant centers. 

Information concerning early post- 
transplant function relating to recipi- 
ent urinary output, blood urea nitro- 
gen and serum creatinine levels, and 
times of early posttransplant dialysis, 
when carried out, was collected and 
used to classify the level of functional 
suitability of the transplant in the 
initial ten to 14 days after transplant. 
Four general types of early trans- 
plant function were observed. These 
were classified as F (immediate good 
function with continuing good func- 
tion in the initial ten to 14 days post- 
transplant), F^® (immediate function 
with accelerated rejection in the two 
to eight days posttransplant period), 
SF (slow initial establishment of ade- 
quate function with improvement, 
generally with diuresis, by the sev- 
enth posttransplant day), and NF (es- 
sentially no function in the initial ten 
to 14 days posttransplant). 

The purpose of this study is to re- 
view factors that might have influ- 
enced the early nonfunction (NF) of 
83 machine-preserved cadaveric hu- 
man kidneys from the group of 246. 
Tissue typing, antibody against-the- 
panel (AbAP), and direct cross- 
match, cytotoxicity studies were per- 
formed in the laboratory of Paul I. 
Terasaki, PhD, by the standard two- 
stage method with 1% hours of incu- 


bation. Antibody against-the-panel 
studies utilized approximately 100 do- 
nors of cells. 


Results 


At the USC-County transplant cen- 
ter, the incidence of class NF kidneys 
in 21 first-transplant recipients re- 
ceiving hemodialysis for one to six 
months was zero. In the over 12 
months hemodialysis group, the inci- 
dence of class NF kidneys in 22 trans- 
plants had risen to 32%. Seven of nine 
early function class NF first-trans- 
plant kidneys (78%) had been trans- 
planted into recipients who had had 


hemodialysis for 13 months or more. 


(Fig 1). In contrast to this finding, 
80% of the early function class F 
first-transplant kidneys had been 
transplanted into recipients who had 
had hemodialysis for 12 months or 
less. Increased AbAP percents (10% 
or more) were encountered more fre- 
quently prior to transplantation in 
NF kidney recipients than in F kid- 
ney recipients (44% and 4%, respec- 
tively). 

Similar findings were encountered 
in the UCLA-Harbor General Hospi- 
tal first-transplant experience (Fig 
2). At this hospital, 93% of the recipi- 
ents of early function class F kidneys 
had been receiving hemodialysis for 
11 months or less and 80% of the class 
NF kidney recipients had been receiv- 
ing hemodialysis for two years or 
more. Eighty percent of the recipi- 
ents of class NF first-transplant kid- 
neys had antibody against 10% or 
more of the panel in contrast to 7% 
for the recipients of class F first- 
transplant kidneys. 

A wide variation (138% to 70%) in 
the incidence of early funetion class 
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Fig 1.—Relative incidence and relationship of time on hemodialy- 
sis to four classes of early posttransplant function of first-trans- 
plant, machine-preserved kidneys. Early posttransplant function is 
classified as (F); immediate good function followed by accelerated 
rejection (F**); slow initial function (SF); and no function, NF. Each 
Square represents one transplanted kidney. Antibody against-panel 
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Fig 2.—Relative incidence and hemodialysis time relationships of 
early posttransplant function classes. Each square represents one 
transplanted kidney. Antibody against-the-panel studies of 10% or 


studies of 10% or more are indicated. 


NF was found from center to center 
for the first-transplant kidneys. Be- 
cause of an apparent relationship be- 
tween prolonged hemodialysis and 
decreasing adequacy of early post- 
transplant function, early function 
class NF kidneys have been consid- 
ered within duration of dialysis 
groups. First- and second-transplant 
kidneys have been considered sepa- 
rately. 

Adult First-Transplant Recipients Re- 
ceiving Hemodialysis for One to Six 
Months.—This group was divided into 
two segments because of the com- 
paratively large number of pediatric- 
age recipients in the group. Three of 
17 adult recipients studied had ele- 
vated AbAP percents (Table 1). Two 
recipients with no detectable cyto- 
toxic antibodies before had antibodies 
after transplantation. Four of the 13 
other kidneys transplanted from 
these donors achieved class F func- 
tion. All of the kidneys had satisfac- 
tory perfusate flows and pressures. 

Childhood First-Transplant Recipi- 
ents Receiving Hemodialysis for One to 
Six Months.—These recipients ranged 


686 Arch Surg/Vol 108, May 1974 


more are indicated. 


from 10 to 15 years of age (Table 2). 
Five of the seven donors of kidneys 
for this group of recipients were 7% 
years of age or younger. None of 
these recipients had elevated AbAP 
levels before transplantation. Three 
of four recipients studied after trans- 
plant had antibodies against 18% or 
more of the panel. Three of the five 
remaining kidneys transplanted from 
these donors achieved class F func- 
tion. Three of the seven transplanted 
kidneys in this group had high-perfu- 
sion diastolic pressures and low-per- 
fusion pulse pressures, as well as low- 
perfusion flows. Two had prolonged 
cold ischemia time during air trans- 
port from out-of-state sites. 
First-Transplant Recipients Receiy- 
ing Hemodialysis for Seven to 12 
Months.—All recipients in this group 
were adults (Table 3). Elevated AbAP 
percents were found in two of 17 re- 
cipients before transplantation and 
in one of six studied after transplant. 
Seven of the 15 remaining kidneys 
transplanted from these donors 
achieved class F function. Perfusion 
flow and pressure characteristics 


were satisfactory for all but one of 
these kidneys. 

First-Transplant Recipients Receiv- 
ing Hemodialysis Over 12 Months.— 
Nine of 21 recipients (43%) in this 
group had elevated AbAP percents 
before transplantation and six of 
eight studied had elevated percents 
after transplantation (Table 4). Ten 
of the 20 remaining kidneys trans- 
planted from these donors achieved 
class F function. All but two of the 
kidneys in this group had perfusion 
flows of 5 90 ml/min. One of these 
kidneys had had prolonged cold is- 
chemia time during air transport 
from out-of-state. 

Second- and Third-Transplant Recipi- 
ents.—All but one of the 18 recipients 
of second transplants and the three 
recipients of third transplants were 
14 years of age or older (Table 5). All 
but four of the donors were 15 years 
of age or older. It is of interest that 
the kidneys from the four donors in 
the 1%- to 9-year age range all 
achieved early function class F. Six- 
teen of the 21 recipients of these 
kidneys (76%) had elevated AbAP 
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percents at some time prior to trans- 
plantation. Seven of 11 studied after 
transplantation had elevated per- 
cents. Perfusion daza from all kid- 
neys in this group were within ac- 
ceptable ranges. 

The AbAP determinations were ob- 
tained from two to four days after 
transplantation in zhe recipients of 
four class NF first-transplant kid- 
neys, three were zero and one was 1%. 
In the 10- to 15-day posttransplant 
period, seven other first-transplant 
recipients were studied. Three values 
were zero and four were elevated, two 
to 71% and 62% at 1) and 15 days, re- 
spectively. One recipient had anti- 
body against 4% of the panel at 14 
days, 13% at 16 days, 44% at 65 days, 
and 98% at seven months. The other 
pecipient in this group had antibody 
‘against 37% at 11 days after trans- 
plantation and against 58€% at 21 
days. 

Eight of the early function class 
NF first-transplant kidneys were 
transplanted into recipients with no 
donor-to-recipient HL-A antigen mis- 
match. Six of these no-antigen mis- 
match recipients had antibody 
against 17%, 41%, 48%, 89%, 89%, and 
92% of the panel of cell donors. 

No relationship was found with re- 
spect to the number of HL-A anti- 
gens mismatched (donor-to-recipient) 
and early function elass NF or F. The 
percent of first-transplant kidneys 
with zero, one, two, three, and four 
antigens mismatched (donor-to-recip- 
ient) for 62 early function class NF 
transplants was 8%, 19%, 26%, 31%, 
and 16%, and that for 88 early func- 
tion class F transp.ants was 8%, 17%, 
27%, 35%, and 13%. 

Machine perfusion flows of less 
than 100 ml/min were encountered in 
13 of 62 class NF first transplants. 
This compared with six of 88 class F 
first transplants. Ten of the 13 class 
NF kidneys and five of the six class F 
kidneys were from pediatric-age do- 
nors. Six of the ten class NF kidneys 
had good perfusion diastelic and pulse 
pressures, and five of the six re- 
maining kidneys rom these donors 
achieved early function dass F in 
their recipients. F cur of the pediatric- 
age donor class NF kidneys had bor- 
derline perfusion characteristics with 
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Table 1.—Data for Early Nonfunction (NF) First-Transplant 
Kidneys in Adult Patients Receiving Hemodialysis for One to Six Months* 
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* F (immediate and continued good function in initial 10 to 14 days), FA® (immediate good 
function with accelerated rejection, AR, in 2- to 8-day posttransplant period), SF (slow initial 
function with diuresis by 7 to 9 days with improving function thereafter in initial (14 days), 
NF (essential nonfunction in initial 10 to 14 days). NFM“ signifies NF with hyperacute rejection 
(HA) observed at operation. 

t Hyperacute rejection observed at operation. 


Table 2.—Data for Early Nonfunction (NF) First-Transplant Kidneys 
in Children 
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* Eighteen hours in Texas and 14 hours in Los Angeles with 6 hours of cold ischemic 
during air transport in ice. 
t Hyperacute rejection observed at operation. 
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Table 3.—Data for Early Nonfunction (NF) First-Transplant 
Kidneys in Adult Patients Receiving Hemodialysis for Seven to 12 Months 
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that the titer of antibody correlated 
Table 4.—Data for Early Nonfunction (NF) First-Transplant with the severity of early renal trans- 
Kidneys in Adult Patients Receiving Hemodialysis for Over 12 Months plant malfunction and failure. High 
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Panel ngai FAWN aoa immediate anuria. Intermediate ti- 
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* Third transplant. All others are second transplants. 


t Hyperacute rejection obse-ved at operation. 


ies. Presensitization also appears to 
be a factor in other less than early 
function class F kidneys (SF and 
mn). 

Approximately 16% of zhe perfused 
kidneys were discarded from the ma- 
chines without transplantation. Poor 
perfusion was a major cause for the 
nontransplantat.on of these kidneys. 
Only four of the class NF kidneys, all 
from pediatrie-ege doncrs, had bor- 
derline perfusion characteristics with 
respect to perfusate flow and perfu- 
sion diastolic and pulse pressures, 
which might have been responsible 
for an early function class F kidney. 
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Three of these kidneys had had pro- 
longed cold ischemia times during air 
transport in ice from distant centers 
(Louisiana and Texas). Transplant 
arterial, venous, and ureteral obstruc- 
tion was not found to be involved in 
early posttransplant nonfunction in 
this experience. 

Cytotoxic antibodies against higher 
percents of the panel were associated 
with increasingly long periods of he- 
modialysis, and appeared to be re- 
lated to higher percents of class NF 
function. Lucas and associates** have 
reported the comparative insensitiv- 
ity of cytotoxicity assays in detecting 


dangerous levels of presensitization 


‘with humoral antibody in human re- 


nal transplantation. 

There was no difference between 
early function class NF and F first- 
transplant kidneys with respect to 
the number of HL-A antigens mis- 
matched or the flow and pressure 
characteristics of machine preserva- 
tion. There was a difference with re- 
spect to duration of hemodialysis 
prior to transplantation and to the 
levels of antibody as detected by 
against-the-panel cytotoxicity assays. 
Class NF transplants, both first and 
second, had longer periods of hemodi- 
alysis and a higher incidence of pre- 
sensitization by AbAP assays. 

There is evidence from our studies 
to suggest that from 90% to 95% of 
well-perfused cadaveric kidneys, with 
good machine preservation character- 
istics, should achieve early function 
class F when transplanted into non- 
sensitized recipients. Failure to 
achieve this level of early function 
may be due to presensitization. 

More sensitive measures are 
needed to detect potentially harmful 
levels of antitransplant antigen anti- 
bodies in humans, and transplanta- 
tion into sensitized recipients should 
be avoided. At this time, the most im- 
portant practical step would appear 
to be to perform renal transplanta- 
tion in humans prior to the initiation 


of hemodialysis or, at the very least, 


quite soon (within two to three 
months) after the beginning of hemo- 
dialysis. 
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Nonunion of the 


Carpal Navicular 


Modes of Treatment 


Bruce Sprague, MD, E. Jeff Justis, Jr., MD, Memphis 


The indications and methods of treatment 
for nonunion of the carpal navicular remain 
varied and controversial. Ninety-eight pa- 
tients were seen because of symptoms due 
to a persistent nonunion. Of these, only 27 
were sufficiently disabled to require recon- 
structive surgery: 13 with nonunion of waist 
fractures and mild radiocarpal degenerative 
changes underwent bone grafting and radial 
styloidectomy (ten had good results); seven 
with nonunion of the proximal third frac- 
tures and minimal degenerative changes 
were treated by bone grafting or excision of 
the fragment (depending on vascular status) 
and radial styloidectomy (four had good re- 
sults, one poor); three with stable fibrous 
unions but having symptoms due to gener- 
ative changes were successfully relieved 
by radial styloidectomy, and four patients 
required wrist fusion because of severe 
degenerative changes and pain. 


his article describes some 
modes of treatment for nonunion 
of the carpal navicular and discusses 
the indications for surgery. Of all 


fractures of the wrist, fractures of | 


the carpal navicular are second only 
in frequency to Colles fractures. Un- 
like the latter, navicular fractures do 
not often produce visible deformity 
and for this reason this common in- 
jury was infrequently recognized and 
poorly understood until the routine 
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use of roentgenographic examination 
of injuries in the 1920s. Until that 
time the fracture was often diag- 
nosed as a persistent “wrist sprain.” 
In the past 50 years, much has been 
learned about the pathomechanics 
and treatment of this injury. How- 
ever, in spite of the unanimous opin- 
ion of physicians that early diagnosis 
and adequate treatment by immobili- 
zation will yield a 90% union rate, the 
problem of nonunion persists.' 


Functional Anatomy 


The capitate is known as the “key- 
stone” of the carpus, but probably 
the navicular is functionally the most 
important bone since it is the coordi- 
nating link between the proximal and 
distal rows of the carpus. The navicu- 
lar is certainly the carpal bone most 
susceptible to trauma. 

It is shaped somewhat like the hull 
of a boat and has four articular sur- 
faces. These articular surfaces cover 
the majority of the bone and articu- 
late via facets with the radius, lunate, 
and capitate and the greater and 
lesser multangulars. These articular 
surfaces are separated by a helical 
roughened area starting on the dor- 
sum and winding around to the tu- 
bercle. It is in this area that the volar 
and dorsal radiocarpal and radial col- 
lateral ligaments insert accompanied 
by the “laterovolar,” “dorsal,” and 
“distal” arterial branches from the 
radial artery. Hence the proximal 
third is composed of articular facets 
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and has no ligamentous insertions 
with associated vascular structures. 
Occasionally a separate branch of the 
laterovolar artery may supply the 
proximal one third as demonstrated 
by Taleisnik and Kelly,’ but the pri- 
mary source of blood supply is by the 
intraesseous anastemoses of the lat- 
erovolar and distal arteries. Con- 
sequently, frāctures involving the 
proximal third or junction of the 
proximal third and waist interrupt 
these important inzraosseous anasto- 
moses and may produce avascular ne- 
crosis of the proximal fragment. If 
this eomplication is to be prevented, 
early diagnosis of the injury and ade- 
quate and continucus immobilization 
of reduced fracture fragments must 
be employed. Stewart demonstrated 
that union can be obtained in spite 
of avascular changes, but immobiliza- 
tion must be contirued fer a substan- 
tially longer period of time (12 to 20 
weeks).’ 


Pathomechanics 


The reason that the navicular is 
subjected to injury more than the 
seven other carpal bones is probably 
two-fold. First, the irregular twisting 
concave shape of the bone is struc- 
turally a weak design. A second and 
more important factor is that this 
bone serves as a connecting link be- 
tween two separate jeints (radio- 
carpal and midearval) that have dif- 
ferent primary planes of motion. 
Dorsiflexion and radial deviation of 
the hand are primarily produced by 
motion at the midcarpal joint and 
secondarily by the radiecarpal joint, 
whereas volar flexion and ulnar de- 
viation are produced primarily by ra- 
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diocarpal motion and secondarily by - 


midcarpal movement.’ Consequently, 
when forceful hyperdorsiflexion and 
radial deviation of the wrist are pro- 
duced by a fal! on the outstretched 
hand, the limits of motion at the 
radiecarpal joint are reached before 
these of the midcarpal joint because 
of the strong volar carpal ligaments 
(Fig 1). Hence a fracture is usual- 
ly produced in the waist or proximal 
third of the navicular where the bone 
is changing its orientation from 
being a part of the proximal row to a 
part.of the distal row. This is also the 
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Fig 1.—Forceful hyperdorsiflexion of wrist 
resulting in naviċular fracture. 


area of greatest stress concentration 
because both the proximal and distal 
ends of the navicular are secured 
to their adjacent articulating bones 
by strong interosseous ligaments. 
Whether the fracture is located in the 
waist or proximal third of the bone 
probably depends on the amount of 
radial or ulnar deviation of the hand. 
The head of the capitate may also act 
as a fulcrum over which the navicular 
is stressed during forced dorsiflex- 
ion.* This type of navicular fracture is 
usually nondisplaced because the 
fragments are immobilized by the in- 
terosseous, volar, and dorsal carpal 
ligaments. 


Roentgenographic Assessment 


The initial roentgenographic exam- 
ination of the wrist must include an- 
teroposterior, lateral, and oblique 
views with ulnar deviation of the 
wrist in order to visualize a carpal 
navicular fracture. Unfortunately, a 
nondisplaced fracture may not be dis- 
cernible on the initial roentgen- 
ograms. Many times it is only after 
the early stages of fracture healing 
(vascular invasion) that the line is 
visible. Consequently, many navicular 
fractures simulate stress fractures in 
that the clinical symptoms are pres- 
ent initially but roentgenographic 
confirmative evidence is delayed. 
Therefore it is imperative that a sec- 
ond roentgenographic examination 
including the three initial views be 
performed at 10 to 14 days postinjury 
in order definitely to exclude the 
possibility of a fractured navicular. 
During this interim period, the wrist 
should be immobilized in a cast or 
splint in order to prevent dis- 
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placement of the fragments. 


Conservative Treatment 


Stewart has emphasized that a phy- 
sician must have a high index of sus- 
picion to make the diagnosis of a 
navicular fracture when a patient 
complains of a wrist injury.’ The clin- 
ical signs of a fractured navicular are 
usually tenderness with mild swelling 
in the area of the anatomical snuff- 
box and pain with dorsiflexion and 
radical deviation of the wrist. Roent- 
genographic examination with three 
or more views of the wrist (antero- 
posterior, lateral, and oblique with ul- 
nar deviation) is imperative. When 
the diagnosis is made, the extremity 
must be placed in a gauntlet cast, in- 
cluding the proximal phalanx of the 
thumb, with the hand in the “grasp 
pose” position. This usually provides 
accurate reduction and adequate im- 
mobilization of the fracture frag- 
ments. Without external immobiliza- 
tion there is constant motion at the 
fracture site because the radiocarpal 
and midecarpal joints transfer their 
motion to each associated fragment. 
Eventually, cystic and sclerotic 
changes are produced at the fracture 
site due to this constant motion. This 
is analogous to the reabsorption pro- 
duced at the femoral neck fracture 
site when its internal fixation is 
inadequate. In these cases, however, 
Stewart found that in spite of early 
cystic or mild sclerotic changes at the 
fracture site, 90% of the navicular 
fractures he treated went to osseous 
union.' This method also provided su- 
perior functional results to the many 
and varied forms of surgical treat- 
ment. | 


Surgical Treatment 


At the Campbell Clinic, from 1950 
to 1970, over 200 fresh or early frac- 
tures of the carpal navicular were 
seen and treated in a gauntlet cast 
as advocated by Stewart. During the 
same period of time, 98 patients with 
late (three months or older) navicular 
fractures or established nonunion of 
the navicular were referred for eval- 
uation and treatment. Of these pa- 
tients, 18 (17%) were successfully 
treated by prolonged immobilization 
in a gauntlet cast, 27 patients (26%) 
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eventually had surgical treatment for 
the nonunion, and 38 patients (41%) 
did not desire surgical intervention or 
did not have symptoms severe enough 
to justify an operative procedure. The 
remaining 15 patients (16%) were lost 
to follow-up or sought medical at- 
tention elsewhere. These statistics 
illustrate two important points con- 
cerning the treatment of ununited 
navicular fractures: (1) A late navicu- 
lar fracture with viable fragments 
and minimal sclerosis at the fracture 
line with cystic degeneration will 
probably heal with prolonged im- 
mobilization in a well-fitted gauntlet 
cast. (2) Patients with established 
nonunion of the navicular may be vir- 
tually asymptomatic and have good 
function of the involved hand and 
wrist for varying lengths of time. Op- 
erative intervention based primarily 
on roentgenographic diagnosis is not 
indicated. It can be postulated that 
many patients are asymptomatic or 
only mildly symptomatic because 
fracture fragments were stabilized 
by a secure fibrous union. It is, of 
course, possible that some of these pa- 
tients will come to surgery in the fu- 
ture if the fibrous union is disrupted 
by reinjury or if degenerative 
changes develop in the radiocarpal 
joints. However, these problems are 
unpredictable and most patients are 
merely observed until disabling 
symptoms occur. 


Review of Patients 
Requiring Surgery 


The 27 patients with nonunion of the na- 
vicular requiring surgical treatment for 
disabling symptoms who are the basis of 
the evaluation that follows (Table) consti- 
tute 26% of all the patients referred to the 
Campbell Clinic for treatment of their 
nonunion. None of these patients had any 
associated injuries. Patients with dis- 
locations or associated carpal injuries were 
eliminated from this series. 

The average age of the patients was 28 
years, with a range from 15 to 58 years. 
The majority of patients were young 
adults ranging from late teens to mid-30s. 
The only female patient was also the oldest 
in the group. The average time from the 
original injury to our initial evaluation was 
37.7 months, with a range from 4 to 420 
months. The major initial complaint was 
pain with the use of the hand. Many 
patients had been asymptomatic and had 
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Fig 2.—Left, 18-year-old high school football player injured left wrist nine months prior to 
seeking medical advice. Right, Six months after peg bone graft and radial styloidectomy 


produced good functioning wrist. 








Fig 3.—Left, 24-year-old male professional basketball player injured right wrist three years 
ago. Right, One year after peg bone graft and radial styloidectomy. 


worked regularly for periods ranging from 
months to years since their original injury 
until recent minor trauma to the wrist pro- 
duced the current episode of pain. Some 
patients complained of decreased grip 
strength, particularly with twisting mo- 
tions of the wrist. A few patients com- 
plained of limited motion of the wrist; 
however, this was usually secondary to 
their pain. 

The mechanism of injury was obtainable 
in the history of 23 patients. Nineteen 
fractures were produced by falls on the 
outstretched hand. In 13 incidents, these 
falls occurred while the patient was in- 
volved in athletics (ie, football, basketball, 


baseball, roller skating). Four injuries 
were produced by forceful hyperextension 
of the wrist from a tool or a machine. 

Navicular fractures are generally classi- 
fied by the portion of the bone involved. In 
this series, there were no fractures of the 
tubercle or distal third. Fractures through 
the waist of the navicular are the most 
common type. In Stewart’s series of 436 
navicular fractures, 80% were in the 
waist.' In this series of nonunions, 63% of 
the patients had fractures in the waist (17 
of 27) and the remaining ten patients had 
fractures involving the proximal one third 
of the navicular. 

In this group, 66% (18) of the patients 
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Patients With Nonunion Requiring Surgical Treatment 


Duration 
of 
Mechanism of Injury Nonunion 


Kickback from engine crank 5 yr 
Fall on outstretched hand 4yr 
No history of injury recorded 45 yr 
Shelves fell on left wrist lyr 
Fall on outstretched hand 3 mo 
Fall on outstretched hand 2 yr 
Fall on outstretched hand 9 mo 
Struck on wrist by chain 33 yr 
Tool caught in machine 9 mo 
Fall on outstretched hand 9mo 
Fall on outstretched hand 3 yr 
Fall on outstretched hand 3 yr 
Football injury 3 mo 
No history of injury recorded 18 mo 
No history of injury recorded 2 yr 
Wrist struck by wrecking tool 9 mo 
Football injury 9 mo 
Fall on outstretched hand 2yr 
No history of injury recorded 35 yr 
Basketball injury 3yr 
Fall on outstretched hand 214 yr 
Football injury 4 mo 
Football injury lyr 
No history of injury recorded 3 yr 
Fall on outstretched hand 17 mo 


Results 
Excellent 
Good - 


Surgical Treatment 
Cast, radial styloidectomy 
Bone graft and styloidectomy 
Bone graft and styloidectomy 
Bone graft and styloidectomy 
Wrist fusion 
Bone graft and styloidectomy 
Bone graft and styloidectomy 
Bone graft and styloidectomy 
Bone graft and styloidectomy 
Bone graft and styloidectomy 
Radial styloidectomy 
Bone graft and styloidectomy 
Internal fixation and styloidectomy 
Wrist fusion 
Radial styloidectomy 
Excision of proximal fragment and styloidectomy 
Bone graft and styloidectomy 
Wrist fusion ‘ 
Excision of proximal fragment and styloidectomy 
Bone graft and styloidectomy 
Bone graft and styloidectomy 
Excision of proximal fragment and styloidectomy 
Bone graft and styloidectomy 
Excision of proximal fragment and styloidectomy 
Bone graft and styloidectomy 


Proximal third 
Wast 
M Wast 
Wast 
Wast 
Waist 
Wasst 
Waist 
Wa'st 
Proximal third 
Wa st 
Proximal third 
Wa st 
Wa st 
Preximal third 
Preximal third 
Prcximal third 
Prcximal third 
Prcximal third 
Prcximal third 
Waist 


Excellent 
Good 

Fair 

Good 

No follow-up 


No follow-up 


Prcximal third 
Waist 
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had no initial treatment for their injury 
because they did not seek medical atten- 
tien er because the index of suspicion of 
the primary physiciar concerning a pos- 
sible navicular injury was net sufficiently 
high. Similarly, 76% of the patients in the 
Pennsylvania Orthepedic Society series 
had no initia! treatment.’ Four patients 
(18%) had apparently inadequate treat- 
ment by history and the remaining six pa- 
tients (20%) developed a nonanion in spite 
ef initial therapy alleged tc be satisfac- 
tory. In this latter group, four fractures 
involved the proximal one third and two 
the waist. Three patients who had no ini- 
tial treatment were operated on for a non- 
union of the navicular prior to being seen 
at the Clinic for failure of umon. One frac- 
ture had gone to nonunion because of fail- 
une of fixation by 2 cancellous compression 
serew. The two other cases sad failure of 
union following peg bone grafts. 


Operative Indications 


Numerous surgical proeedures have 
been advocated for the treatment of 
nonunion of the navicular. Those we 
have used include (1) bone graft and 
radial styloidectomy, (2) excision of 
proximal fragment and radial styloid- 
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$ ET Basis 


Wrench slipped 5 yr 
Fall on outstretched hand 


24 yr 


ectomy, (8) radial styloidectomy 
alone, and (4) wrist fusion. 

The selection of the best operative 
procedure for each case depends on a 
variety of factors that are discussed 
under the four main groups of waist 
fractures, proximal third fractures 
with and without vascular changes, 
radiocarpal joint changes, and severe 
wrist joint changes. 

Nonunion of Waist Fracture.—In 
cases of ununited fractures of the 
waist with or without minimal hyper- 
trophic degenerative changes in the 
radiocarpal and intercarpal joints, the 
authors have had good results with 
the following procedure. The navicu- 
lar and radial styloid are exposed by a 
dorsoradial bayonet incision. The ra- 
dial styloid is stripped of its soft tis- 
sue insertions subperiostially and a 
peg cortical-cancellous bone graft is 
obtained with a small curved gouge.’ 
A radial styloidectomy is then per- 
formed to facilitate visualization 
of the nonunion site and produce a 
hemiarthroplasty to eliminate the ra- 
diocarpal joint degenerative changes. 


Excision of proximal fragment and styloidectomy 
Bone graft and styloidectomy 


Good 
Excellent 





If malrotation or displacement of the 
fracture fragments is present, the un- 
stable fibrous union is taken down 
and the fragments reduced. The re- 
duction is maintained by the bone 
peg graft, or an onlay graft may be 
used in cases not requiring reduction 
of the fragments (Fig 2). 

Mild sclerosis or cystic change at 
the fracture site does not have a 
detrimental effect on subsequent un- 
ion. The patient must be immobilized 
postoperatively in a gauntlet cast for 
two to three months followed by a 
leather lacer navicular brace until un- 
ion is confirmed by roentgenographic 
examination. In a few cases, internal 
fixation with Kirschner-wires was 
used as an adjunct or even a substi- 
tute for the bone graft. This pro- 
cedure was performed in 13 cases 
producing a solid union in 12. Most 
patients had no pain or minimal pain 
with vigorous activity and a good 
range of motion of the wrist. 

Nonunion of the Proximal Third.—In 
cases of nonunion of the proximal one 
third of the navicular with a viable 
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proximal fragment and minimal hy- 
pertrophic changes (pointing of the 
radial styloid), the operation de- 
scribed above may be employed to 
good advantage (Fig 3). In the three 
cases indicated for this surgical pro- 
cedure, union of the fragments was 
produced. However, if the proximal 
fragment appears avascular on ro- 
entgenographic examination and is 
found to be necrotic at the time of op- 
eration, a more successful method is 
to excise the proximal fragment if it 
is less than one third the size of the 
navicular after performing a radial 
styloidectomy (Fig 4). We have found 
that the results of this type of exci- 
sional arthroplasty of the radiocarpal 
joint are far superior to excision of 
the proximal fragment alone. This al- 
ternative procedure was used in four 
cases. | 

Wrist Joint Changes.—Three cases in 
this series had only a radial styloid- 
ectomy because of the hypertrophic 
changes in the radiocarpal joint sec- 
ondary to nonunion of the navicular 
(Fig 5). In our experience, excision 
of the radial styloid has been a 
worthwhile procedure in relieving the 
symptoms produced by the radio- 
carpal joint degenerative changes as- 
sociated with neglected navicular 
fractures. This procedure should be 
performed if there is pointing of the 
radial styloid, narrowing of the radio- 
carpal joint, or incongruity of the ra- 
diocarpal joint on the roentgenogram. 
In one case, the patient had had no 
initial treatment of the fracture 
when first seen at the Clinic, but un- 
ion occurred after six months of im- 
mobilization in a gauntlet cast. Fol- 
lowing union of the fracture, the 
patient experienced a dull aching 
pain in the wrist and limited wrist 
motion. Consequently, a radial styloid- 
ectomy was performed alleviating 
these disabling symptoms. In the 
other two cases, the navicular frac- 
ture had gone to a stable fibrous un- 
ion with severe hypertrophic changes 
of the radiocarpal joint. Here again 
radial styloidectomy was a successful 
rehabilitative procedure. 

We have found that this procedure 
usually improves the range of motion 
of the wrist with no detectable insta- 
bility. Our patients have regained a 
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Fig 4.—Left, 22-year-old man sustained unknown injury to right wrist three years ago; 
proximal fragment not viable. Right, Three months following excision of proximal fragment 
and radial styloidectomy. 





Fig 5.—Left, 51-year-old man injured right wrist five years ago when engine crank kicked 
back. Previous radial styloidectomy did not relieve symptoms. Right, Two months after a 
more radical styloidectomy provided good symptomatic relief. 


Fig 6.—Radial styloidectomy, including 
triangular compartment of distal radius. 


good power grasp. This procedure is 
only effective, however, if it is per- 
formed correctly. The radial cup ar- 
ticular surface is divided into two 
compartments by a dorsovolar ridge. 
The triangular radial compartment 
articulates with the navicular and the 
ulnar quadrangular surface with the 
lunate.” An adequate radial styloid- 
ectomy must include excision of the 
triangular compartment, leaving the 
dorsovolar ridge intact as well as the 
radial styloid (Fig 6). The bone should 
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Fig 7.—Left, 35-year-o d marefell on outstretched left hand. Right, Wrist fusion performed 
because of severe radiozarpal oint degenerative changes. 


be cleared of ligaments by subperios- 
teal dissection prior to resection to al- 
low eontinuity of the sof= tissue re- 
straining structures 

Severe Wrist Joint Invo-vement.—In 
our series four patients demonstrated 
severe hypertrophic arthritis and 
avascular neerosis of the proximal na- 
vicular fragment. In these patients, a 
wrist fusion with er withaut the exci- 
siom of the necrotic fragmenz was be- 
lieved to be the proceduse of choice 
(Fig 7). 


Clinical Results 


We realize that the evaluation of 
results in this small seriesof patients 
is net statistically significant, but for 
purposes of follow-up we established 
the following criteria to evaluate the 
clinieal results of these sumzical proce- 
dures. 

We considered an excelent to good 
result to mean that the datient has 
only minimal discomfort with vigor- 
ous activity of the extremity, at least 
75% of normal range of motion of 
the wrist, and a good g-asp. These 
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patients usually returned to their for- 
mer occupations. A fair to poor result 
represents less than 75% normal 
range of motion, decreased grip 
strength, and pain or discomfort with 
less than strenuous activity. 

The results of treatment of unu- 
nited waist fractures by open reduc- 
tion, a bone graft, or internal fixation 
and a radial styloidectomy were ten 
“excellent to good” and three “fair to 
poor.” 

Of the three patients with bone 
grafts and radial styloidectomy for a 
proximal nonunion, two had excellent 
to good results and the third patient’s 
operation is too recent to evaluate. 
Three of the four patients who had 
excision of the proximal fragments 
and radial styloidectomy had excel- 
lent to good results. There has been 
insufficient follow-up of the fourth 
patient. 

The three patients who had a radial 
styloidectomy as the only operative 
procedure had excellent or good re- 
sults. One patient did require a revi- 
sion of the radial styloidectomy six 


years after the initial procedure be- 
cause of recurrent hypertrophic 
changes. 

The results of the wrist fusions 
were equally divided between good 
and fair. All patients had solid fusion 
clinically and by roentgenogram, but 
two patients continued to complain of 
disabling pain with use of the ex- 
tremity. 


Conclusions 


We found that only 27 of 98 pa- 
tients with ununited navicular frac- 
tures required surgical treatment. 
When surgery is indicated, it is our 
opinion that a radial styloidectomy is 
an essential part in the treatment of 
nonunion of the navicular. It is just as 
important to alleviate the symptoms 
produced by secondary degenerative 
changes as to establish union of the 
navicular fragments. In our study, 
the majority of patients who had the 
appropriate surgical treatment for 
the nonunion had satisfactory post- 
operative results. 
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Experimental Surgery 


Fracture Healing 


Compression vs Fixation 
Gerald S. Laros, MD, Chicago 


In a fracture healing experiment using 
rabbit tibiae, apparatus was used to produce 
a constant measured compression at the site 
of surgically produced fractures. The appa- 
ratus did not hold the fracture rigidly im- 
mobilized, but permitted a degree of motion. 
Under these conditions, compression itself 
was not a uniformly beneficial factor in frac- 
ture healing. In excess, compression acted 
adversely on the healing process, resulting 
in slower healing and a bulkier, less mature 
callus. Excess compression was also related 
to an adverse response in the diaphysis 
manifested by resorption of bone along Ha- 
versian canals with resultant diminution of 
structural substance of the cortex. 


Gaps plating is a well- 
established technique in fracture 
treatment. Although emphasis still 
rests on the word “compression,” it is 
difficult to separate the relative mer- 
its of compression versus rigid im- 
mobilization. This study evaluated 
the effect of constant measured com- 
pression of various magnitudes on 
fracture healing in long bones of rab- 
bits when immobilization was not 
rigid. 

Numerous variables influence frac- 
ture healing, including (1) compres- 
sion (constant, gradually decreasing 
[when internally placed, devices lose 
compressive strength], or inter- 
mittent [when weight-bearing in a 
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cast]), (2) contact (compression can- 
not occur without a degree of con- 
tact”), (3) motion (most treatment 
systems utilizing compression also 
produce healing benefits through 
rigid fixation). Additional factors in- 
clude site (metaphysial [cancellous] 
healing differs from diaphysial [corti- 
cal] healing), blood supply (in long 
bones, intramedullary rods damage 
endosteal blood supply? and plates 
damage periosteal blood supply’, and 
age (fractures heal better in imma- 
ture animals than in adults’. 

The first three variables are inter- 
related, but not totally interdepen- 
dent. In this study the compression 
factor was altered in a measurable 
way, and contact varied only slightly, 
but rather than rigid fixation, a de- 
gree of motion was permitted at the 
fracture site. For the last three vari- 
ables, the site was cortical, damage to 
medullary and periosteal blood supply 
was minimal and uniform, and ani- 
mals were immature for optimal heal- 


ing. 
Methods 


Transverse midshaft tibial fractures 
were created in 25 rabbits weighing 2.3 to 
3.1 kg. Another 12 rabbits were operated 
on but discarded because of infection, 
death, loss of fixation, or loss of reduction. 
All animals were skeletally immature as 
demonstrated by open epiphysial lines on 
roentgenograms. 

Using techniques similar to those of 
Yamagishi and Yoshimura,’ four Kirsch- 
ner wires were drilled through skin and 
tibia (Fig 1). A 1l-em thick steel bar, with 
holes slightly larger than the Kirschner 


wires, served as a guide for inserting the 
wires in a plane perpendicular to the 
tibia’s long axis, parallel with each other 
and uniformly spaced. With two wires 
above and two below the proposed fracture 
site, the tibia was fractured with a Gigli 
saw inserted through two small stab 
wounds in the skin. Surgical trauma was 
minimal to both periosteal and medullary 
blood supply. In rabbits the fibula is pres- 
ent only in the proximal portion of the leg 
and fuses with the tibia in its upper half, 
making the lower leg essentially a one- 
bone segment. The fracture was made at 
or distal to the point of fusion. 

Rabbits were assigned to five groups of 
five rabbits each as follows: fixation with- 
out compression, “physiologic” compres- 
sion (compression provided by muscle 
only), minimal compression, midcompres- 
sion, and maximal compression. 

For fixation without compression, all 
four wires were firmly clamped between 
two steel bars, one placed medially and 
one laterally (Fig 2). 

For physiologic (muscle) compression, 
wires were clamped between double bars 
medially and laterally, with the bars near- 
est the limb tightened on the two proximal 
wires and loose on the two distal wires 
while the bars furthest from the limb were 
tight on the distal wires and loose on the 
proximal ones (Fig 3). This arrangement 
provided relative immobilization against 
rotation and angulation while allowing mo- 
tion longitudinally, thus permitting physi- 
ologic compression due to muscles acting 
across the fracture site. 

For minimal compression, sliding spring 
clamps, applied to the wires medially and 
laterally, provided immobilization against 
rotation and angulation while the steel 
spring produced compressive forces of 250 
gm on each side or 500 gm of total com- 
pression (Fig 4). Since changes in length of 
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Fig 1.—Placement əf Kirschner wires 
across tibia. 


Fig 3—Anterior view of rabbit leg. Bars 
nearest limb are tightened on two proximal 
wires and loose on two distal wires. Reverse 
is true of bars furthest? from limb. ‘‘Physi- 
aiogic’’ compression. 


steel springs ere propcrtiona! to forces ap- 
plied te them (Hooke aw), predetermined 
forces could be applied at the fracture site 
by spring clamps. The force was kept con- 
stant by regular measurement and adjust- 
ment of the spring length to accommodate 
for any absorption or position change at 
the fracture site, or bending or migration 
of wires. 

The midcompression and maximal com- 
pression groups used the same apparatus, 
but with total compressive forces of 1,000 
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Fig 2.—Left, Anterior view of rabbit leg with bars clamped on wires medially and laterally. 
No compression. Right, Lateral view of rabbit leg showing bars clamped on wires. No com- 


pression. 


Fig 4.—Left, Anterior view of rabbit leg with compression device in place. Length of spring 
controls compression. Right, Lateral view of rabbit leg with compression device in place. 
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gm and 2,000 gm, respectively. These 
forces represent compression of approxi- 
mately 1.9 kg/sq cm in minimal compres- 
sion, 3.9 kg/sq cm in midcompression, and 
7.7 kg/sq cm in maximal compression ap- 
plied to the cross-sectional cortical surface 
(excluding the area occupied by the medul- 
lary canal). These forces compare with the 
range of about 1.75 to 3.5 kg/sq cm recom- 
mended by Charnley for knee fusions.’ 
Tape was applied to the wires to prevent 
damage to the rabbits from the sharp ends 





and the animals were allowed free activity 
within their cages with apparatus in place. 

Roentgenograms were obtained twice 
weekly through the course of healing to de- 
termine when anchoring, bridging, and 
uniting callus appeared. 

Animals in each group were killed at 
four days, one, two, three, and six weeks 
to provide serial specimens for histologic 
study. Celloiden sections of theentire frac- 
tured tibia were prepared and stained with 
hematoxylin-eosin. 
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Fig 5.—Physiologic compression speci- 
men showing fracture line obliterated. 


Fig 8.—Cartilage (arrows) forming at ad- 
vancing front of periosteal callus in rabbit 
killed at one week. Periosteal surface above, 
endosteal surface below. Large soft tissue 
hematoma above (hematoxylin-eosin, x 4). 





Results 


Roentgenographic Studies.— Develop- 
ment of callus proceded at about the 
same rate in all groups during early 
periods of healing. Anchoring callus 
appeared about the end of the first 
week. Early bridging callus was seen 
about the end of the second week. At 
the beginning of the fourth week, all 
specimens except maximal compres- 
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Fig 6.—No compression. Bulky callus and 


fracture line still visible. 


Fig 9.—Bridging callus starting to appear 
in rabbit killed at two weeks. Periosteal sur- 
face above (hematoxylin-eosin, X 4). 





sion showed union of the callus 


bridge. The maximal compression 
specimen proceded to union at the 
end of the fourth week. After six 
weeks of healing, only the physiologic 
and minimal compression roentgen- 
ograms showed complete obliteration 
of the fracture line (Fig 5). In fix- 
ation without compression, midcom- 
pression, and maximal compression, 
roentgenograms still revealed a frac- 


Fig 7.—Thin layer of periosteal osteoid 
seen in rabbit killed at four days. No carti- 
lage nor endosteal reaction present. Peri- 
osteal surface above, endosteal surface 
below (hematoxylin-eosin, X 15). 


Fig 10.—Physiologic compression in rab- 
bit killed at three weeks. Periosteal (above) 
and endosteal union present (hematoxylin- 
eosin, X 4). 





ture line between the cortical ends 
(Fig 6). 
Microscopical Studies.—F our Days: 


A thin layer of periosteal os- 
teoid formed the initial healing re- 
sponse in all specimens. The width 
and organization of this osteoid was 
similar in all specimens, and no carti- 
lage nor endosteal reaction was seen 
(Fig 7). 
One 


Week.—Periosteal reaction, 
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forming anchoring callus, progressed 
to about the same maximum width in 
all specimens. Cartilage had formed 
at the advancing front of anchoring 
callus (Fig 8) in all bat the physiologic 
compression specimen. With maximal 
compression, resorption had widened 
some Haversian canals in the shaft 
aveay from the fracture site. 

Two Weeks.—All specimens had de- 
ve-oped mature anchoring callus and 
early bridging callus (Fig 9). Peri- 
osseal callus was significantly thicker 
in fixation without compression and 
maximal compressicn. Cartilage was 
present in all specimens. Haversian 
canal resorption adpeared in both 
mid- and maximal compression. 

Three weeks.—At this stage of heal- 
ing, differences of greater degree be- 
gam to appear among the five groups. 
Prysiologic and minimal compression 
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Fig 11.—Top left, Minimal compression in rabbit kill 
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weeks. Periosteal union is complete, and fracture ends themselves 
are united by bone. Medullary canal has reformed. Rigħt, No com- 
pression in rabbit killed at six weeks. Endosteal union present and 
still occludes medullary canal. Periosteal callus still separated by 
cartilage. Bottom left, Maximal compression in rabbit killed at six 
weeks. Periosteal callus is bulky and poorly organized. Only a few 
periosteal trabeculae actually bridge fracture. Cortex shows areas of 
bone resorption along course of Haversian canals (hematoxylin-eo- 


sin, X 10). 


specimens demonstrated early bony 
union in both endosteal and peri- 
osteal callus with moderate amounts 
of cartilage present (Fig 10). Midcom- 
pression showed more cartilage and 
no periosteal union, but did show 
endosteal union. In both fixation 
without compression, and maximal 
compression, a mass of cartilage sep- 
arated the anchoring callus, and nei- 
ther periosteal nor endosteal callus 
showed union. Haversian canal re- 
sorption was noted in mid- and max- 
imal compression. 

Six Weeks.—All specimens dis- 
played bony union, but the character 
of union varied considerably. Physi- 
ologic and minimal compression had 
relatively thin and flat periosteal cal- 
lus with woven bone partially con- 
verted to more mature lamellar bone 
and no cartilage present (Fig 11, top 


left). Bridging callus was fully de- 
veloped and uniting callus bound to- 
gether the bone ends. A small amount 
of endosteal callus bordered a pa- 
tent medullary canal. Midcompression 
showed incomplete bridging callus, no 
uniting callus, and a medullary canal 
still occluded by endosteal callus. In 
fixation without compressien, endos- 
teal callus united the fracture frag- 
ments, but periosteal callus did not 
(Fig 11, right). The bulky periosteal 
callus contained a moderate amount 
of cartilage. Maximal compression 
showed a bulky periosteal callus with 
poorly organized, relatively immature 
woven bone (Fig 11, bottom left). 
A few trabeculae were continuous 
across the fracture site, but large 
amounts of cartilage or fibrous tissue 
still separated anchoring callus in 
most areas. Endosteal callus showed 
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union and occluded the medullary ca- 
nal. Marked Haversian canal resorp- 
tion was present. 

In all specimens, the cut surface of 
bone ends at the fracture site re- 
mained visible throughout healing. A 
partial segment of the bone ends un- 
derwent necrosis, as evidenced by 
empty osteocyte lacunae.. Compres- 
sion did not influence the size of this 
necrotic area nor did compression 
cause breakdown of the necrotic bone. 
Areas of bone resorption of the frac- 
ture ends, when present, were associ- 
ated with living cells carried to the 
site as part of a granulation tissue 
invasion rather than disintegration 
from mechanical forces. 


Comment 


In this experiment, compression 
was kept constant, but the fixa- 
tion device allowed a minimal degree 
of motion as measured by minor 
changes in the position of fracture 
fragments seen on roentgenograms. 
Damage to blood supply by the fix- 
ation device was minimized since 
periosteal stripping for plates and 
medullary damage by intramedullary 
rods was avoided. Healing was opti- 
mal in terms of species and age of the 
experimental animal. 
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Several authors®*-*° describe the op- 
timal form of fracture callus as that 
that contains little or no cartilage, 
has small volume, and lies flat along 
the cortical surface. The healing seen 
with physiologic and minimal com- 
pression most closely approached this 


optimum. In mid- and maximal com- 


pression groups, healing was slower 
and deviated more from “ideal” by 
showing more cartilage, more callus 
volume, and less mature organization 
at comparable stages. The fixation 
without compression group was inter- 
mediate in healing appearance. 

The number of animals in this 
experiment was small. This was 
ameliorated somewhat by using 
roentgenograms to obtain interval in- 
formation on fracture healing with- 
out killing the animal. In addition, 
patterns appearing early in the 
course of healing (Haversian canal 
widening, thicker periosteal callus) 
persisted in later healing specimens. 

The fractured ends of the cortical 
bones were only passive participants 
in the healing process. Compression 
did not increase necrosis of the frac- 
ture ends nor cause mechanical dis- 
integration of the necrotic segments. 
The living cells of the callus and of 
the viable cortical bone were the ac- 
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_ Effect of Vagotomy on Hormones 


Stimulating Pancreatic Secretion 


Stanislaw J. Konturek, MD; Horst D. Becker, MD; 


James C. Thompson, MD, Galveston, Tex 


The effect of truncal vagotomy on the in- 
testinal release of secretin, cholecystokinin 
(CCK), and gastrin, and on their action on 
pancreatic secretion, has been studied in 
conscious dogs with chronic gastric and 
pancreatic fistulas. Vagotomy caused a sub- 
stantial reduction of pancreatic exocrine se- 
cretion in response to the intraduodenal in- 
stillation of hydrochloric acid, amino acids, 
and oleic acid soap, but did not affect pan- 
creatic secretion induced by exogenous se- 
cretin or CCK. This suggests that vagal in- 
nervation plays a permissive role in the 
release of these hormones from the intesti- 
nal mucosa but does not interact with them 
at the level of the pancreatic secretory cells. 
Vagotomy resulted in a substantial increase 
in the basal serum gastrin level, but it im- 
paired gastrin release caused by intestinal 
stimulants, which indicates that the release 
of intestinal gastrin may also be under cho- 
linergic control. 


t has been suggested by analogy 
with the known cholinergic re- 
lease of gastrin from the gastric an- 
trum that the release of secretin and 
cholecystokinin (CCK) from the small 
intestine may be under cholinergic 
control. The main evidence in support 
of this view is that local anesthetics 
applied to the intestinal mucosa,” 
anticholinergics given systemically,*’ 
and section of the vagus nerves** 
greatly reduce the secretory response 
of the pancreas to intestinal stimula- 
tion but not to exogenous hormones. 
In fact, vagotomy has been claimed to 
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increase,’~* decrease,” and have no ef- 
fect on"! the pancreatic response to 
exogenous intestinal hormones. The 
question of the vagal control of pan- 
creatic secretion is complicated by the 
fact that vagal stimulation also re- 
leases gastrin from the antrum. Gas- 
trin has been shown to induce pan- 
creatic secretion rich in enzymes, 
much like the secretory response to 
CCK.’ The use of a highly sensitive 
radioimmunoassay technique allows 
quantitative determination of the se- 
rum gastrin level, and makes it pos- 
sible for the first time to study the 
physiological importance of gastrin in 
pancreatic secretory mechanisms. 

In the present investigation, we 
have studied the effect of vagotomy 
over the entire physiological range of 
pancreatic secretion in response to 
both endogenously released and exog- 
enously administered secretin and 
CCK in conscious dogs provided with 
chronic gastric and pancreatic fis- 
tulas. Serum gastrin levels were mea- 
sured by radioimmunoassay in all 
studies before and after truncal 
vagotomy. 


Methods 


Four mongrel dogs, weighing 15 to 20 kg 
(33 to 44 lb), were prepared with a gastric 
fistula drained by a Thomas cannula’; a 
pancreatic fistula was constructed accord- 
ing to the method of Herrera and associ- 
ates. The cannula of the pancreatic fis- 
tula was placed in the duodenum about 15 


_ em distal to the pylorus. Secretory studies 


were started two weeks after surgery. The 

dogs were deprived of food but not water 

for at least 18 hours before each test. 
The stomach was washed through the 


gastric fistula at the beginning of each ex- 
periment. Afterward, the gastric fistula 
was kept open throughout the experiment 
to prevent acid from entering the intestine 
and releasing endogenous secretin. 

Pancreatic secretion was collected in 15- 
minute samples. The experiments were not 
started unless there were at least two con- 
secutive 15-minute periods with basal se- 
cretion less than 1.5 ml each. During each 
test, an infusion of 0.15-M sodium chloride 
was given by a peristaltic pump through 
polyethylene tubes (PE 50), one of which 
was inserted into the duodenum through 
the cannula of the pancreatic fistula and 
another into a leg vein. 

Five series of tests were performed on 
each dog to study the effect of both exoge- 
nous and endogenous stimulants of pan- 
creatic electrolyte and enzyme secretion. 
Pancreatic secretion was stimulated either 
by the intravenously given gastrointesti- 
nal hormone (GIH) secretin or the syn- 
thetic octapeptide of CCK (OP-CCK); the 
endogenous release of secretin or CCK was 
induced by intraduodenal perfusion with 
hydrochloric acid, mixtures of amino acids, 
or of oleic acid soap as described below. 
The GIH secretin was infused intrave- 
nously in graded doses ranging from 0.5 to 
8.0 units/kg-hr. Hydrochloride (HCl) was 
instilled intraduodenally at a constant con- 
centration of 100 mEq/liter at rates rang- 
ing from 1 to 16 mEq/hr. Synthetic octa- 
peptide of CCK was infused intravenously 
in doses ranging from 12.5 to 200 ng/kg-hr. 
A mixture of L-tryptophan and L-phenyl- 
alanine in a 100-millimolar solution was in- 
troduced into the duodenum at rates rang- 
ing from 0.5 to 8.0 millimoles/hr. A micel- 
lar solution of oleic soap was administered 
intraduodenally in a 50-millimolar concen- 
tration at the rate of 0.25 to 4.0 milli- 
moles/hr. Each test substance was studied 
on a separate day, and each dose level was 
administered for one hour. 
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‘The perfusate containing a mixture of 
amino acids was prepared on the day of ex- 
periment. Tryptophan and phenylalanine 
were dissolved in water in concentrations 
ef 100 millimoles eaeh. Sufficient dilute 
sodium hydroxide (NaOH) was added to 
bring the pH to 7.0, and sufficient mannitol 
was added te achiev2 an esmolarity of 
about 300 mOsm/liter. Osmolarity was 
measured by freezing point depressions 
with an osmometer. A micellar solution of 
cleic acid salt was predared by adding the 
cesired amount of oleic acid to an aqueous 
solution of NaOH anc stirring vigorously 


_ for 40 minutes. The final pH ef tae solution 


was brought to 9.4 by adding sufficient 
HCl. The osmolarity ef this solution was 
adjusted to 300 mOsm ‘liter with a 20% so- 
lation ef sodium chloride. 

Pancreatic juice was collected contin- 
uously and measured in 15-minute aliquots 
to the nearest 0.1 ml. 3icarbenate concen- 
tration was measurec by adding 0.5-ml 
pancreatic juice to 1.0 ml of @1 normal so- 
lation HCl, boiling tie solution briefly, 
cooling, and backtitrat ng the residual HCl 
with 0.1 normal soluticn NaQH. Bicarbon- 
ate output was calculated by adding to- 
gether the two highest, consecutive out- 
puts with a given dose of pancreatic 
stimulant and was expressed as mEq/30 
mimutes. The concentration of protein in 
pancreatic juice was determined with a 
spectrophotometer by absorbance at 280 
ma and compared to a standard solution of 
human serum albumin. Protein cutput was 
calculated by adding together the two 
highest consecutive outputs at a given dose 
of pancreatic stimulant and was expressed 
as milligrams per 30 minutes. 

After completing each series of experi- 
ments in duplicate, bilateral thoracic va- 
gotomy was performed through a thoracot- 
omy between the fifth and sixth left ribs. 
Two centimeters of each vagus and all vis- 
ible ramifications were resected. Complete- 
ness of vagotomy was verified with the 
Hollander insulin test.” Pyloroplasty was 
not performed, but, postoperatively, in- 
stead of one large meal a day, the dogs 
were fed three small meals caily. The 
weight of the dogs remained nearly con- 
stant throughout the study. Four weeks 
after vagotomy, an identical series of dose- 
response experiments was repeated. Re- 
sults of repeated Hollander tests indicated 
cemplete vagotomy. 

The order of testing different pancreatic 
stimulants was selected arbitrarily. Each 
experiment was repeated befere and after 
vagotomy, and observations are expressed 
as the mean and standard error of the 
mean. Only one type o? pancreatic stimu- 
lant was administered en a given day, and 
experiments were concucted on alternate 
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Fig 1.—Pancreatic volume and bicarbonate (HCO,) output before and after vagotomy in 
response to graded rates of intraduodenal infusion of hydrochloric acid. In this and subse- 
quent figures, each line represents mean of two observations on each of four dogs. Vertical 
bars are standard errors of mean. Asterisks around points indicate statistical significance. 


Fig 2.—Pancreatic volume and bicarbonate (HCO,) output in response to graded doses of 
gastrointestinal hormone secretin infused intravenously. 
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days, no more than three times a week. 

Blood samples for serum gastrin deter- 
mination were withdrawn from a periph- 
eral vein before and at the end of the 
administration of each dose level of pan- 
creatic stimulant. Serum concentrations of 
gastrin were measured by radioimmu- 
noassay.** 

The significance of differences between 
bicarbonate and protein outputs from the 
pancreatic fistulas in response to various 
pancreatic stimulants, and between plas- 
ma gastrin concentrations before and 
after vagotomy, was determined by the 
Mann-Whitney U test." 
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Results 


Vagotomy resulted in a substantial 
reduction of pancreatic volume and 
bicarbonate output in response to 
duodenal acidification (Fig 1). The ef- 
fect was observed at all rates of acid 
infusion into the duodenum and was 
most pronounced at the two highest 
rates: 8 and 16 mEq/hr. The highest 
bicarbonate output after vagotomy 
was decreased by 25%. Although the 
diminution in basal volume and bicar- 
bonate output after vagotomy was 
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Fig 3.—Pancreatic protein output before and after vagotomy in response to graded rates 
of intraduodenal infusion of tryptophan and phenylalanine mixture. 
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Fig 4.—Pancreatic protein output before and after vagotomy in response to intraduodenal 
infusion of graded rates of sodium oleate. 


Fig 5.—Pancreatic protein output before and after vagotomy in response to graded doses 
of synthetic octapeptide of cholecystokinin (OP-CCK), infused intravenously. 
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not substantial in this experiment, 
the reduction in basal values was sub- 
stantial in most of the following stud- 
ies (Fig 2 to 4). 

The pancreatic response to graded 
doses of intravenously administered 
secretin was virtually unaffected by 
vagotomy (Fig 2). Only at lower dose 
ranges was there a reduction of pan- 
creatic volume flow and bicarbonate ` 
output; this reduction was substantial 
when secretin was infused at 0.5 
units/kg-hr. 

Vagotomy caused a considerable 
decrease of pancreatic protein output 
under basal conditions and in re- 
sponse to duodenal instillation of 
amino acids and oleic acid soap (Fig 3 
and 4). The highest observed protein 
response after vagotomy was reduced 
by about 30% in studies with amino 
acids and 25% in tests with oleic acid 
salts. Pancreatic volume flow and bi- 
carbonate output in these experi- 
ments were relatively small and did 
not change substantially after vagot- 
omy. These results are omitted from 
the figures. 

Synthetic octapeptide of CCK 
given intravenously in graded doses 
produced a dose-related pancreatic 
response curve for protein. This was 
not changed by vagotomy (Fig 5). 

The average basal serum gastrin 
concentration before vagotomy was 
76 + 4 picograms (pg)/ml (Fig 6). The 
intravenous administration of secre- 
tin and the intraduodenal adminis- 
tration of hydrochloric acid resulted 
in a decrease of the basal level (the 
decrease, however, was not substan- 
tial). Duodenal irrigation with amino 
acids and oleic acid soap produced a 
dose-related increase in serum gas- 
trin reaching a peak of about 130% of 
the basal level with amino acids and 
140% of basal level with oleic acid 
salts. Gastrin levels also increased 
during the intravenous infusion of 
OP-CCK, probably because of the 
cross-reaction between CCK and gas- 
trin in our radioimmunoassay.: After 
truncal vagotomy, the basal serum 
gastrin level was elevated on an aver- 
age by about 20% of the basal level 
(96+ 6 pg/ml) (P<.05). Intraduode- 
nal instillation of acid, amino acids, 
and oleic soap, or the intravenous in- 
fusion of secretin, did not change se- 
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rum gastrin levels after truncal va- 
gotomy. Wi-h OP-CCK there was an 
increase of mmuncassayable gastrin 
levels similar to that seen before va- 


gotomy (Fig 6). 
Comment 


These studies demonstrate that va- 
gotomy causes a substantial reduc- 
tion of basa! pancreatic secretion and 
ef the entire physiological range of 
pancreatic secretion in response to 
endogenously released secretin and 
CCK, but does not affect the response 
to exogenous intestinal hormones. 

The fact taat vagotomy has greater 
influence on pancreatic secretion 
elicited by endogenous than by exog- 
enous stimulants, suggests that vagal 
cholinergic mechanisms are much 
more important in the release of in- 
testinal hormones than in the actual 
stimulation of pancreatic cells. The 
most proballe explanation would be 
that vagotomy removes vagal facil- 
itation of the endogenous release of 
hormones from the intestinal mucosa. 

These findings are in agreement 
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Fig 6.—Serum gastrin levels before and 
during pancreatic stimulation as in Fig 1 to 
5 (during parenteral administration of exog- 
enous secretin or synthetic octapeptide of 
cholecystokinin [OP-CCK], or intraduodenal 
administration of hydrochloric acid, L-phen- 
ylalanine and L-tryptophan mixture, or oleic 
acid soap). 


with previous observations that va- 
gotomy decreases the pancreatic re- 
sponse to endogenous secretin’ and 
cholecystokinin,’ as it does the gastric 
response to endogenous gastrin, but 
does not appear to reduce the pan- 
creatic responses to exogenous in- 
testinal hormones. It appears likely 
that the vagus nerve does not inter- 
act with secretin and CCK at the level 
of pancreatie secretory cells. Our 
findings do not support previous re- 
ports, however, that the pancreas 
becomes more sensitive to exogenous 
secretin and CCK after vagotomy. 
The reason for this discrepancy is not 
apparent. 

Our study sheds some light on the 
role of gastrin in pancreatic secre- 
tion. It has been shown previously 
that the stimulatory effect of gastrin 
on pancreatic secretion is similar to 
that observed with vagal stimula- 
tion, and that vagal denervation 
of the stomach, which eliminates va- 
gal release of gastrin, results in the 
decrease of pancreatic enzyme secre- 
tion in response to vagal stimula- 
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tion. Using the radioimmunoassay 
technique, we have found that re- 
leasers of endogenous CCK also cause 
‘asubstantial and dose-related increase 
of serum gastrin. This suggests that 
the duodenal mucosa also releases 
substantial amounts of gastrin, which 
can contribute to the pancreatic pro- 
tein response”! to intestinal instilla- 
tion of amino acids and oleic acid 
soap. The possible release of gastrin 
from extragastric sources was re- 
ported previously based on experi- 
ments in dogs,” but the present study 
attempts to quantitate the role of 
gastrin in pancreatic secretion elic- 
ited by stimulants of pancreatic se- 
cretion. Because the antibodies to 
gastrin are active against the C-ter- 
minal tetrapeptide of gastrin, our ra- 
dioimmunoassay has a small cross-re- 
action with CCK, which has the same 
peptide sequence. CCK has a po- 
tency of 0.015 in our assay relative to 
1.0 for synthetic human gastrin I"; 
this cross-reactivity presumably ex- 
ists in all radioimmunoassays for gas- 
trin. At the present time, it is impos- 


Vagotomy/Konturek et al 707 


re 

~ 
j 
4 

y 

` 
Se 
Y 


a A . 





‘eas Se 


ahah tet 





sible to clarify the importance of the 
different gastrointestinal hormones 
for the pancreatic secretion. This 
must await the development of spe- 
cific assay systems for each hormone. 
We have recently developed a radio- 
immunoassay for CCK that does not 
cross-react with gastrin.” 

It is of interest that after vagot- 
omy, the serum gastrin level is ele- 
vated under basal conditions, which 
may be considered as a secondary 
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This careful study performed in con- 
scious dogs extends previous work by Kon- 
turek and co-workers' who showed that the 
intact vagus nerve facilitates the endoge- 
nous release of CCK produced by intra- 
duodenal amino acid instillation, but does 
not reduce the pancreatic response to the 
administration of exogenous intestinal 
hormones. The present work indicates that 
intraduodenal releasers of endogenous 
CCK also produce a substantial dose-re- 
lated rise of serum gastrin levels. The au- 
thors suggest that this is evidence for sub- 
stantial intestinal release of gastrin. As 
carefully pointed out by the authors, how- 
ever, this can only be a tentative conclu- 
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phenomenon, probably attributable to 
such factors as postvagotomy slowing 
of gastric emptying, and the decrease 
of gastric acid secretion with subse- 
quent loss of acid inhibition of the 
antrum. Intraduodenal infusion of 
amino acids or oleic acid soap did not 
further raise this elevated basal level. 
This might be accounted for by post- 
vagotomy impairment of the release 
of intestinal gastrin. Thus, the in- 
testinal release of gastrin, like that of 
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Editorial Comment 


sion since the radioimmunoassay for gas- 
trin has cross-reactivity to CCK due to the 
presence of the same C-terminal tetrapep- 
tide in both hormones. The absence of a 
substantial rise of serum gastrin levels af- 
ter vagotomy in response to the intra- 
duodenal instillation of amino acids and 
fat does suggest that intestinal release of 
gastrin may also require a permissive ac- 
tion of the vagus nerves. 

This work further suggests the possi- 
bility that another extragastric effect of 
truncal vagotomy, namely, impaired re- 
lease of intestinal gastrin, might be pre- 
vented by selective vagotomy or highly se- 
lective gastric vagotomy. It would be of 


secretin or CCK, may require permis- 
sive action of the vagus nerve. 
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interest to see whether the latter proce- 
dure, which has already been shown clini- 
cally to be associated with a decreased in- 
cidence of dumping and diarrhea, would be 
associated with a normal endogenous in- 
testinal hormone release. 
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Ring Size—meastred in millimeters to evaluate Walking time— determined by the number of 
swelling of finger joints seconds required to walk 50 feet 








Sa 


Grip strength— measured in millimeters of Inflammation index — arrived at by ascribing 

mercury using a rclled sshvygmomanometer cuff values of 1 to 4 to degree of pain, redness, swelling, 
tenderness, and presence of joint fluid; then 
totalling five parameters 
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with an optimal dosage over an extended , 

period, hopefu ly showing greater improve- 

ment. After all, if dosage is optimal, 

chances are that therapeutic benefits of Æ : 

Ascriptin will be, too. the Maalox” -protected aspirin [} 
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collagenase 


Indications: Santy! Ointment is indicated for debrid- 
ing dermal ulcers and severely burned areas. In other 
types of necrotic skin lesions reports on the use of 
Santy! Ointment have been limited to clinical observa- 
tions without controls. 


Contraindications: Application is contraindicated in 
patients who have shown local or systemic hypersen- 
sitivity to Collagenase. 


Precautions: The enzyme’s optimal pH range is 7 to 
8. Lower pH conditions have a definite adverse effect 
on the enzyme’s activity, and appropriate precautions 
should be taken. 


The enzymatic activity is also adversely affected by 
detergents and hexachlorophene and heavy metal ions 
such as mercury and silver which are used in some 
antiseptics. When it is suspected such materials have 
been used, the site should be carefully cleansed by 
repeated washings with normal saline before Santyl 
Ointment is applied. Soaks containing metal ions or 
acidic solutions such as Burow’s solution should be 
avoided because of the metal ion and low pH. Cleans- 
ing materials such as hydrogen peroxide or Dakin’'s 
solution do not interfere with the activity of the enzyme. 


Debilitated patients should be closely monitored for 
systemic bacterial infections because of the theoreti- 
cal possibility that debriding enzymes may increase 
the risk of bacteremia. 


The ointment should be confined to the area of the 
lesion in order to avoid the risk of irritation or macer- 
ation of normal skin. 


A slight erythema has been noted occasionally in the 
surrounding tissue particularly when the enzyme oint- 
ment was not confined to the lesion. This can be read- 
ily controlled by protecting the healthy skin with a 
material such as Lassar’s paste. 


Since the enzyme is a protein, sensitization may de- 
velop with prolonged use although none has been 
observed to date. 


Adverse Reactions: Adverse reactions to Collagenase 
have not been noted when used as directed. 


Dosage & Administration: Santy! Ointment should be 
applied once daily (or once every other day in the 
case of outpatients) in the following manner. 


(1) Prior to application the lesions should be gently 
cleansed with a gauze pad saturated in normal saline, 
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Ointment. Should the infection not respond, therapy 
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remission of the infection. 


(3) Santyl Ointment should be applied (using a wooden 
tongue depressor or spatula) directly to deep wounds, 
or, when dealing with shallow wounds, to a sterile 
gauze pad which is then applied to wound. The wound 
is covered with sterile gauze pad and secured with 
clear tape or Kling bandage. 
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helpful. It is also desirable to remove as much loos- 
ened detritus as can be done readily with forceps and 
scissors. 


(5) All excess ointment should be removed each time 
dressing is changed. 


(6) Use of the ointment should be terminated when 
sufficient debridement of necrotic tissue has taken 
place. 


Overdose: Action of the enzyme may be stopped, 
should this be desired, by the application of Burow’'s 
solution U.S.P. (pH 3.6-4.4) to the lesion. 


How Supplied: Santy!l Ointment contains 250 units of 
Collagenase enzyme per gram of white petrolatum 
U.S.P. The potency assay of Collagenase is based on 
the digestion of undenatured collagen (from bovine 
Achilles tendon) at pH 7.2 and 37° C. for 24 hours. 
The number of peptides cleaved are measured by 
reaction with ninhydrin. Peptides released by a tryp- 
sin digestion control are subtracted. One net Collage- 
nase unit will solubilize ninhydrin reactive material 
equivalent to 4 micromoles of Leucine. 
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Collagenase) 


..{t may prove to be the drug 
of choice for wound 
debridement.” 


Varma A O et al: Surg. Gynec. Obstet. 136:281, 
Feb. 1973. 
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Hemodynamic Response to 


Vasodilation and Exercise 


in “Critical” Arterial Stenosis 


An Experimental Study in a Canine Model 


Werner Weissenhofer, MD, Worthington G. Schenk, Jr., MD, Buffalo 


A canine hind-limb exercise model is de- 
scribed that permits study of pressure and 
flow changes through an area of arterial ste- 
nosis before, during, and after exercise. 

Following creation of a critical stenosis in 
the external iliac artery (50% reduction in 
flow), exercise alone resulted in an increase 
in flow over the stenosis related to the de- 
gree of exercise produced, accompanied by a 
widening of the arteriovenous oxygen differ- 
ence and an increase in oxygen consump- 
tion. 

Infusion of an intra-arterial vasodilator 
(tolazoline hydrochloride) during the exer- 
cise period resulted in only a negligible 
change in flow over the stenosis, but a 
marked narrowing of the arteriovenous dif- 
ference (30%) with a resulting reduction in 
limb oxygen consumption. 

These findings suggest that this intra- 
arterial vasodilator opens arteriovenous 
shunts, apparently bypassing the capillary 
bed. 


Tihe majority of published observa- 

tions on hemodynamic changes 
in physiologic and pathophysiologic 
conditions of the peripheral vascular 
bed have been made in anesthetized 
animals, although it is well recog- 
nized that therapeutic success in pa- 
tients can often only be evaluated in 
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response to exercise.’ Improved exer- 
cise tolerance is very often the actual 
therapeutic aim. Attempts at phar- 
macologic vasodilation are widely 
used and deserve critical experimen- 
tal evaluation. Recent animal studies 
from this laboratory? showing that 
vasodilating agents increase flow 
across an arterial stenosis at the cost 
of reduced oxygen delivery stimu- 
lated the current study. This study 
was designed to evaluate pharmacolog- 
ic vasodilation under exercise condi- 
tions to approximate more closely the 
clinical objective of attempting to im- 
prove oxygen delivery distal to an ar- 
terial stenosis in response to in- 
creased demand. 


Materials and Methods 


In ten mongrel dogs having an average 
weight of 20 kg, the preparation shown in 
Fig 1 was carried out under intravenous 
barbiturate anesthesia with intratracheal 
intubation for mechanical ventilation. An 
electromagnetic flow probe was placed on 
the ascending aorta to record cardiac out- 
put using a square wave electromagnetic 
flowmeter. Through a midline abdominal 
incision, the aortic trifurcation and the ex- 
ternal iliac arteries were exposed. The me- 
dian sacral artery was cannulated for pres- 
sure monitoring, and both internal iliac 
arteries were ligated. Through an incision 
in the right thigh, femoral collaterals prox- 
imal to the common femoral artery were li- 
gated. A small muscular branch of the 
femoral artery was cannulated for pres- 
sure monitoring. The catheter placed in the 
median sacral artery, as well as that in the 


distal femoral artery branch, were at- 
tached to an inductance-type differential 
pressure transducer to record pressure dif- 
ferences between the distal abdominal 
aorta and femoral artery. Flow probes 
were placed on both external iliac arteries 
and connected to a second dual-channel 
simultaneous square wave flow meter. All 
hemodynamic variables were recorded con- 
tinuously on a multichannel direct writing 
recorder. For purposes of creating a repro- 
ducible exercise model, the femoral nerve 
was isolated close to the common femoral 
artery and the sciatic nerve exposed 
through an incision between the semi- 
tendinosis and biceps femoris muscles. Af- 
ter electrode placement, electric stimula- 
tion was carried out using a square wave 
stimulus with a peak of 4 to 6 v, a duration 
of one tenth of a second, and two-per-sec- 
ond frequency. This resulted in hind- 
paw contractions resembling the normal 
"scratching action.” A very fine catheter 













Cardiac 


Output 
Initial value 109.8+4.C 
30 min after stenosis 109.9+3.5 
Start of stimulation 109.8+3.0 
Start of infusion 109.8+4.0 
15-min infusion & stimulation 115.1+3.8 
30-min infusion & stimulation 118.5=3.7 
30-min rest 112.4+3.5 


60-min rest 110.1=3.5 





* P<.05. 
t P<.001. 
ł P <.01. 
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_ (0.06 em, inside diameter) was introduced 
via the inferior mesenteric artery and di- 
rected distally into the right external iliac 
artery for administerimg the vasodilating 
agent Arterial and venous samples for ox- 
yhemegiobin saturation were drawn 
through the arterial cazheter in che sacral 
artery-and through needle punctures of the 
commen femoral vein. Oxyhemoglobin sat- 
urations were determined at specified in- 
tervals fusing the hemorefiector technique) 
and the hematocrit zoncentration was 
determined using tie _ microcapillary 
method. Blood gas values were determined 
at regular intervals te facilitate correc- 
tions of ventilation if necessary. After cre- 
ation ef a critical arterial stenosis (reduc- 
tion of flow ta a value below 50% of the 
contro! value’) in the right common femoral 
artery 30 minutes were allowed to permit 
stabilization. After this period, stimulation 
of the femora: and sciatic nerve of the 
right kind limb was started and the stimu- 
lation arbitrarily adjusted in sueh a way 
that the exercise produced a doubling of 
the flow through the stenotic vessel. After 
ten minutes of exercise, the infusion of the 
vasedilating agent was started. This con- 
sisted ef a total dose of tolazoline hydro- 
chlorid=* of 0.7 mg/kg infused over a 30- 
minute period. The agemt was dissolved in 
50 ml af saline and administered by a mo- 
tor-driven pump. After both the infusion 
and exercise were terminated, the he- 
modynamic measurements were monitored 
for ancther hour together with further de- 
terminations of oxyhemoglobin saturation 
and hematocrit concentration. Oxygen con- 
sumption for the femoral region was calcu- 
lated from the arteriovenous oxygen dif- 
ference and hemoglohin concentrations 
assuming 1 gm of canne hemoglobin to 
carry L34 ml of oxygen when fully satu- 
rated and assuming a fixed normal eryth- 
roeyte hemoglobin concentraticn. Zero 
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Fig 1.—Experimental preparation. 


flow references were obtained by periodic 
occlusion of the iliac vessels distal to the 
flow probes. The diastolic quiet interval 
was accepted as zero flow reference in the 
ascending aorta. Calibration of the flow 
probes was carried out on excised canine 
arteries using canine blood flowing at rates 
encountered in the experiment. Statistical 
calculations were carried out using the 
Student t test for paired observations. 


Results 


The variables observed during the 
experiment are listed in the Table. 
Oxygen consumption of the resting 
hind limb was 2.52 ml/kg/min. Three 
minutes after creation of the ste- 
nosis, the flow through the stenotic 
vessel was reduced from 6.27 to 2.89 


Summary of Experimental Data (Mean + SD) 


Oxyhemoglobin Saturation, % 


ml/kg/min (a 54% reduction from the 
control value), and the oxygen con- 
sumption of the limb was reduced to 
2.36 ml/kg/min. The exercise in- 
creased oxygen consumption to 5.22 
ml/kg/min, representing a 55% in- 
crease. While exercise continued, the 
infusion of tolazoline was started. Af- 
ter 30 minutes of such infusion, there 
was a further 9% i increase in flow over 
the stenosis as seen in Fig 2 but, con- 
comitantly with this flow increase, 
the oxygen consumption decreased to 
3.65 ml/kg/min, representing a 30% 
decrease from the value just before 
the start of the infusion. During this 
time no significant change in cardiac 
output or proximal aortic pressure oc- 
curred. Differential pressure over the 
stenosis, however, increased during 
exercise from 40.6 to 60.3 mm Hg and 
increased further during the infusion 
period to a peak of 95 mm Hg (Fig 3). 
The effects of the tolazoline infusion 
were still present 30 minutes after 
termination of the exercise and infu- 
sion. Sixty minutes later, the flows 
and the oxygen consumption returned 
to preinfusion and pre-exercise val- 
ues. 


Comment 


The exercise model used in these 
studies proved to be a relatively 
simple one to prepare, as well as 
being stable and reproducible. It 
would seem reasonable, therefore, to 
add the additional challenge of an 
exercise test to experimental eval- 
uations of extremity blood fow and 
oxygen delivery. Although the level 
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Fig 2.—Changes in iliac artery flow, arterial and venous oxyhe- 
moglobin saturation, and oxygen consumption. 


of exercise here performed might be 
qualified as “light” exercise, since it 
could be performed in excess of 30 
minutes with a stable level of oxygen 
consumption, it nonetheless produced 
both flow and oxygen consumption 
changes of such magnitude to make 
experimental evaluation reliable. 
While there is always some hazard 
in applying the adjectives “good” or 
“bad” to any experimental data, the 
finding that the intravascular vasodi- 
lating agent tolazoline, while produc- 
ing a small increase in flow through 
the stenotic vessel during exercise, 
actually caused a reduction in oxygen 
consumption, could hardly be inter- 


1. Shepherd JT: Physiology of the Circu- 
lation in Human Limbs in Health and 
ees Philadelphia, WB Saunders Co, 
963. 

2. Kreuzer W, Schenk WG Jr: Hemo- 


The authors have provided interesting 
data that suggest that even though a vas- 
odilating agent may produce a moderate 
increase in blood flow, this is not neces- 
sarily associated with an increase in oxy- 
gen consumption by the tissues. The pivot- 
al question is, if more oxygen is being 
delivered to the tissues, why do they not 
use it? The opening of direct arteriovenous 
shunts is a possibility, but the presence of 
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preted as being a beneficial response. 
The marked aortofemoral differential 
pressure drop and the relatively small 
flow increase during exercise and in- 
fusion of the vasodilator seem related 
to the change of the geometry of the 
stenosis’ during vasodilation. More- 
over, this condition induces turbu- 
lence behind the stenosis, therefore 
violating the linear relation of pres- 
sure and flow. While no identification 
of flow pathways was performed as a 
portion of this study, the most likely 
hypothesis to explain the observed 
findings would be that the tolazoline 
caused the opening of shunt path- 
ways such that a large portion of the 
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Editorial Comment 


shunts has yet to be demonstrated. An al- 
ternative explanation is that the perfusion 
pressure at the proximal end of the capil- 
laries has been lowered to such a degree by 
the combination of arterial stenosis, vaso- 
dilation from exercise, and further arterio- 
lar dilation by drugs that the pressure is 
inadequate to perfuse large numbers of 
capillaries. All of the blood will pass 
through the widely dilated capillaries with 


blood flowing through the extremity 
did not pass through a capillary bed. 
Whether or not these are identifiable 
as anatomic arteriovenous shunts, 
clearly they function as arteriovenous 
shunts. We are fully aware of the pos- 
sibility that these findings in the 
anesthetized dog may not be trans- 
ferable to the patient with atheroscle- 
rotic occlusive disease. The findings 
do suggest, however, that the design 
of a similar study in human patients 
might be well worthwhile. 


This investigation was supported in part by 
Publie Health Service grants HE-03181 and GM- 
15768. 
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the smallest resistance, leaving other capil- 
laries with slightly higher resistance com- 
pletely shut down. The frequently ob- 
served clinical phenomenon of paradoxical 
increase in symptoms with a vasodilating 
agent in peripheral vascular disease may 
thus be finally explained. 

SAMUEL R. POWERS, JR., MD 

Albany, NY 
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Alveolar Macrophage Function 


in Immunized, Burned Rats 


William A. Skornik, MS, Donald P. Dressler, MD, Boston 


‘The effect of specific immunization on pul- 
monary bacterial susceptibility was investi- 
gated in approximately 500 rats by defining 
the relationship of in vivo lung bacterial 
clearance and mortality to in vitro alveolar 
macrophage function. 

Active immunization protected burned 
rats from the lethal effects of an aerosol ex- 
posure of Pseudomonas aeruginosa. Cor- 
relation of survival with lung bacterial clear- 
ance revealed that enhancement of the 
clearance mechanism takes place following 
immunization. The normal rat’s defense 
mechanism was increased following immuni- 
zation by activating the alveolar macro- 
phages, thereby resulting in increased intra- 
cellular killing, 27% to 67%. 

Following burning, the phagocytic ability 
of the alveolar macrophages of immunized 
rats increased approximately ten times, 
while intracellular killing remained constant. 
These in vitro studies indicate that the most 
significant single factor in determining a fa- 
vorable outcome from aerosol exposure is 
phagocytosis by alveolar macrophages. 


ey 100 years before the de- 
scription of cellular defense 
mechanisms, immunization was suc- 
cessfully established as a potent 
means of protecting the host from 
disease. The discovery of antibiotics 
ushered in a new era of antimicrobial 
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therapy and eventually largely re- 
placed immunization, even while the 
effectiveness of the latter remained 
undeniable. 

Recently, immunization has been 
receiving renewed interest, partic- 
ularly in the treatment of thermal 
injuries.* With the emergence of 
septicemia and death caused by op- 
portunistic organisms of exceedingly 
low virulence, altered host resistance 
due to inadequate defense mecha- 
nisms has been implicated.*-° In fact, 
the failure to control postburn res- 
piratory sepsis, now the major cause 
of death following thermal injury,’ 
suggests that increased susceptibility 
to infection has occurred because of 
altered cellular defense mechanisms. 

In vivo studies of burned rats being 
reported from this laboratory relat- 
ing mortality, susceptibility to pneu- 
monitis, and lung bacterial clearance 
have demonstrated that a severe de- 
fect in pulmonary bacterial defense 
occurs 24 hours following cutaneous 
thermal injury.‘ This increased 
susceptibility to infection gradually 
decreases during the postburn period 
if burn wound sepsis does not inter- 
vene. 

Although several defense mecha- 
nisms are available by which the res- 
piratory tract handles an inhaled bac- 
terial challenge, the resident alveolar 
macrophage already present in the al- 
veolus has been recognized as the 
first line of defense. The neutrophilic 
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response, requiring mobilization and 
migration, is secondary and of great- 
est value in combating already estab- 
lished infections. 

Specific immunization has been 
demonstrated to protect burned rats 
from the effects of burn wound sep- 
sis.’ However, the role immunization 
plays in preventing pulmonary sepsis 
has not been clarified, nor has its ef- 
fect on the underlying defense mech- 
anism (ie, alveolar macrophage) been 
investigated. It was the objective of 
this study to investigate the effect of 
specific immunization on pulmonary 
bacterial susceptibility by defining 
the relationship of in vivo lung bacte- 
rial clearance and mortality to in 
vitro alveolar macrophage function. 


Method 


Animals.—Approximately 500 male, 
Sprague-Dawley rats, bred and raised in 
our vivarium, were utilized for this study. 
They were fed standard rat chow and wa- 
ter as desired. 

Immunization.—Groups of rats weighing 
approximately 100 gm were immunized in- 
tramuscularly by a series of three weekly 
injections with 0.1 ml of viable Pseudo- 
monas aeruginosa. The Pseudomonas or- 
ganisms were grown in Trypticase soy 
broth for approximately 18 hours at 37 C. 
The bacteria were sedimented at 3,500 rpm 
for ten minutes and then washed and cen- 
trifuged three times with 0.85% saline. The 
washed bacteria were resuspended in sa- 
line. The injection schedule consisted of a 
first injection 1 x 10‘ organisms followed 
at weekly intervals by 1 x 10° and 1 x 10° 
organisms. No pathologic signs were ob- 
served at the injection sites. Assessment of 
alveolar macrophage function was carried 
out one week following the final immuniza- 
tion when the rat’s body weight was ap- 
proximately 180 gm. 

Burning.—Rats to be burned were in- 
traperitoneally anesthetized with pento- 
barbital sodium (40 mg/kg) and placed in a 
frame designed to expose 50 sq cm of the 
animal’s back, and immersed in water at 
98 C for ten seconds. This exposure pro- 
duces a uniform, full-thickness burn of ap- 
proximately 20% of a 180-gm rat’s body 
surface. 

In Vitro Alveolar Macrophage Phagocyto- 
sis and Intracellular Killing.—Rats were 
anesthetized with an intraperitoneal injec- 
tion of pentobarbital sodium (40 mg/kg) 
and the neck shaved with a +40 blade elec- 
tric clipper. Following shaving, a tracheos- 
tomy was performed at a level just below 
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Fig 1.—Activated alveolar macrophage 
demonstrating phagocytosis of Staphylo- 
coccus aureus organisms (May-Grunwald 
Giesma, X 1900). 


the cricoid cartilage. Two ligatures of #2- 
0 silk were placed around the trachea and 
the cephalad ligature tied; the trachea was 
entered and a polyethylene catheter (in- 
side diameter, 0.017 cm) was threaded and 
secured by the other ligature to the distal 
tracheal segment. The lungs were lavaged 
by infusing 2 ml of sterile normal saline 
into the lungs through the trachea. The so- 
lution was slowly withdrawn using a plas- 
tic syringe. This process was repeated two 
more times, yielding about 6 ml of lavage 
fluid, which represented about a 90% recov- 
ery of the infused fluid. The lavage fluid 
was then placed in a siliconized tube and 
centrifuged for ten minutes at 3,000 rpm 
and 4 C. The supernatant was removed and 
1.2 ml of minimal essential medium was 
added to the tube. This suspension was 
thoroughly mixed and 0.5 ml added to each 
of two tubes, each containing 0.3 ml of 
minimal essential medium and 0.1 ml 
pooled normal rat serum of P aeruginosa 
solution containing approximately 1 x 10° 
organisms. This latter solution was pre- 
pared by innoculating Trypticase soy broth 
with bacteria and incubating for five hours 
at 37 C. The number of organisms in the 
bacterial solution was determined by the 
spread-plate dilution technique. 

Total alveolar macrophage cell counts 
were determined by using a bright line he- 
mocytometer and differential counts on 
Wright-stained smears performed from an 
aliquot of the cell suspension. 

The bacterial-macrophage suspension 
was then incubated on a tilting table ali- 
quot mixer for 30 minutes at 37 C. At the 
end of this period, the tubes were removed 
and 100ug of streptomycin and 100 units of 
potassium penicillin G were added and the 


tubes reincubated for an additional 15 
minutes. 

The tubes were removed and centri- 
fuged for five minutes at 3,000 rpm and 
4 C. The supernatant (containing anti- 
biotics) was removed and 1 ml of minimal 
essential medium was added and mixed 
thoroughly. This suspension was recen- 
trifuged and “washed” two more times, 
and the resultant supernatant discarded. 

After the third “washing,” one of each 
set of two tubes was reincubated for 30 
minutes, permitting the macrophages to 
kill the already phagocytized bacteria. The 
second or control tube was not incubated a 
second time. Instead, 10.0 ml of sterile dis- 
tilled water was added to this tube to rup- 
ture the cell walls of the macrophages. 
Quantitative determinations of the viable 
(phagocytized) bacteria remaining were 
made by the spread-plate dilution tech- 
nique. 

The ability of the alveolar macrophages 
to kill phagocytized bacteria intracellularly 
was determined by reincubation of the 
companion tubes containing phagocytized 
bacteria and macrophages (Fig 1). 

At the end of the 30-minute period, ster- 
ile distilled water was added to rupture the 
cells, and the viable bacteria released into 
the liquid were quantitated. 

The intracellular killing capacity of the 
macrophages was determined by compar- 
ing the number of viable bacteria phagocy- 
tized after the initial 30-minute incubation 
to the number of viable bacteria remaining 
after the reincubation period. 

Morphological Identification of Macro- 
phage Cells.—Cell type has been dem- 
onstrated to be related to capacity to 
phagocytize and kill (“activation”). The 
macrophages recovered were differentially 
classified using Wright-stained smears ac- 
cording to the following plan: (1) Type O 
cells have a mean diameter of 15u, with a 
range of 10u to 20u. The cytoplasm stains 
very darkly. The nucleus of the type O cell 
is oval and stains dark blue with Wright 
stain, and has a nucleus:cytoplasm ratio of 
about 1:1. The type O cells appear to be un- 
stimulated and distinctly different from 
the more active type 1, 2, and 3 cells. (2) 
Type 1 cells have a mean diameter of 25u 
(10u to 35u range). The cytoplasm stains a 
light blue to a muddy grey, and contains 
numerous small, dark blue granules. Vacu- 
oles are often present, especially at the 
outer border of the cell. Numerous mito- 
chondria, lysosomes, and abundant quan- 
tities of granular endoplasmic reticulum 
are typical of type 1 cells. The nucleus is 
oval or irregular and stains dark blue to 
aqua. The nucleus:cytoplasm ratio is about 
1:3. (3) Type 2 cells have a mean diameter 
of 30u (25u to 40u range). The cytoplasm 
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Fig 2.—Pseudomonas aeruginosa abscess in rat lung after exposure to bacterial aerosol 
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Fig 3.—Average percent of bacteria killed at various times following P 
aeruginosa aerosol challenge in normal burned and burned-immunized 
rats. Each point represents arithmetic mean of 12 rats per group. 
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has fewer granules than the type 1 cell and 
has large green staining inclusion bodies. 
The nucleus is red to pink and has a nu- 
cleus:cytoplasm ratio of about 1:5. (4) The 
type 3 cells have a mean diameter of about 
40u, with a nucleus:cytoplasm ratio of 1:7 
or more. The small, dark red nucleus is sur- 
rounded by a pink cytoplasm packed with 
vacuoles. Previous studies have shown that 
type 1, 2, and 3 cells have an increasing 
ability to phagocytize bacteria (activa- 
tion). 

Macrophage Viability.—The viability of 
the macrophages was assessed by the ca- 
pacity of the viable cells to exclude the 
vital stain eosin Y. One drop of macro- 
phage suspension, pooled normal rat se- 


rum, and eosin Y was placed on a micro- 


scope slide under a cover glass. After 15 
minutes incubation at 37 C, the slide prep- 
aration was examined under the micro- 
scope and the percent viability was deter- 
mined by counting 200 cells. Dead cells are 
readily differentiated because they take up 
the dye and are pink. 

Mortality.—Separate groups of 25 
animals representing each experimental 
group were assigned to the mortality study 
in order to preclude a biased interpretation 
of results. Separate groups of these ani- 
mals were subjected to a bacterial aerosol 
of P aeruginosa one, three, six, and ten 
days following burning. The animals were 
maintained in the laboratory for at least 21 
days postexperimentation. Changes in sus- 
ceptibility were assessed by comparison of 
the mortality. 

Histology.—In order to assess the effect 
of aerosolization on the lung directly, his- 
tologic studies were performed on separate 
groups of animals. The entire respiratory 
system including trachea was removed in 
toto and fixed in 10% normal buffered for- 
maldehyde solution. The tissue was sec- 
tioned at 6u and stained with hematoxylin- 
eosin. 

Lung Bacterial Clearance.—Lung bacte- 
rial clearance studies were performed on 
normal controls and on burned and immu- 
nized-burned rats one day pestburn. The 
method used for determining bacterial 
clearance has been described im detail pre- 
viously.’ In brief, rats were randomly 
placed in wire mesh cages, small enough to 
prohibit any change in orientation, but 
large enough so that norma) respiration 
was not restricted. After a 15-minute accli- 
mation period, the animals were placed in 


the exposure chamber of a multipurpose 


controlled atmospheric chamber designed 
and built in our laboratory. The animals 
were exposed to a bacterial aerosol of P 
aeruginosa for a 30-minute period. In pre- 
vious studies, it has been shown that ap- 
proximately 2 x 10° organisms are aeroso- 
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lized into 1 gm of lung tissue of normal 
unburned animals by this method. At the 
end of the exposure period, the chamber 
was opened and the animals removed. Ani- 
mals to be killed four hours postexposure 
were placed in individual cages in an 
air-conditioned room and given food and 
water ad libitum. Animals to be killed im- 
mediately were given intraperitoneal in- 
jections of pentobarbital sodium (40 
mg/kg). The lungs were removed asep- 
tically and homogenized with 1 ml of 
Trypticase soy broth in a tissue grinder 
while immersed in ice. The homogenate 
was serially diluted and replicate agar 
plates made. They were incubated at 37 C 
for 24 hours. Bacterial retention, and thus, 
clearance, was determined by counting the 
number of viable bacteria in the lungs of 
the rats. 


Results 


When the normal rat, or unburned 
or burned-immunized rat, is exposed 
to an aerosol of P aeruginosa, no 
deaths occur. The infliction of a 20%, 
3 C scald also resulted in no mortal- 
ity. However, exposure of the burned, 
noninfected animal to a bacterial 
aerosol of P aeruginosa on day 1 post- 
burn resulted in a mortality of 50%, 
demonstrating an increased suscepti- 
bility to infection on day 1 postburn. 
As alterations in host defense mecha- 
nisms diminished and returned to 
normal, no mortality occurred on day 
6 postburn, while some mortality 
(18%) occurred when the animals 
were exposed on day 3 postburn. Ac- 
tive immunization provided sufficient 
protection from the lethal effects of 
aerosol exposure so that no deaths re- 
sulted, even when exposed one day 
postburn. Histologic examination of 
the lungs demonstrated that severe 
pneumonitis with multiple abscesses 
developed in all animals dying after 
inhalation of the Pseudomonas aero- 
sol challenge (Fig 2). 

The actual ability of the animals to 
clear an aerosolized Pseudomonas in- 
sult on day 1 postburn is shown in Fig 
3. Normal unburned animals rapidly 
clear bacteria within four hours and 
maintain this rate of clearance until 
the lungs are essentially sterile (48 
hours). Burned animals exposed on 
day 1 clear only 48% of the offending 
organisms in four hours. By eight 
hours they have cleared 98%, but the 
effect is short-lived. By 24 hours, on 
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Table 1.—Effect of Burning on Alveolar Macrophage Cell 
Yield, Viability, and Activation * 


No. of Cells 


Viability, 
o 


Activation, 
° 


Washed From Lung Yo Yo 


Nonimmunized-burned 
(one day postburn) 

Immunized-burned 
(one day postburn) 





* Mean = SD of 25 experiments. 


1.46 + 1.25 X 106 


2.31 + 0.64 X 106 


Table 2.—Effect of Burning on Alveolar Macrophage Phagocytosis 
and Intracellular Killing of P Aeruginosa in Vitro” 


Nonimmunized-burned 
(one day postburn) 

Nonimmunized-burned 
(six days postburn) 

Immunized-burned 
(one day postburn) 





* Mean = SD of 25 experiments. 


the average, there are only 10% fewer 
organisms in the lungs than at the 
time of initial bacterial challenge. 

Immunized-burned rats, like the 
unburned controls, are able to con- 
tend with the Pseudomonas aerosol 
and rapidly clear the lungs of bac- 
teria. 

Following active immunization, the 
alveolar macrophage cell yield in- 
creased slightly from 2.05 + 0.74 x 
10° to 2.87 + 0.53 x 10°. Viability 
increased from 91% + 7% to 94% + 5%. 
Activation increased markedly from 
32+ 5 to 54+ 8 (P<.01). 

The alveolar macrophages of the 
nonimmunized, unburned rat were 
capable of phagocytizing 7.8 + 2.4 x 
10° Pseudomonas organisms. Of 
the organisms phagocytized, only 
27% + 10% were killed in 30 minutes. 
In contrast, following phagocytosis, 
alveolar macrophages from immu- 
nized rats were able to kill 
6.5 + 1.8 x 10° or 67% + 8% (P<.01). 
It appears, therefore, that active im- 
munization with live P aeruginosa 
benefits the defense mechanism of 
the rat’s lung by activating the alveo- 
lar macrophages and thereby result- 
ing in increased intracellular killing. 

The effects of a cutaneous burn on 
the cell yield, viability, and activation 
of the alveolar macrophages of non- 
immunized and immunized rats are 
shown in Table 1. One day following 


Phagocytosis 


Intracellular 
Killing, % 


3.0 + 0.9 X 103 


4.2+1.2 X 105 


3.5+0.8 X 104 


burning there was a slight drop in re- 
eoverable alveolar macrophages in 
both nonimmunized and immunized 
rats. Similarly, there was a slight in- 
crease in the percent activation of 
these cells. However, the major bene- 
fit that immunization provided 
burned animals was in increased 
phagocytosis of P aeruginosa (Table 
2). 

The phagocytic ability of alveolar 
macrophages of immunized rats in- 
creased approximately ten times, 
while the percent of intracellular kill- 
ing remained fairly constant. It ap- 
pears that increased phagocytosis 
also protects rats six days postburn 
from the lethal effects observed one 
day postburn. The intracellular kill- 
ing of burned-nonimmunized rats six 
days postburn remained unchanged 
(49%), while an additional ten-fold in- 
crease in phagocytosis occurred 
(4.2 + 1.2 x 10°). 


Comment 


The reliability of lung bacterial 
clearance studies following in vivo ex- 
posure of rats to an aerosol of P 
aeruginosa has again been demon- 
strated. Normal rats exposed to P ae- 
ruginosa do not die and have a pre- 
dictable rate of clearance of the 
offending bacterial inoculum. Fur- 
thermore, burned animals (20% of 
body surface area) have no mortality 
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unless purposely exposed to a Pseudo- 
monas aerosol. As a result of this 
aerosol exposure, the rats die of 
Pseudomonas pneumonitis, and again 
a predictable mortality results. These 
studies examining the clearance of 
aeroselized bacteria from the lungs of 
rats supply useful ia vivo data, but do 
not separate the individual compo- 
nents that participate in the immune 
defense of the lung. Obviously, mul- 
tiple factors are operative in the de- 
fense of the respiratory tract from 
bacterial invasion and phagocytic 
cells (ie, alveolar macrophages) are 
nly one component of pulmonary 
host defense mechenisms. 

Active immunization has been 
showa to protect burned rats from 
the lethal effects of an aerosol expo- 
sure of P aeruginesa. Correlation of 
survival with the lumg bacterial clear- 
ance studies indicates that enhance- 
ment of the clearance mechanism 
takes place following immunization. 
In vitro studies have shown that the 
most important single factor in de- 
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termining a favorable outcome from 
aerosol exposure is phagocytosis by 
alveolar macrophages. It appears that 
intracellular killing and cell yield, al- 
though both are necessary for ulti- 
mate handling of the P aeruginosa 
challenge, play a secondary role to in- 
creased phagocytosis. In fact, it is in- 
teresting to note that six days follow- 
ing burning, nonimmunized rats are 
able to effectively clear a Pseudo- 
monas challenge and no deaths result. 
This may in part be explained by the 
fact that while intracellular killing 
remains normal (49%), a 100-fold in- 
crease in phagocytosis has occurred. 
Therefore, it appears that phagocyto- 
sis is the mainstay of a successful 
host defense against P aeruginosa 
challenge, and enhancement of this 
defense is provided by specific immu- 
nization. 

Phagocytosis and bactericidal ac- 
tivity of alveolar macrophages, al- 
though of principal importance in pul- 
monary host defense, do not fully 
explain the marked reduction in mor- 
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ing immunization. Therefore, other 
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seems necessary to assess the role of 
antibody, particularly IgG and IgA. 
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immunoglobulin with very efficient 
agglutinative antibody activity, is 
not part of the immune response of 
the normal human lung. Recently, af- 
ter vaccination, a neutralizing anti- 
body in nasal secretions has been 
identified as secretory IgA, and with 
acute respiratory infections, antibody 
was found in the IgG class, too.” Fur- 
thermore, the activity of the pulmo- 
nary surfactant fractions, partic- 
ularly dipalmitoyl lecithin in addition 
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A New Method for Covering Large 
Surface Area Wounds With Autografts 


I. In Vitro Maltiplieation of Rabbit-Skin Epithelial Cells 


Aaron E. Freeman, PhD; Howard J. Igel, MD; Neil L. Waldman; Andrew M. Losikoff, Akron, Ohio 


Ir cases of extensive skin burns, there 
may not be sufficient viable skan to use as 
autografts. As a soluton to this problem, we 
proposed that skin could be pmopagated in 
vitro, and the milliors of cells thus grown 
could be used as autografts. The feasibility 
of this approach has seen studied with rab- 
bit skin. Under tissee culture conditions, 
smail pieces of rabbit skim attach to support- 
ing surfaces and prolierate to farm layers of 
epithelial cells. A satisfactory supporting 
surtace is the dermis of frozen porcine skin. 
With proper conditions, rabbit epithelial cell 
surface area can be expamded b“ a factor of 
50 within 7 to 21 days. 


ee applicatior. of &in auto- 
grafts is the best method for 
covering deep, large suriace area 
wounds, such as these imluced by 
third-degree burns.’ The larger the 
area of damaged surface, however, 
the more difficult t becomes to find 
donor skin for the autograf=. Thus, it 
is important to seek metheds to in- 
erease the surface area that the auto- 
graft ean cover. The expansion mesh 
graft technique has been used to yield 
wound coverage at razios renging up 
to 9:1*; however, ewen this method is 


inadequate for complete primary cov- 
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erage in cases of extensive skin 
burns. We investigated the propaga- 
tion of skin cells under tissue culture 
conditions for possible eventual use 
as epithelial cell autografts. In this 
article, we report a new method for 
preparing, in vitro, skin autografts 
that have yielded a coverage of 50:1 in 
animal experiments. (see also page 
724). 


Materials and Methods 


Supporting Surfaces.—The plastic sup- 
porting surfaces were copolymer of eth- 
ylene vinyl acetate, copolymer of ethyl 
hexyl acrylate/acrylonitrile, and polyvinyl 
chloride plastic films. Rabbit-skin support- 
ing surfaces were full-thickness homolo- 
gous rabbit skin taken from New Zealand 
White rabbits after they had been 
anesthetized, shaved, depilated with cal- 
cium thioglycollate, and prepared for sur- 
gery. The pigskin supporting surfaces 
were fresh frozen pigskin stored at - 70C 
until the time of use. 

All supporting surfaces were cut to fit 
60- or 100-mm glass Petri dishes. Dishes 
containing plastic film were sterilized by 
autoclaving. Rabbit-skin and pigskin sup- 
porting surfaces were placed (dermal side 
up, epithelial side down) in the dishes and 
covered with Eagle minimum essential me- 
dium (EMEM),’ supplemented with 100 
units/ml penicillin G potassium, 100ug/ml 
streptomycin, and 10% fetal bovine serum 
(complete EMEM). Supporting surfaces 
were anchored to the floor of the Petri dish 
with glass rods, or with plastic or stainless 


steel spring rings. The frozen porcine skin 
was presoaked in complete EMEM at 36.5C 
for one week before being used as a sup- 
porting surface for rabbit epithelial cells. 

Growth of Donor-Skin Epithelial Cells on 
Supporting Surfaces.—Approximately 3 sq 
cm of full-thickness rabbit skin were sur- 
gically excised from the donor rabbit after 
it had been carefully anesthetized, shaved, 
depilated with calcium thioglycallate, and 
prepared for surgery. The skin, suspended 
in complete EMEM, was cut into fine 
mince (<= 1 cu mm) with a scissors. With a 
sterile scalpel, the minced skim derived 
from each square centimeter of donor rab- 
bit skin was distributed uniformly over 50 
sq cm of supporting surface. Then the me- 
dium was drained from the Petri dish so 
that the supporting surfaces were barely 
submerged. As a result, the explants were 
bathed by capillary action, and did not 
float from site to site. The cultures were in- 
cubated at 36.5C in an atmosphere of 5% 
carbon dioxide in air, relative humidity 
60%. On Mondays, Wednesdays, and Fri- 
days, the medium was carefully removed 
with a vacuum line powered draw-off pi- 
pette, and the cultures were refed with 
complete EMEM. At the same time inter- 
vals, sections were taken routinely for his- 
tologic evaluation. In certain experiments, 
supplementary histologic sections were 
taken at other time intervals. 


Results 


Growth of Rabbit Epithelial Cells on 
Plastic Supporting Surfaces.—Of the 
four plastic films tested, mince did 
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not attach to, and no cells grew on the 
surface of copolymer of ethylene vi- 
nyl acetate and copolymer of ethyl 
hexyl acrylate/acrylonitrile. A few 
pieces of mince attached to polyvinyl 
chloride treated with surfactant, but 
very few cells grew on the film. Occa- 
sionally, some of the mince did attach 
to polyvinyl chloride without surfac- 
tant treatment; and, after 10 to 14 
days, the entire surface of the plas- 
tic film was covered with a mixed 
monolayer of epithelioid and fibroblas- 
tic cells. Similar growth results were 
obtained with a variety of polyvinyl 





Fig 1.—Top view of dead pigskin with liv- 


ing rabbit skin attached and growing. Clear 
areas represent zones in which pigskin col- 
lagen has been digested ( x 1.3). 








722 Arch Surg/Vol 108, May 1974 





chloride films prepared by both extru- 
sion and cast methods. These cell-cov- 
ered plastic films were used in animal 
experiments, the results of which are 
reported elsewhere’ (see page 724). 
Growth of Rabbit Epithelial Cells on 
Rabbit-Skin Supporting Surfaces.—A 
fine mince of skin from a donor rabbit 
was overlaid (at a 1:50 expansion ra- 
tio) onto living rabbit-skin support- 
ing surfaces freshly prepared from 
another New Zealand White rabbit. 
Many pieces of mince attached to the 
rabbit-skin supporting surfaces, but 
we could not determine by gross ex- 


amination whether there had been 
any outgrowth of epithelial cells. 
After eight days, this rabbit-skin 
supporting surface, with donor-skin 
mince attached, was used to repair a 
surgically-inflicted wound in the do- 
nor rabbit (see page 724). 

Growth of Rabbit Epithelial Cells on 
Pigskin Supporting Surfaces.—A fine 
mince of skin from a donor rabbit was 
overlaid (at a 1:50 ratio) on porcine 
skin that had been presoaked in com- 
plete EMEM for seven days. Within 
several days, most of the explants be- 
came attached to the pigskin support- 


Growth of Rabbit Skin Epithelial Cells: Summary of Results 


Supporting Surface 
Copolymer of ethylene vinyl acetate 


Copolymer of ethyl 
hexyl acrylate/acrylonitrile 


Polyvinyl chloride with surfactant 


Experiments 


No. of Surfaces 
Showing Epithelial 
Growth* /Total No. 
of Surfaces Tested 


2 0/8 


No. of 


0/8 
0/16 


Polyvinyl chloride without surfactant 4/24 


Rabbit skin 
Frozen porcine skin 





4/4 
19/19 


* Epithelial growth is defined as extensive coverage within 21 days in culture. 


Fig 2.—Histological cross sections of replicates of preparation shown in Fig 1. Top left, Af- 
ter one day, pieces of rabbit skin are not attached to pigskin, and no outgrowth of rabbit 
epithelial cells can be seen (hematoxylin-eosin, x 125). Top right, After five days, pieces of 





rabbit skin are loosely attached to pigskin, 
and a few rabbit epithelial cells (arrows) 
can be seen growing on supporting surface 
(hematoxylin-eosin, X 125). Bottom left, Af- 
ter 15 days, pigskin supporting surface is 
virtually covered with thin layer of rabbit 
epithelial cells (short arrows). Note marked 
loss of derma! collagen (long arrows). These 
areas correspond to clear zones illustrated 
in Fig 1 (hematoxylin-eosin, x 125). Bottom 
right, Section from Fig 2, bottom left, 
demonstrating epithelial structure of cells 
(hematoxylin-eosin, x 600). 
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ing surfaces. Progressively enlarging 
clear areas on the pigskin supporting 
surface surrounded many of the do- 
nor-skin explants (Fig 1). Sequential 
histological sections reveaed the fol- 
lowing: At day 1, the pieces of donor 
skin were not attached to zhe pigskin 
supporting surface, end nc outgrowth 
of donor rabbit epithelial cells could 
be seen (Fig 2, top left). Ac day 5, the 
mince was loosely attachec to the pig- 
skin supporting surface, and a few 
donor rabbit epithelial cels had mi- 
grated or grown on the pgskin (Fig 
2, top right). At 12 deys, there was ex- 
tensive outgrowth of a cme or two 
cel!-thick layer of epithelia cells from 
the explants. At 15 days, “he pigskin 
supporting surface was virtually cov- 
ered with a thin layer of denor rabbit 
epitehlial cells (Fig 2, bottem left and 
bottom right). There was a separa- 
tion of the pigskin dermS and epi- 
dermis due to digestion oz the colla- 
gen bed lying directly underneath the 
outgrowth of epithelial cells. Those 
areas in which the ccllagen had been 
digested represent the cear areas 
that were visible by macroscopical ex- 
amination in Fig 1. Repsesentative 
samples of these rabbit epithelial cells 
growing on pigskin suppcrting sur- 
faces were then tested as autografts 
in vivo (see page 724). 


Comment 


This work was based on tne hypoth- 
esis that normal skin taken from a 
patient with large surface area skin 
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wounds could be propagated in vitro, 
and the millions of tissue culture cells 
thus grown could be utilized as auto- 
grafts to cover the wound. Although 
this is a simple concept, it is techni- 
cally very difficult to propagate epi- 
thelial cells of any kind under tissue 
culture conditions. Perhaps for this 
reason we were able to find few refer- 
ences related to in vitro survival of 
skin epithelial cells.*° In this article, 
we present evidence that small pieces 
of minced skin not only remain viable 
under tissue culture conditions, but 
also migrate and proliferate from the 
explants onto a supporting surface. 
The best supporting surfaces of the 
ones tested are the natural collagen 
beds associated with intact sheets of 
fresh or frozen skin (Table). Since do- 
nor-skin fibroblasts are not seen on 
pigskin supporting surfaces, it may 
be that the pigskin dermal collagen is 
a preferential substrate for epithelial 
cells. The gradual digestion of the col- 
lagen is presumably related to the 
proliferation of donor epithelial cells 
because only those areas that are 
epithelialized become digested. The 
mechanism of this process is under 
current investigation. Final evidence 
that the donor-skin cells grown in 
vitro can be used as autografts de- 
pends on experiments using these 
cells in the surgical repair of wounds. 
(For detailed evidence of these in vivo 
experiments, see page 724). 

These experiments have been with 
rabbit cells, not with human cells. 


However, we conclude that similar 
studies may also be successful with 
human skin and, indeed, some prelim- 
inary studies with human-skin cells 
indicate that they also can be grown 
on pigskin supporting surfaces. 

In the details of this article, we 
have only reported the use of primary 
cell cultures derived from small ex- 
plants. This procedure has yielded au- 
tografts at a coverage ratio of 50 sq 
em of coverage for each square cen- 
timeter of original skin. Preliminary 
studies of secondary epithelial cul- 
tures indicate that this coverage ratio 
may be further enlarged signifi- 
cantly. 


This investigation was supported in part by 
the United Fund Cancer Society of Summit 
County and the Kramer-Allen Memorial Foun- 
dation. 
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A New Method for Covering Large 
Surface Area Wounds With Autografts 


II. Surgical Application of Tissue Culture 
Expanded Rabbit-Skin Autografts 
Howard J. Igel, MD; Aaron E. Freeman, PhD; Clifford R. Boeckman, MD; 
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The coverage of large surface area skin 
wounds with autograft skin is limited by the 
amount of available viable donor-site skin. A 
small amount of donor-site epithelium can 
be expanded many times over by cultivation 
in tissue culture on sheets of skin allografts 
or xenografts. Experiments performed in 
rabbits indicate that such autograft-allo- 
grafts or autograft-xenografts can be trans- 
planted to large surface area wounds with 
essentially complete epithelial coverage of 
the wounds within two to three weeks, even 
with wound surface area coverage 50 times 
the surface area of donor-site skin. 


he currently employed skin 
grafting procedures for large 
surface area wounds such as burns 
provide for recipient-site/donor-site 
autograft surface area ratios of 1:1 up 
to 9:1, depending on the expansion 
technique.’ In most cases of large 
skin defects, autograft coverage can 
be obtained only by the tedious and 
prolonged method of multiple graft- 
ing procedures. Abortive attempts to 
enlarge the area of coverage by a 
given amount of donor-site skin have 
met with equivocal results.2-* The 
need for a rapid method of epithelial 
coverage in greater than 50% burns is 
especially critical because of the high 
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rate of intercurrent fatal complica- 
tions during the long course of mul- 
tiple grafting procedures. 

We have previously described 
methods for growing rabbit-skin epi- 
thelial cells on supporting surfaces 
under tissue culture conditions (see 
page 721). The epithelial cells were 
successfully expanded by a factor of 
50 by in vitro cultivation over a one- 
to three-week period. In this article, 
we report on the surgical utilization 
of these tissue culture grown auto- 
grafts for covering experimentally 
inflicted skin wounds. These stud- 
les indicate that such autografts 
markedly accelerate epithelial cov- 
erage of large wound defects. 


Materials and Methods 


New Zealand White rabbits weighing 
approximately 3.2 kg (7 lb) each were 
housed in standard cages and fed rabbit 
ration. For surgical procedures, the rabbits 
were anesthetized with pentobarbitol so- 
dium (50 mg/ml) administered by intrape- 
ritoneal injection. Individual rabbits re 
quired widely varying doses of anesthetic 
before reaching the desired stage of anes- 
thesia; however, 4 ml was the dose most 
often effective. The surgical field was 
shaved, depilated with calcium thioglycol- 
late, scrubbed, and wiped with 70% ethyl 
aleohol. 

Preparation of Tissue Culture Expanded 
Autografts.—Tissue culture expanded auto- 
grafts were prepared as described else- 
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where (see page 721). In summary, plastic 
films, homologous rabbit skins, or hetero- 
legous porcine skins were placed in glass 
Petri dishes (Fig 1,aa), covered with Eagle 
minimum essential mecium, supplemented 
with 100 units/ml potassium penicillin G, 
106ug/ml streptomycin, and 10% fetal 
bovine serum, and used as supporting 
surfaees for growing donor-skin epithelial 
cells in a 36.5 C humidified carbon dioxide 
incubater. A small ellipse of full-thickness 
donor skin (approximately 3 sq cm) was 
surgically excised from the subject rabbit 
(Fig l,a), scissored inte small pieces (Fig 
1,5), and evenly spread vbn the plastic films, 
or on the dermal natura. collagen beds (Fig 
1,c) provided by the homologous or hetero- 
lozous skin supporting surfaces. Within a 
few days, the donor ra bit-skin mince at- 
tached to some of the sapporting surfaces, 
anc epithelial cells began to grow on the 
supporting surface (Fig 1,d and e). After 
variable lengths of time, the tissue culture 
expanded skin cells were used as auto- 
grafts. 

Grafting Procedure.—To create the 
wound, a full-thickness circular window of 
skin (6 em or 10 cm in diameter) was ex- 
cised, removing the epidermis and all skin 
appendages, leaving cnly a thin colla- 
genous base. The tissue culture expanded 
autograft on the supporting surface was 
plaeed on the wound wizh the living rabbit 
cells placed against the wound bed; thus, 
the supporting surface served as a barrier 
between the autograft and the external 
environment (Fig 1,f). The grafts were 
sewn into position with 4-0 silk, then held 
in place with petrokatum-impregnated 
gauze sponges, and wrapped with 10-cm 
elastic bandages. As controls, identical 
supporting surfaces wichout attached au- 
togzraft skin cells were epplied to the same 
rabbit. Thus, each rabbit had from two to 
four wound areas; seme covered only with 
the supporting surface (plastic film, allo- 
graft rabbit skin, or pigskin), and some 
covered with these same materials on 
which minced autografts had been grown 
in tissue culture. After 13 to 19 days, the 
rabbits were killed, and the entire grafted 
wound areas, along with surrounding nor- 
mal skin, were removec and fixed in 10% 
formalin. Each wound area was serially 
sectioned at 3-mm intervals, and the entire 
area was processed fcr histologic eval- 


uation (Fig 1,g). 


Results 


Autografts on Polyvinyl Chloride 
Plastic Films.—Multiple experiments 
were attempted with donor rabbit skin 
grown on polyvinyl chloride plastic 
films. By gross examination at 
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weekly intervals, no differences were 
noted between those wounds covered 
with the tissue culture expanded au- 
tografts, and those wounds covered 
only with control plastic films. 


Histological evaluation of the 
wounds revealed that a few small 
pieces of the tissue culture mince had 
survived, and in a few cases, small 
areas of epithelium were seen grow- 
ing from the donor-skin explants. 
Most of the wounds, however, had no 
epithelial cover. Examination of one 
plastic film, removed after 19 days on 
the rabbit, revealed that virtually all 
of the tissue culture grown cells, still 
viable, remained firmly attached to 
the plastic surface. 

Autografts on Rabbit-Skin Support- 
ing Surfaces (Autograft-Allograft).—In 
this experiment, the donor rabbit- 
skin mince was grown in vitro for 
eight days prior to grafting. Re- 
peated gross examinations after 
grafting revealed no evidence of in- 
fection in either the wounds covered 


Fig 1.—Typical procedure for preparation and application of tissue culture 
expanded autografts. Fresh frozen porcine skin is thawed, cut into circles, 
placed dermal side upin glass Petri dishes, and soaked for seven days in complete 
Eagle medium (aa). Small strip of full-thickness donor skin is surgically excised (a) 
from subject rabbit. Skin is minced into pieces smaller than 1 cu mm (b) and 
placed on dermal side of presoaked pigskin (c). In a few days epithelial cells grow, 
and progressively enlarging clear areas develop under epithelial layer (d,e). 
After seven days, autograft-xenograft is removed, inverted, and used to repair 
full-thickness wound inflicted at time of surgery (f). After additional 14 days, 
histological evaluation of wound reveals that healing is virtually complete (g). 












with autograft-allograft, or in the 
wounds covered only with the control 
rabbit-skin allograft. By the end of 
the 13-day course of this experiment, 
the external surfaces of both control 
windows demonstrated marked con- 
tracture compared to the experimen- 
tal windows. 

On killing the rabbit 13 days fol- 
lowing surgery, histological studies 
revealed marked differences between 
the wounds covered with autograft- 
allograft, and the wounds covered 
by control allograft. In a composite 
photomicrograph of a complete cross 
section of a wound covered only by al- 
lograft (Fig 2, top), normal skin can 
be seen on either side of the wound. 
From the line of surgical excision, 
ingrowth of epithelial cells from the 
normal skin can be seen (Fig 2, bot- 
tom right). However, after 13 days, 
only the margins of the wound had 
healed. The major unhealed portion of 
the wound covered by the dead allo- 
graft was composed of granulation 
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Fig 4.—Top, Cross section of 14-day-old autograft-xenograft showing complete epitheliali- 
zation of wound. Note that xenograft has completely sloughed, and there is.no acute in- 
flammatory infiltrate. Bottom, Cross section of xenograft used as control graft for Fig 4, 
top. Note that there is no epithelialization of wound. Instead, there is exuberant formation 
of granulation tissue and inflammatory infiltrates beneath necrotic xenograft (hematoxylin- 


eosin, X 300). 





tissue and extensive chronic in- 
flammatory infiltrates, with a band of 
neutrophilic infiltrate lining the un- 
dersurface of the allograft (Fig 2, 
bottom left). 

A similar cross-section (Fig 3, top) 
of a wound covered by an autograft- 
allograft also revealed an area of 
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healing from the margins of the 
wound (Fig 3, bottom right). In con- 
trast to the allograft control, how- 
ever, most of the wound was covered 
by epithelium (Fig 3, top and bottom 
left) generated from the tissue cul- 
ture expanded autografts (see page 
721). Even though the rabbit was 


killed only 13 days following graft- 
ing, the wound area was 90% reepi- 
thelialized, and 85% of this was 
provided by the autografts. Based 
on wound areas, this represents an 
epithelial coverage approximately 50 
times greater than the surface area 
of donor skin. " 

Higher power magnification dem- 
onstrated the orderly growth of the 
autograft epithelium with normal 
maturation from the basal cell layer 
to the granular and horny layers (Fig 
3, bottom left). Granulation tissue 
and scattered inflammatory infil- 
trates formed the base for the new 
epidermis; however, the extent of the 
reaction to the wound was consid- 
erably less than that noted in the con- 
trol allograft. In addition, the allo- 
graft overlying the new epidermis 
had largely sloughed within the 13- 
day course of the experiment, and the 
intense acute inflammatory infiltrate 
noted at the base of the control allo- 
graft was markedly reduced in the 
autograft-allograft. 

In these early experiments, an oc- 
casional piece of the autograft ex- 
plant became entrapped in the granu- 
lation tissue forming well-defined 
epidermal cysts (Fig 3, top, arrows). 
Some of these cysts were in continu- 
ity with the surface epithelium, while 
others were completely surrounded by 
connective tissue. In subsequent ex- 
periments, formation of these cysts 
was virtually eliminated by reducing 
the size of the autograft explants. 

Autografts on Pigskin Supporting 
Surfaces —_ (Autograft-Xenograft).—In 
two separate experiments, rabbit do- 
nor skin was grown on frozen-thawed 
pigskin for two and 21 days. After in 
vitro culture, these autograft-xeno- 
grafts, along with appropriate con- 
trols, were transplanted back to the 
donor rabbit. After approximately 
two weeks of in vivo observation, the 
control xenografts became dry, con- 
tracted, and tightly adherent to the 
underlying granulation tissue. Un- 
derneath the pigskin, the wounds ap- 
peared to be serous and raw. How- 
ever, the xenografts overlying 
autograft explants became soft, 
pliant, and were virtually dis- 
integrated after two weeks. By gross 
examination, the wounds seemed to 
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be covered by a thin layer cf new epi- 
thelium. 

After killing the animals 14 to 18 
days after graftinz, histolcgical eval- 
uation confirmed the gross observa- 
tion that the autograft-xenografts 
had virtually covered the wounds 
with new epithelium. Microscopical 
ndings of the xenograft controls and 
autograft-xenografts were very sim- 
Jar to those observed in the allograft 
eontrol and autozgraft-allograft ex- 
seriments. The epithelial cells from 
she autograft-xenograft regenerated 
very rapidly, prcviding an orderly 
apithelium with normal maturation 
“Fig 4, top). In eontrast, the xeno- 
zraft control shewed oniy intense, 
acute, and chrenie inflammation and 
granulation tissue at the dase of the 
xenograft (Fig 4, bottom). This reac- 
tion was even more exuberant than 
that noted with the rabbit allograft 
control. } 


Comment 


In every experiment attempted, 
tissue culture expanded autografts 
grown on rabbit-skin or pigskin sup- 
porting surfaces >rovided essentially 
complete epithelial coverage of ex- 
perimentally induced wounds (Table). 
Based on surface area, the coverage 
provided in these experiments was 50 
sq cm of cover fcr every square cen- 
timeter of donor skin.’ Further devel- 
opment of the tissue culture methods 
and variation ef the duration of in 
vivo transplantation may result in 
even greater ratios of coverage. 


1. Snyder WH, Bowles BM, MacMillan 
BG: The use of expension meshed grafts in 
the acute and recorstructive management 
of thermal injury: A clinical evaluation. J 
Trauma 10:740-750, 1970. 

2. Artz CP, Moncrief JA: Eepair of full 
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Summary of Experiments Using Tissue Culture Expanded Autografts 


Days on Rabbit Successful 
at Time of © Growth* No. of 
Days in Histological Attempted 
Tissue Culture Evaluation Grafts 

Autograft-allograft 8 E. 2/2 
Allograft alone 8 13 0/2 
Autograft-xenograft 2 18 2/2 
Xenograft alone 2 18 0/2 


Autograft-xenograft 21 14 1/1 
Xenograft alone 21 14 0/1 


-P> yE 








* Essentially complete epithelialization of skin defect. 


These experiments were carried out 
in rabbits, but are being extended to 
include minipigs, whose skin more 
closely resembles that of man. One 
obvious area of possible application of 
this newly developed grafting tech- 
nique concerns the treatment of large 
surface area burns. Indeed, this work 
was initiated with that as one of its 
goals. Although we have not yet ap- 
plied these techniques for the reepi- 
thelialization of burned skin, surgical 
excision of third-degree burns would 
provide an open wound similar to that 
produced in our experiments. 

It has been reported that pigskin 
xenografts left in place on human pa- 
tients for more than a few days pro- 
duce an exuberant granulation tissue 
response.’ We observed the same phe- 
nomenon with porcine-skin xeno- 
grafts on rabbits. Our rabbit experi- 
ments showed a lesser inflammatory 
response to allograft skin than to 
xenograft skin, perhaps because the 
allograft skin is less antigenic. 

These experiments indicate that 
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the use of tissue culture expanded au- 
tografts greatly facilitates epithelial 
coverage of wounds. Utilizing the 
same techniques, any size wound 
theoretically could be epithelialized in 
approximately two to three weeks. In 
any autografting technique, the lim- 
iting factor for the coverage of large 
wounds is the amount of donor skin 
available. Currently, the highest ex- 
pansion ratio clinically employed is 
9:1 with the expansion mesh tech- 
nique.’ With such expansion, healing 
is delayed, and extensive scarring re- 
sults. In addition, since the autograft- 
xenografts were equally effective af- 
ter two and 21 days in culture, there 
may be considerable. latitude in ap- 
plying the autografts to suit the par- 
ticular clinical situation. Application 
of these methods to human patients 
with full-thickness skin loss should 
result in rapid autografting with 
smaller donor sites and fewer oper- 
ative procedures. 
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Surgical Treatment of 
Staphylococcus aureus Endarteritis 


In a Hemodialysis Arteriovenous Fistula 


Norman A. Silverman MD; J. Caulie Gunnells, Jr., MD; 


A patient developed Staphylococcus 
aureus endarteritis complicating a hemodi- 
alysis arteriovenous fistula. The principle of 
quadripolar ligation and excision was suc- 
cessfully applied. Early recognition and sur- 
gical treatment of this complication can 
prevent the development of bacterial endo- 
carditis. 


he radial artery to cephalic 

vein fistula devised by Brescia et 
al in 1966 has become the preferred 
mode of access to the circulation for 
patients undergoing chronic hemodi- 
alysis.’ This technique was presented 
as an alternative to the Teflon-silicone 
elastomer external shunt introduced 
by Quinton et al.” The internal fistula 
has decreased morbidity and vascular 
access problems associated with the 
use of external shunts, particularly 
infection, thrombosis, false aneu- 
rysm, hemorrhage, and skin erosion. 
As more fistulas are being used, how- 
ever, complications of this procedure 
are being reported with increasing 
frequency. 

Congestive heart failure, aneu- 
rysm, incapacitating edema, and ra- 
dial artery steal have all been de- 
scribed as complications of forearm 
arteriovenous fistulas.**> These are 
not unexpected in light of the path- 
ophysiology of arteriovenous commu- 
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nications in general. The high flow- 
low resistance hemodynamics of an 
arteriovenous fistula will lead to these 
complications in direct proportion to 
the size and magnitude of flow in the 
fistulous circuit. Because of the small 
size of the fistula devised by Brescia 
et al, it is not surprising that these 
hemodynamically governed complica- 
tions are relatively rare. These prob- 
lems can usually be dealt with by 
modification of the existing fistula or 
construction of a new one. 

Bacterial endarteritis and endocar- 
ditis have long been known to be as- 
sociated with arteriovenous commu- 
nications. It is the purpose of this 
article to report successful surgical 
treatment of a patient who developed 
Staphylococcus awreus endarteritis in 
a radial-cephalic fistula, and to dis- 
cuss this complication based on this 
report and others in the literature. 


Report of a Case 


A 23-year-old white woman developed 
systemic lupus erythematosus at age 15, 
manifested by lymphadenopathy, arthritis, 
and malaise. Manifestations of lupus ne- 
phritis appeared at age 16. Corticosteroid 
treatment reversed all but the renal mani- 
festations of her disease. In January 1972, 
her symptomatic uremic hypertension and 
left ventricular failure necessitated en- 
trance into the hemodialysis program. At 
this time, the blood urea nitrogen (BUN) 
value was 102 mg/100 ml; plasma creati- 
nine value, 19 mg/100 ml; and creatinine 
clearance, 3.9 ml/min. A radial artery- 
cephalic vein fistula was created at the left 
wrist on Feb 1, 1972. On Oct 22, a cadaveric 
renal allograft was implanted into the 
right iliac fossa. Initial immunosuppression 
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was comprised of azathioprine, (2 mg/ 
kg/day) and prednisone (60 mg/day). The 
allograft never functioned normally. Max- 
mum creatinine clearance was 10 ml/min 
en day 17, and there was essentially no re- 
sponse to high desage steroics and 600 
rads to the allograft was required. Hyper- 
sension increased and became more resist- 
ant to medical treatment. On Jan 20, 1973, 
bilateral nephrectomies and transplant ne- 
ohrectomy were performed with an un- 
ecmplicated postoperative course except 
‘or fever and a right lower pulmonic infil- 
erate that responded te cephalexin mo- 
nehydrate. Beginning Feb 5, the patient 
developed spiking fevers to 38.3 to 38.9 C 
(201 to 102 F} without any localizing symp- 
coms, physieal findings, or roentgen- 
egraphic abnormalities. Empirical courses 
ef antibiotics were given without resolu- 
sion of the fever. She continued to be satis- 
*actorily dialyzed through her fistula. On 
April 7, the patient was readmitted to 
Duke Hospital. Daily fever spikes to 38.9 to 
20.0 C (102 to 104 F) occurred without re- 
sponse to clindamycin hydrochloride hy- 
drate. A mildly tender 4x 8-em subcutane- 
eus pulsatile mass was palpable at the 
stula site. No signs cf septic embolus nor 
cardiac murmurs were observec. Staphylo- 
coccus aureus grew from six blood cul- 
sures. A clinieal diagnosis of bacterial end- 
arteritis in the fistula was made, and on 
April 11, she underwent quadripolar liga- 
sion and excision of the fistula. Staphylo- 
soccus aureus grew from a culture of the 
aneurysm. She was afebrile on the first 
pestoperative day. On April 26, an arterio- 
venous fistula was constructed by end-to- 
end anastomosis of th2 radial artery to the 
eephalic vein in the left forearm, and the 
new fistula has been in use for three 
months without difficulty. 


Comment 


The surgical therapy of bacterial 
endarteritis complicating arterio- 
venous fistula was first reported by 
Jamman and Riennof who described 
a cure of Streptococeus viridans septi- 
eemia by excision of an iliac arterio- 
venous aneurysm.® In 1957, Hook et al 
reviewed 13 additional patients and 
added two more of their own. In five 
əf the preceding and in both of their 
own patients, endocarditis was asso- 
elated with endarteritis.’ In no in- 
stance was endocarditis alone pres- 
ent. Streptococcus viridans was most 
eften the infecting agent. The fis- 
-ulas were all large, involving the 
liac, femoral, or subclavian vessels. 
These were also ong-standing fis- 
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tulas. The experimental work in dogs 
of Lillehei et al confirms this predilec- 
tion of large flow arteriovenous com- 
munications to develop infection.* 
Surgical treatment was excision of 
the fistula. This usually cured pa- 
tients with endarteritis alone. Unfor- 
tunately, others died of congestive 
heart failure secondary to destroyed 
aortic valves. 

In the original description of the 
radial-cephalic fistula by Brescia et al, 
one patient is cited who died of acute 
bacterial endocarditis ten months af- 
ter the fistula was created. The fis- 
tula was not explored, so an associ- 
ated endarteritis could not be 
confirmed. Subsequent reviews of ex- 
perience with the internal fistula 
mention infectious complications.® ° 
These are most often wound infec- 
tions, septic phlebitis, and localized 
areas of suppuration at venipuncture 
sites. Infections of this sort are most 
often caused by S aureus and can 
lead to the more serious complications 
of septicemia and septic pulmonary 
embolism. Levi et al° attribute poor 
skin antisepsis at venipuncture sites 
as the cause of these complications. 
They successfully treated most of 
their patients with antibiotics; how- 
ever, one required ligation of the fis- 
tula because of recurrent septic pul- 
monary emboli. This patient also was 
draining pus from the fistula site. 
Rabston, too, reported S aureus as 
the most frequent pathogen. He de- 
scribed one patient who died on the 
way to the hospital from hemorrhage 
originating in a septic area over a su- 
perficial vein. 

True endarteritis at the fistula site 
seems to be another matter. The 
pathogenesis of this complication is 
probably similar to that for endarte- 
ritis occurring in any arteriovenous 
communication. The turbulent flow 
associated with a fistula leads to inti- 
mal trauma. During episodes of bac- 
teremia, bacteria may preferentially 
seed out on the damaged areas of in- 
tima. The reports of Goodman et al 
and Wyler et al support this hypothe- 
sis." Both of their patients devel- 
oped endarteritis and aortic valve en- 
docarditis soon after dental work, a 
known cause of transient bacteremia. 
The organisms involved, enterococcus 


and group D streptococcus, are part 
of the normal mouth flora. Both pa- 
tients died despite antibiotic therapy. 
Neither fistula was ligated. 

Successful surgical treatment of 
endarteritis of a forearm fistula has 
been reported by Kinnaert et al and 
Storey et al. The first patient was 
cured of a S aureus mycotic aneurysm 
by proximal ligation of the radial ar- 
tery. The other developed endocar- 
ditis on the aortic valve in association 
with endarteritis. Staphylococcus 
aureus, Serratia, and Escherichia 
coli were cultured from the blood. At 
the time of ligating the fistula, a 
vegetation was sent for culture and S 
aureus grew from it. 

Aside from the known increased 
susceptibility of all uremic patients to 
infection," this patient had two other 
predisposing factors. She had to be 
maintained on corticosteroids to sup- 
press manifestations of lupus, and 
she was subject to two operative pro- 


cedures after the construction of her 


fistula, namely, transplantation and 
removal of the allograft and her own 
kidneys. Her postoperative course in 
both instances was complicated by 
pneumonitis. She also had a urinary 
tract infection after transplant. Her 
fistula by necessity continued to be 
utilized because of poor function of 
the allograft; however, blood, urine, 
and sputum cultures during these 
earlier hospitalizations were all nega- 
tive for S aureus. Experience with 
this patient and the experience of 
others in treating endarteritis com- 
plicating arteriovenous fistulas points 
toward early surgical ligation and re- 
section. The natural history of the 
disease is almost universally fatal. 

A dialysis patient having fever of 
unknown origin or localized tender- 
ness and swelling at the fistula site 
should be suspected of having bacte- 
rial endarteritis. Awareness of this 
complication and early surgical treat- 
ment can prevent the development of 
the serious, often fatal complication 
of endocarditis. 

Nonproprietary Names 
and Trademarks of Drugs 
Azathioprine—/muran. 
Cephalexin monohydrate—Kefiec. 
Clindamycin hydrochloride 
Cleocin hydrochloride. 


hydrate— 
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Endarteritis in a fistula of the type de- 
vised by Brescia et al is an uncommon com- 
plication. Endarteritis or a myocotic aneu- 
rysm have been found in only six patients 
of our own dialysis-transplant group, in 
whom 540 arteriovenous fistulas have been 
made. Still, they do occur, and their occur- 
rence makes a difficult problem harder, for 
fever is common in dialysis and in trans- 
plant patients and its source is not always 
obvious. After the more likely causes have 
been excluded, suspicion falls on the pa- 
tient’s shunt or fistula, but the shunt can- 
not be removed nor the fistula ligated on 
suspicion alone. For shunts, a simple work- 
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Editorial Comment 


ing rule is possible. The shunt devised by 
Quinton et al is not a source of septicemia 
in the absence of evidence of local infec- 
tion. Unfortunately, as was found in the 
case reported, fistulas may present an in- 
nocent appearance for a time even while 
causing life-threatening sepsis. 

The case reported by the authors is one 
example. In our six, three had obvious 
purulent infection at the fistula site, and 
one of these showed evidence of septic em- 
boli. They presented no diagnostic prob- 
lem. Two of the other three had a history 
of apparently minor infection at the punc- 
ture site but had no localizing findings at 
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the time fever began. Bacterial endocar- 
ditis was the leading diagnosis for these 
three, all were treated as for subacute bac- 
terial endocarditis and became afebrile 
with therapy. Subsequently, all developed 
tenderness and dilation of a segment of 
the fistula. 

Our approach to local treatment was 
slightly different from that described by 
these authors. We ligated the involved 
area but did not excise it, and reestab- 
lished the fistula by proximal end-to-end 
anastomosis. 

ALFRED P. MORGAN, MD 
Boston 
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Hepatic Ascariasis 


A Case Report and Review of the Literature 


H. S. Saw, MB, BS; Kylasa Somasundaram, MB, BS, FRCS; 


Although biliary ascariasis is common, the 
hepatic variety is rare. The condition of a 2- 
year-old Chinese boy with hepatic ascariasis, 
proven by biopsy, was nanaged successfully 
with operative evacuation of the foci in the 
liver and piperazine citrate and diethylcar- 
bamazine citrate treatment. Although he be- 
came well during the three weeks in which 
diethylcarbamazine therapy was given, this 
is not necessarily a claim for the specificity 
of this anthelmintic far hepatic ascariasis. 


J pig is one of the common- 
est anthelmintic infections in 
man.'? Its course is usually benign 
but when appearing as a surgical 
complication, it is often serious and 
the prognosis is poor. There have 
been numerous reports of surgical 
complications of ascariasis, such as 
intestinal obstruczion and perfora- 
tion, volvulus, intussusception, and 
common bile duct obstruction.** 
While biliary ascariasis is relatively 
common, hepatic ascariasis is rare. 
This is a report of a case of hepatic 
aseariasis, successfully treated, to- 
gether with a review of the literature 
on the clinical feazures and manage- 
ment of this condition. 
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Report of a Case 


The patient, a 2-year-old Chinese boy, 
was well until 20 days prior to admission 
when he started to have a fever associated 
with sweating. This was not accompanied 
by chills or rigors. The febrile period was 
punctuated by episodes of screaming dur- 
ing which he would roll about and occa- 
sionally double up. There was no history of 
abdominal distention or of passing “red 
currant jelly” stools. Defecation and mic- 
turition habits remained unchanged. Ano- 
rexia was a prominent symptom. The child 
was said to have passed large roundworms 
on four occasions in the previous 20 days. 
There was nothing else in the history of 
any importance. 

On examination, the patient was fretful, 
pale, and in a toxic condition. He was not 
jaundiced, and his temperature was 38 C 
(100.4 F). The cardiovascular, respiratory, 
and central nervous systems were normal. 
The abdomen showed slight distention, but 
there was neither visible peristalsis nor 
borborygmi. The liver was tender and en- 
larged to 4 cm below the subcostal margin. 
The spleen and kidneys were not palpable. 

Results of laboratory investigations dis- 
closed the following values: hemoglobin, 9.3 
gm/100 ml; packed cell volume, 32%; mean 
corpuscular hemoglobin concentration, 
29%; and total white blood cell count, 
22,500/cu mm (neutrophils, 77%; lympho- 
cytes, 21%; and monocytes, 2%). Blood film 
for malarial parasites gave a negative re- 
action. Serum bilirubin level was 13 
mg/100 ml. Other values were as follows: 
serum glutamic oxaloacetic transaminase 
(SGOT), 31 International Units (IU); se- 
rum glutamic pyruvic transaminase, 15 IU; 


and alkaline phosphatase, 43 King-Arm- 
strong units. Serum amylase level was 123 
somogyi units. Stool examination disclosed 
Ascaris, hookworm, and Trichuris ova. A 
chest roentgenogram showed normal heart 
and lungs. An abdominal roentgenogram 
showed an enlarged liver and no other im- 
portant abnormality. 

The child was treated with continuous 
nasogastric suction, intravenously given 
fluids, and antispasmodics. On the third 
day, the patient’s pulse and respiratory 
rates and his temperature continued to 
rise. It was therefore decided that he 
should have an exploratory laparotomy. At 
laparotomy, the gallbladder and common 
bile duct were found to be normal. The 
liver was congested, with numerous linear 
areas of induration; these were incised and 
found to contain adult Ascaris worms (Fig 
1). A liver biopsy revealed severe inflam- 
mation and fibrosis with numerous Ascaris 
ova in the liver tissue. All accessible, indu- 
rated areas on the liver were incised and 
the ascarides evacuated. 

Postoperatively, the child was managed 
with intravenously administered fluids, 
continuous nasogastric suction, and ampi- 
cillin therapy for seven days. On the fourth 
postoperative day, he was started on a 
regimen of piperazine citrate therapy, 750 
mg daily for four days. In spite of these 
measures, he continued to have a high, 
swinging temperature. Hence, he was 
given diethylearbamazine citrate (Hetra- 
zan) treatment, 20 mg three times a day 
for three weeks. Six days after operation, 
he started to pass large number of adult 
Ascaris worms by rectum. After three 
weeks, his temperature subsided and his 
general condition improved. The serum 
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alkaline phosphatase and SGOT levels on 
the 24th postoperative day were 25.4 King- 
Armstrong units and 12 IU, respectively. 
The child was discharged from hospital one 
month after admission. 

Since discharge, the child has been seen 
on six occasions without recurrence of 
symptoms, and on his last visit, about a 
year after his operation, he was noted to 
be keeping well. 


Comment 


Hepatic ascariasis is a rare compli- 
cation of intestinal ascariasis and dif- 
fers from biliary ascariasis in clinical 
severity and its overall bad prognosis. 
It appears that the adult worm mi- 
grates up the bile duct from its 
normal habitat in the small intestine 
during heavy infestations and fe- 
vers.” The presence of the adult 
worms in the bile ducts results in sud- 
den onset of upper abdominal colic 
and vomiting and is often diagnosed 
at this stage long before the worms 
reach the intrahepatic biliary radicals 
to produce abscesses. 

In few instances of biliary asca- 
riasis, however, the worms may mi- 
grate higher up into the intrahepatic 
biliary radicals to get arrested finally 
in the peripheral bile ducts in the 
liver. Although in heavy infestation 
the larvae that develop from ingested 
eggs in the small bowel may enter the 
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Fig 1.—Adult Ascaris worms being evacuated from the liver paren- 
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systemic circulation by bypassing the 
lungs to become embolized in organs, 
they are soon destroyed. 

It follows that the only way that 
adult worms can reach the liver par- 
enchyma in heaptic ascariasis is by 
way of the biliary passages. Occasion- 
ally, the worms that reach the liver in 
this manner, disintegrate after a pe- 
riod of time, releasing thousands of 
ova into the biliary passages result- 
ing in a suppurative cholangitis or 
granuloma formation.’ 

Louw® is of the opinion that the 
adult worm can survive in the liver 
for up to a period of one month. More 
often, these worms form single or 
multiple hepatic abscesses that may 
eventually rupture into the body cav- 
ities if not drained surgically." 

The largest number of reports of 
biliary ascariasis have been from 
areas where the infection rate among 
the general population is high. 

Louw® reported 28 cases of biliary 
ascariasis in a period of five years and 
has included three patients with liver 
involvement with an abscess or mul- 
tiple granulomata in the liver. 

Far greater numbers of patients 
with biliary ascariasis have been 
reported from China and Korea, but 
again no distinction between hepatic 
and biliary ascariasis has been made 
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Fig 2.—Life cycle of Ascaris lumbricoides. 


in these reports.'* Most reports of he- 
patic ascariasis have been of isolated 
cases, highlighting the severity and 
grave prognosis of the disease as 
compared with biliary ascariasis.® 1*5 
Since hepatic ascariasis follows bili- 
ary ascariasis, the symptoms tend to 
follow the same course. Initially, the 
patient has severe, acute upper ab- 
dominal pain with nausea and vomit- 
ing. The pain may radiate to the 
shoulder and the back and is colicky 
in nature. There may be no pyrexia or 
jaundice at the onset of symptoms. 
The patient becomes progressively 
ill from a high, swinging fever, and 
the pain becomes more constant and 
localized to the upper part of the ab- 
domen. The liver is enlarged and ten- 
der, and jaundice may be evident at 
this stage. There is generally a leuko- 
cytosis consisting predominantly of 
neutrophils; eosinophila may be ab- 
sent. Stool examination invairably 
shows Ascaris ova. X-ray films of the 
abdomen may disclose whip-like, ra- 
diotranslucent lines in a somewhat 
parallel manner (Louw).* Cywes* has 
reported the usefulness of intra- 
venous cholangiography and tomog- 
raphy in the diagnosis of biliary as- 
cariasis, and he advocates surgical 
intervention only in those patients 
with signs of local complications. In 
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hepatic ascariasis, on the other hand, 
in view of the extreme ill health of 
the patient and need for urgent oper- 
ation, this investigetion becomes un- 
necessary. There have been no re- 
ports of liver scans being used 
as a diagnostic measure in hepatic 
ascariasis. 

When Ochsner’ r2perted zwo cases 
ef hepatic ascariasis, he concluded 
that the diagnosis was seldom made 
preoperatively because of the lack of 
eharacteristic symptoms and signs. 
From a review of more recent reports 
of hepatic ascariasis, +" it appears 
that severity of general and abdomi- 
nal symptoms and enlarged tender 
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Ascaris lumbricoides is a large round- 
worm. Adults measure from 15 to 49 cm in 
length. It is actively motile and maintains 
its preferred station in the small intestine 
by “worming” its way against the peri- 
staltic action. When the small intestinal 
environment is hostile from crowding, fe- 
ver, and ingestion of toxic chemicals, it 
seeks more comforta dle surroundings. Sto- 
ries of migration out the anus. mouth, and 
nares are legion. It seems to crawl into 
holes; thus causing appendicitis, diver- 
ticulitis, and middle 2ar infections. As this 
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livers are constantly observed in such 
patients, and the recent passage of 


roundworms in the stools or vomit 


should further tend to support the 
diagnosis. 

The accepted method of treatment 
is surgical drainage of the liver ab- 
scesses.**::1819 In the case reported, 
there were widespread areas of indu- 
ration in the liver, and all but two 
areas on the superior surface were in- 
cised, and within them were found 
live Ascaris worms. In view of the 
inaccessibility of the two sites and 
the long duration of the operation in 
an ill child, these were not drained. 

After operation, the child was 
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Editorial Comment 


case report illustrates, it favors the bile 
duct and accounts for 20% of the surgically 
biliary tract diseases in the Philippines. It 
is strong enough to penetrate the digestive 
tract wall, and many worms go to such di- 
verse locations as the pulmonary artery 
and the spinal canal. 

Necrosis caused by disintegrating 
worms, with accompanying bacterial infec- 
tion, bring about surgical emergencies; 
evacuation and drainage, as Saw et al 
describe, can be lifesaving. Since some 
worms may be inaccessible, supplementary 


given a course of piperazine citrate 
therapy for a few days in the hope of 
eradicating the residual worms in the 
liver. In view of the poor general re- 
sponse of the child, diethylcarbama- 
zine citrate, 20 mg three times a day, 
was administered orally for three 
weeks, and the child progressively im- 
proved. We are not aware of any re- 
port on the effectiveness of the latter 
drug in hepatic ascariasis, nor do we 
claim that it was responsible for the 
clinical improvement of the child. 
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permission to reproduce Fig 1 anc 2. 
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chemotherapy is also essential. Piperazine, 
commonly employed for intestinal infec- 
tion, causes flaccid paralysis of the worm 
and may not kill it, and is probably in- 
effective against tissue-inhabiting worms. 
The authors’ choice of diethylcarbamazine 
citrate, a systemic unhelminticide, was a 
good one. Thiabendazole and mebendazole 
would have been equally good alternatives. 
WILLIAM A. SODEMAN, JR., MD 
Toledo, Ohio 
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Small Bowel Polyps 


and Carcinoma in 


Multiple Intestinal Polyposis 


Janice E. Ross, MD, John E. Mara, MD, Syracuse, NY 


Two patients developed, or demonstrated, 
polyps of the small intestine plus adeno- 
carcinoma, one in the jejunum, the other in 
the ileum, many years after colectomy for 
multiple intestinal polyposis. This experi- 
ence, which appears to be an original obser- 
vation, leads to the conclusion that the small 
intestines of those with multiple intestinal 
polyposis must be examined initially and pe- 
riodically. 


parame of the stomach and 
small bowel has been noted in 
patients with multiple intestinal 
polyposis. To our knowledge, carci- 
noma arising in such an area of small 
bowel polyposis has not been re- 
ported. This article presents two 
cases demonstrating this association 
and suggests that investigation of 
the small bowel is indicated in all 
cases of multiple intestinal polyposis. 

Multiple intestinal polyposis is an 
inherited disease with an autosomal 
dominant transmission, characterized 
by multiple adenomatous polyps of 
the large intestine. There is a very 
high risk of malignancy arising in the 
large bowel in this disease, with re- 
ports varying from two thirds of 
those cases having symptoms’ up to 
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virtually 100% of untreated cases. 
Most of the polyps in this disease are 
of the adenomatous type, but villous 
polyps are not uncommon. The polyps 
in this disease cannot be distin- 
guished microscopically from the iso- 
lated common adenomatous or villous 
polyp.’ 

There are at least five other dis- 
tinct varieties of hereditary polyposis 
of the gastrointestinal tract as re- 
viewed by McKusick.* Four of these 
have associated extra-alimentary 
manifestations: Peutz-Jeghers syn- 
drome includes generalized intestinal 
polyposis and melanin spots of the 
buccal mucosa, lips, and digits; the 
Gardner syndrome associates colonic 
polyposis with osteomata, fibromata, 
and sebaceous cysts; the Turcot syn- 
drome involves colonic polyposis and 
brain tumor; and finally, multiple (en- 
docrine) adenomatosis includes ade- 
nomas of multiple endocrine glands, 
one case of which has been reported 
with multiple colonic polyposis. The 
fifth type of hereditary polyposis, 
like multiple intestinal polyposis, does 
not have extragastrointestinal tract 
manifestations. It is designated as 
simply “occasional discrete polyps of 
colon and rectum.” This disease is 
transmitted in an autosomal domi- 
nant fashion and is discrete from 
multiple intestinal polyposis because 
the polyps are few in number and 
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seattered. A malignant potential has 
been noted in these poryps. 

Menzel (1721) was the first to re- 
port intestinal polypos:s in a soldier 
who had Ged from chranie dysentery. 
Familial mcidence wae first reported 
by Cripps (1882): when ke described 
the disease in a 17-year-old girl and 
her 19-year-old brother. Handford 
(1890)° noced the assoczation between 
polyps and carciroma. 

The incidence of pdyposis of the 
stomach nd small intestmes in asso- 
ciation wth multiple intestinal poly- 
posis is not known because of failure 
of investization of the small bowel in 
these pat ents wien studied for mul- 
tiple intestinal polyposis; but as late 
as 1969 multiple intes:inal polyposis 
was considered by many authors’? to 
involve polyps oZ the zolon and rec- 
tum exclusively We believe that 
there is a variant of the disease that 
permits Jolypəsis to occur in the 
stomach and small intestines. 

Polyposis of the stomach and small 
intestine in association with multiple 
intestina polyposis wes reviewed by 
Hoffman and Goligher in 1971. They 
reported three cases ef multiple in- 
testinal polyposis with adenomatous 
polyps of the upper gastrointestinal 
tract seen by them, and reviewed 19 
other reported cases. Duncan and oth- 
ers? recommended removal of upper 
intestina. tract polyps in patients 
with this association. We report two 
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Fig 1.—Benign adenomatous polyp from large bowel (patient 1) (hematoxylin-eosin, origi- 


patients with proven multiple intesti- 
nal polyposis who subsequently devel- 
oped adenocarcinoma of the small in- 
testines, which also contained polyps. 


Report of Cases 


Case 1.—In 1971, a 44-year-old man had 
a subtotal colectomy for multiple polyposis 
of the colon. His brother had had a colec- 
tomy for multiple polyposis in the past. In 
1973 the patient was admitted for a diag- 
nostic workup because of pain occurring 30 
minutes after eating. An upper gastroin- 
testinal tract series showed a partially ob- 
structed proximal area of the jejunum 
with an area of mucosal destruction. There 
was no evidence of polyposis of the rectum 
by sigmoidoscopy at this time. The patient 
underwent resection of the distal part of 
the duodenum and the proximal part of the 
jejunum for carcinoma. Neither local 
spread of the tumor nor liver involvement 
was noted at the time of operation. Sig- 
moidoscopy two months postoperatively 
revealed no polyps within the remaining 
rectum nor in the distal small bowel 
anastomosed to the rectum. Five months 
postoperatively the patient has no clinical 
evidence of recurrent disease, and he is to 
have a second gastrointestinal tract series 
at six months postoperation. 

There were multiple polyps involving all 
regions of the large bowel resected in 1971, 
including ascending, transverse, and de- 
scending colon. These polyps varied from 
small elevations of the mucosa to peduncu- 
lated polyps measuring 4 cm in total 
length. Microscopically most of the polyps 
were of the adenomatous type (Fig 1), 
while few were villous. Some of the polyps 
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x 4. | 
Fig 2.—Adenocarcinoma of jejunum (pa- 
tient 1) (hematoxylin-eosin, original magni- 
fication x47). 


Fig 3.—Adenocarcinoma of descending 
colon resected in 1954 (patient 2) (hema- 
toxylin-eosin, original magnification x 47). 


showed noninvasive superficial adenocarci- 
noma. There was no gross evidence of in- 
vasion of the bowel wall by carcinoma, and 
the mesenteric lymph nodes microscopic- 
ally showed only reactive hyperplasia. 
The 83-cm portion of jejunum resected 
in 1973 contained a large, ulcerated adeno- 
carcinoma (Fig 2) extending through the 
wall, but there were no metastases in 18 
regional lymph nodes recovered from the 
mesentery. Also present and 2 cm away 
from the carcinoma was a pedunculated 
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Fig 4.—Adenocarcinoma of ileum (patient 
2) (hematoxylin-eosin, original magnifica- 
tion x 30). 


adenomatous polyp 0.8 cm in diameter. 

_ CASE 2.—A 58-year-old white man who 
had had a total colectomy and proctectomy 
in 1954 for multiple intestinal polyposis 
and a carcinoma of the descending colon. 
His brother had died from adenocarcinoma 
of the colon, but information about associ- 
ated polyposis is not available. No evidence 
of local or metastases liver were noted at 
the time of surgery. The patient did well in 
the intervening years until August 1973, 
when he experienced abdominal pain and 
increasing abdominal girth. Laparotomy 
revealed a primary adenocarcinoma in the 
ileum with widespread metastases. The pa- 
tient died one month postoperatively and 
postmortem examination was performed. 

_ Examination of the colectomy specimen 
in 1954 revealed that the mucosa of the en- 
tire large bowel, from the junction of the 
cecum and ascending colon to the columns 
of Morgagni in the rectum, was “‘cobble- 
stoned” by multiple small polyps. There 
was a moderately well-differentiated 
adenocarcinoma (Fig 3) in the descending 
colon that extended through the wall and 
into the mesocolon. No metastases were 
found in the regional mesocolonic lymph 
nodes. The polyps examined were all of the 
adenomatous type, some with focal atypi- 
cal hyperplasia. One larger polyp showed 


738 = Arch Surg/Vol 108, May 1974 





y eon S Da $ 
a $. 2 oo 
ji es Eci F 


wider 


Fig 5.—Polyposis of ileum in patient 2. 


focal superficial noninvasive adenocarci- 
noma. A stump of ileum with this specimen 
showed lymphoid hyperplasia. 

At autopsy in 1973, a large primary 
adenocarcinoma (Fig 4) of the ileum was 
found nestled within an area of polyposis 
(Fig 5) that involved a 25-cm segment of 
the ileum. The polyps were adenomatous in 
type (Fig 6) with few areas of focal atypi- 
cal hyperplasia. There was metastatic 
adenocarcinoma in the peritoneum, mesen- 
teric nodes, diaphragm, liver, and lungs. 
The primary cause of death was pulmo- 
nary emboli with pulmonary infarction. 


Conclusions 


Polyposis of the stomach and small 
bowel in patients with multiple in- 
testinal polyposis is uncommon; the 
exact incidence is unknown because 
of a lack of investigation of the upper 
gastrointestinal tract in patients 
with this disease. Small bowel adeno- 
carcinoma arising in areas of poly- 
posis is heretofore unknown. 

This article presents two cases of 
multiple intestinal polyposis, proved 
by history and by colectomy, that 
were subsequently found to have 











gF - -A iM à “ y r 
F A d OF» . 
+e gE it ipa ae 


a 
a. Mey" ; 





Fig 6.—Adenomatous polyp from area 
shown in Fig 5. Note atypia on one edge 
(hematoxylin-eosin, original magnificatien 
x 30). 


small bowel polyposis and carcinoma. 
It is clear that upper gastrointestinal 
tract and small bowel series should be 
obtained as part of the routine 
workup in patients with multiple in- 
testinal polyposis. Likewise, follow-up 
of these patients after colectomy 
should also include upper gastroin- 
testinal tract studies. 


References 


1, Bussey HJR: Gastrointestinal poly- 
posis. Gut 11:970-978, 1970. 

2. Kennedy BW, et al: Familial multiple 
polyposis: A “curable” disease. Wis Med J 
70:230-231, 1971. 

3. Sachatello CR: Familial polyposis of 
the colon. Cancer 28:581-587, 1971. 

4. McKusick VA: Genetic factors in in- 
eet polyposis. JAMA  182:271-277, 


5. Veale AMO: Intestinal polyposis. Eu- 
gen Lab Mem 40:2, 1965. 

6. Morson BC: Diseases of the Colon, 
Rectum and Anus. London, William 
Heinemann Ltd, 1969. 

7. Hoffman DC, Goligher JC: Polyposis 
of the stomach and small intestine in asso- 
ciation with familial polyposis coli. Br J 
Surg 58:126-128, 1971. 

8. Duncan BR, Dohner VA, Priest JH: 
The Gardner syndrome: Need for early 
diagnosis. J Pediatr 72:497-505, 1968. 


Small Bowel Polyps/Ross & Mara 


= Surgical teachit 
made easier. - 





Teaching surgical techniques is easier when you use 
a fully integrated Circon Color MacroVideo System.™ 
This proven teaching aid allows you to televise your 
surgery live. ..to students in the classroom, colleagues 
in the auditorium, as well as assistants in the OR. 
Nothing interferes with your surgery since the 
system is mounted out of the way, and is simple to use. 
A push-button Rencte Controller (easily operated by 
the nurse as you desire) rotates the camera horizontally 
anc vertically, zocms and focuses the long range lens. 
After surgery, the video tape can be instantly 
played for review. Leter, you can edit both audio and 
video tracks (ever add new dialog or a foreign language 
translation) and snare your surgical experience with 
associates. All the while, you'll be building a valuable 
video cassette library. 


Cost? Just $9,975 for everything you'll need to 
televise and video tape surgery — the Miniature Color 
Camera, Solid State Monitor, Color Control Unit, Color 
Video Tape Recorder, Remote Controller, Video Tapes, 
Motorized 5:1 Zoom Lens, Microphone and Portable 
Equipment Carrier. All components are engineered into 
a fully integrated system for maximum performance. 


Write or call for a demonstration or more details on 
Circon’s MV9870 Color Operating MacroVideo System™ 
Video systems for all surgical specialties and endoscopy 
are available. 


Specialists in Medical Video Systems 

Dept. AS, 749 Ward Drive 
DI RCG I n Santa Barbara, California 93111 
An Applied Magnetics Corporation 


(805) 967-0404 


Mediastinal Hemorrhage 


From Parathyroid Adenoma 


Simulating Dissecting Aneurysm 


B. Eugene Berry, MD; Paul C. Carpenter, MD; Richard E. Fulton, MD; 


Gordon K. Danielson, MD, Rochester, Minn 


A 63-year-old white man with hyperpara- 
thyroidism had symptoms suggestive of a 
dissecting aneurysm and superior vena cava 
obstruction. Urgent exploration revealed a 
large mediastinal hematoma caused by hem- 
orrhage surrounding a parathyroid ade- 
noma. This case is believed to represent the 
first one of such a presentation by a parathy- 
roid tumor. The patient was successfully 
treated by emergency aortic angiography, 
prompt mediastinal and neck exploration, 
and resection of the adenoma. 


Ithough many vagaries of hyper- 
parathyroidism have been ap- 
preciated, no previous report of 
marked extracapsular hemorrhage as- 
sociated with parathyroid adenoma 
and hyperparathyroidism has been 
published to our knowledge. We wish 
to describe the diagnosis and success- 
ful management of a patient with a 
lesion that was suggestive of a dis- 
secting aortic aneurysm with superior 
vena cava syndrome. 


Report of a Case 


A 63-year-old white man was admitted 
to the Mayo Clinic for evaluation in April 
1973. Two years previously, he had passed 
two calcium oxalate renal stones, and sub- 
sequently his serum calcium values were in 
the range of 12.5 mg/deciliter. He had no 
history of headache, fatigue, bone pain, or 
polyuria. On examination, his blood pres- 
sure was 166/100 mm Hg. There were no 
neck masses, and except for a small right 
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inguinal hernia, the findings of the re- 
mainder of the physical examination were 
normal. The serum calcium and phos- 
phorus values were 11.8 and 2.3 mg/dl, re- 
spectively. Roentgenography of the chest 
and hands was not remarkable, but renal 
tomography showed a small calculus in the 
upper pole of the right kidney. Indistinct 
lamina dura, considered compatible with 
hyperparathyroidism, was noted on the 
roentgenograms of the head. 

Almost three weeks later, while await- 
ing the results of a parathyroid hormone 
assay (later found to be 160u/Eq/ml, nor- 
mal less than 40ulEq/ml), the patient spon- 
taneously developed substernal pain that 
increased in severity and was made worse 
by swallowing. This was followed by 
hoarseness, swelling of the neck, and dis- 
tention of the veins of his face and arms. 
There were no cervical masses, the trachea 
was in the midline, and carotid and ex- 
tremity pulses were normal. Further labo- 
ratory studies showed a decrease in hemo- 
globin level from 14 to 12.7 gm/dl, and the 


chest roentgenogram demonstrated widen- 
ing of the superior mediastinum (Fig 1). 

Strongly suspecting a dissecting aortic 
aneurysm, we performed an emergency 
percutaneous retrograde aortic angiogram 
utilizing a modified Seldinger technique 
through the right femoral artery. The 
study demonstrated that the aortic arch 
was intact. A superior mediastinal mass 
was present (larger than on the previous x- 
ray film) that deviated the right carotid 
and vertebral arteries to the right and 
compressed the trachea (Fig 2). Treatment 
with a trimethaphan camsylate drip was 
begun and the patient became asympto- 
matic, with resolution of the superior vena 
cava syndrome and relief of pain on swal- 
lowing. Twenty-four hours later, after a 
bowel movement, the patient again had 
substernal pain, weakness, and signs of su- 
perior vena caval compression. 

Because of the serious mediastinal 
bleeding from an unknown source, we be- 
lieved that urgent exploration was indi- 
cated, and we proceeded with median ster- 


Fig 1.—Left, Posteroanterior view of chest on first admission in April was normal. Right, x- 
ray film on admission three weeks later shows widened superior mediastinum and loss of 
definition of aortic arch. 
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notomy. Aside from minor atherosclerotic 
changes, the heart and great vessels were 
normal. A large superior mediastinal 
hematoma was encocntered that extended 
from the superior vena cava near the right 
atrium cephalad as far as visible in the 
neck bilaterally, posceriorly to the spinal 
column, and extrapleurally over the apex 
of the right lung. The sternetomy was con- 
verted into a T-incision by adding a low 
transverse cervical incision, and the neck 
was explored. A large parathyroid ade- 
noma, oxyphilic cell type (Fig 3), was iden- 
tified between the right carotid sheath and 
the esophagus at the thoracic inlet. Al- 
though there was n> hemerrhage within 
the capsule, numerous small bleeding ar- 
teries were found in the bed of the ade- 
noma after its remeval. After the oper- 
ation, the mediastine] hematoma resorbed 
and the serum calciım level returned to 
normal range. The patient had no symp- 
toms of tetany and was dismissed with- 
out complications on the eighth postopera- 
tive day. 


Comment 


The clinieal presentation of this pa- 
tient necessitated emergency aortic 
angiography to determine whether or 
not a dissecting aneurysm was pres- 
ent. Hemley et al' reported that me- 
diastinal widening is a eommon find- 
ing in dissecting aneurysm; eight of 
48 cases reported ky Eyler and Clark’ 
showed extensive mediastinal widen- 
ing. However, the angiographic find- 
ings can be misleading, as noted in 
the report of Shuford et al in which 
four of 27 angiograms of patients 
with documented dissecting aneu- 
rysms indicated a normal aorta on 
initial evaluation. 

At least two eases of superior vena 
cava obstruction from dissecting an- 
eurysms have been reported by Bank- 
er and Maddison‘ and by Strax et al,’ 
but such an occurrence is unusual. 
Similarly, superior vena cava obstruc- 
tion from benign tumors is rare. In a 
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Problems in the aortegraphic diagnosis of 
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Fig 2.—Aortic arch arteriogram. Top, 
Posteroanterior view demonstrates intact 
aortic arch and lateral deviation of right ca- 
rotid and vertebral arteries (arrows). Left 
carotid is displaced to left. Bottom, Left an- 
terior oblique projection demonstrates ante- 
rior displacement of right carotid artery and 
posterior displacement of left carotid artery 
(arrows). 


Fig 3.—Red-brown, 7.9-gm_ parathyroid 
adenoma (5 X 2.5 x 1.3 cm) of oxyphilic cell 
type, removed from upper right mediasti- 
num. 
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review of the literature, Banker and 
Maddison‘ found only 12 benign tu- 
mors in 288 cases of superior vena 
cava obstruction. These tumors in- 
cluded substernal thyroid (nine 
cases), teratoma (two eases), and 
atrial myxoma (one case); no cases of 
parathyroid adenoma producing supe- 
rior vena cava obstruetion were 
found. 

In a report on the unusual aspects 
of hyperparathyroidism by Mannix 
and Loehr,* no extracapsular bleeding 
was noted. However, bleeding within 
a parathyroid adenoma has been re- 
ported by DeGroote’; the bleeding 
primarily was associated with pain. 
Apparently in the absence of hyper- 
parathyroidism, a patient described 
by Capps* had multiple parathyroid 
adenomas with hemorrhage in and 
around one adenoma. Although our 
patient was believed to have hyper- 
parathyroidism, the clinieal findings 
could not be explained entirely on this 
basis. We were unaware of other 
cases in which marked extracapsular 
hemorrhage had occurred in associa- 
tion with hyperparathyreidism. Be- 
cause rupture may occur from dis- 
secting or thoracic aneurysms, even 
when the findings on the aortogram 
are normal, we undertook mediastinal 
exploration to rule out the more usual 
causes of sudden chest pain, decreas- 
ing hemoglobin level, and superior 
vena cava syndrome. After we had 
excluded the possibility of rupture of 
the aorta or great vessels, our further 
exploration revealed that the para- 
thyroid adenoma was the source of 
the mediastinal hemorrhage. Full and 
uneventful recovery followed the re- 
moval of the adenoma. 
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An Appliance for Management 


Marvin L. Corman, MD; Malcolm C. Veidenheimer, MD; 


A loop colostomy is made over a bridge 
so that an appliance with a karaya gum ring 
can be apposed to the skin at the end of the 
procedure. The colostomy is opened as soon 
as the wound is closed and the cut edges su- 
tured to the skin to permit primary matura- 
tion. Experience with 40 patients has dem- 
onstrated many advantages over previous 
methods: immediate colonic decompression, 
simplified nursing care, easy observation of 
the circulation in the stoma, and shortened 
convalescence. 


Fo many years the ritual of 
“unveiling the stoma” has been a 
standard part of the postoperative 
management of patients who have 
had a colostomy. Until recently, when 
a diverting loop colostomy was per- 
formed, a large plastic or glass rod 
was placed beneath the bowel and 
a rubber hose was attached to both 
ends to keep it from slipping out of 
place. A bulky dressing was then ap- 
plied. Approximately 48 hours later 
the dressing was removed, and, at the 
bedside, a cautery or soldering iron 
was employed to open the colon. The 
bloody, feculent scene that resulted 
might be reminiscent of the Battle 
of Sebastopol—assistants rushing to 
find hemostats with feces on the 
floor, on the bedclothes, and on the 
walls. Ultimately, a temporary appli- 
ance was draped around the large rod 
and changed frequently because the 
apparatus was certain to leak. Not 
uncommonly additional problems in- 
cluded ischemia or frank gangrene of 
the stoma when hidden from view by 


the dressing, and retraction of the 
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Fig 1.—A, Loop of sigmoid colon is 
brought out through small incision made in 
hypogastrium. B, Loop ostomy bridge is 
doubled over and brought under colon, 
gently separating mesentery from bowel 
wall. C, Open bridge is in place. D, In this 
case, incision is closed to point considered 
appropriate for stomal opening, and colon 
is incised longitudinally. 


Fig 2.—Bowel has been sutured down 
circumferentially with mucocutaneous 
sutures of fine catgut. Opening of proxi- 
mal and distal limb can be seen clearly. 
Opening of appropriate size is cut in the 
karaya seal ring of gasket. 
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of the Diverting Loop Colostomy 


lohn A. Coller, MD, Boston 


stoma into the peritoneal cavity if the 
rod slipped out. 

Today there is ro excuse for such 
unpleasantness. The concept of pri- 
mary maturation of stomas has been 


Fig 3.—Transparent film removed 
from undersurface cf karaya; karaya is 
moistened and laic over bridge and 
stoma. 


Fig 4.—Bag fits easily over gasket af- 
ter adhesive is exposed on mounting 
disk, enabling bag to be changed without 
disturbing gasket. Balt is adjusted and 
secured in place. 
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in vogue for several years, but only 
recently has this thought been ap- 
plied to loop colostomies. There are 
three very good reasons for opening 
the colostomy at the time of oper- 
ation: (1) in patients with obstruction 
it affords an immediate opportunity 
to decompress the bowel, (2) it ob- 
viates the necessity for a subsequent 
tedious bedside procedure, (8) it pro- 
vides the physician and nursing staff 
the opportunity to inspect the via- 
bility of the stoma at frequent in- 
tervals. A bulky dressing tends to 
dissuade anyone from examining the 
site and precludes any possibility of 
identifying a gangrenous loop of 
bowel. 

We have found the steps of the pro- 
cedure described in the legends a sat- 
isfactory means of affording primary 
maturation of a loop colostomy while 
the rod is in place. 

Figures 1 through 4 illustrate the 
method we have adopted for using 
the loop appliance in a diverting sig- 
moid colostomy. We have used this 
appliance in 40 loop colostomies. It 
is easy to care for from the nursing 
point of view. The stoma may be visu- 
alized at all times, the bridge does not 
slip out, the bag may be changed eas- 
ily, and leakage is not a problem. The 
bridge is left in place for eight days. 
When it is removed, an ordinary tem- 
porary appliance is employed. 

The only problem we have had is 
that the bridge is rather broad and 
can produce edema of the stoma, but 
a narrower, more rounded bridge is in 
production that, hopefully, will pre- 
vent this minor problem. 


The loop appliance used in this investigation 
was provided by Hollister Inc, Chicago. 


Diverting Loop Colostomy/Corman et al 





743 





High-Speed Pneumatic Drill 


for Biopsy of Thyroid Lesions 


H. S. Sachdeva, MD; J. D. Wig, MD; Chander Kanta, MD; 


B. N. Dutta, MD, Chandigarh, India 


Diagnoses were obtained in 54 patients 
with different thyroid disorders with use of a 
high-speed pneumatic drill biopsy machine. 
The procedure requires only a small, skin in- 
cision and can be safely performed as an 
outpatient procedure with the patient under 
local anesthesia. Because of the small size of 
the tissue obtained, the processing is rapid 
and a histological report can be obtained 
within 24 hours: The tissue is not trauma- 
tized and the cellular architecture is well 
maintained in the specimen. The drill-biopsy 
accuracy rate was 92.6%, whereas the clini- 
cal accuracy was 80%. No complications 
were encountered in the study. 

We believe this study indicates that drill 
biopsy is an important diagnostic tool that 
can be safely recommended before perform- 
ing major thyroid surgery. 


linical diagnosis of thyroid 

disease is often unreliable, and 
conclusive evidence as to the nature 
of any particular goiter is frequently 
lacking, although goiters are usually 
easy to palpate and laboratory tests 
have become more helpful. 

The popularity of needle biopsy as 
an adjunct to diagnosis has steadily 
increased over the years and the pro- 
cedure has been successfully used by 
Crile and Vickery,’ Hamlin and Vick- 
ery, and Singh et al.’ High-speed 
pneumatic drill biopsy is a new 
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method used to obtain cores of tissue 
for histological examination.’ 

This article describes our experi- 
ence with high-speed pneumatic drill 
biopsy during the last year and as- 
sesses the value of this procedure. 


Materials and Methods 


During the last year, we have performed 
60 pneumatic drill biopsies on the thyroid. 
The drill is a hollow, stainless steel needle, 
1.5 mm internal diameter, attached to a 
pneumatic motor driven by compressed ni- 
trogen (Fig 1). The running speed is con- 
trolled by gentle pressure on the light 
metal trigger. A speed of 10,000 rpm, pro- 
duced by a gas pressure of 100 pounds per 
square inch, has been found to be satisfac- 
tory. The procedure is carried out with the 
patient under local anesthesia. The tumor 
is stabilized gently between the finger and 
the thumb, and the needle is introduced 
through a small skin incision. Pressure on 
the trigger immediately rotates the needle 
at full speed and sends it into the tumor. A 


gentle negative pressure is applied to the 


needle by means of a small syringe, while 
withdrawing the needle from the tumor. 
The biopsy fragment obtained is then 
placed in physiologic saline and sent for 
processing. 


Observations 


Sixty biopsies were performed, us- 
ing the pneumatic drill. There were 
20 male and 40 female patients in this 
study, ranging in age between 20 and 
60 years. The types of lesions were as 
follows: solitary thyroid nodule, 26 
cases; multinodular goiter, 15 cases; 
thyrotoxicosis, three cases; and carci- 
noma, ten cases. Of the 60 biopsies, 
six were identified as cystic lesions 





Fig 1.—Pneumatic drill biopsy machine. 


and have been excluded from the 
study. In four cases (7.4%), the tissue 
obtained was too small to offer any 
diagnosis. The nodules were either 
less than 2.0 cm in diameter and could 
not be properly fixed, or the gland 
was calcified. Thus, in 92.6% of the 
biopsy specimens, a good-size piece of 
tissue was obtained for histological 
examination. Due to the high speed of 
the drill, the tissue was not trauma- 
tized and the cellular architecture 
was well maintained. 


| Histological Findings 


Twenty-four patients had a diag- 
nosis of solitary thyroid nodules: 19 
were benign thyroid nodules (Fig 2); 
two were struma lymphomatosa (Fig 
3); and three were carcinoma (Fig 4 
and 5); two were papillary; and one 
was medullary. 

The histological picture at the time 
of drill biopsy for three patients with 
thyrotoxicosis (Fig 6) was consistent 
with the clinical diagnosis and was 
subsequently confirmed when a histo- 
logical examination was performed 
on the excised tissue. 

Fifteen patients had multinodular 
goiters. In two cases, sufficient tissue 
could not be obtained because the 
glands were calcified and in the re- 
maining the diagnosis was nodular 
goiter. 

Ten specimens were diagnosed as 
carcinogenic thyroid at the time of 
drill biopsy (Fig 7): two were papil- 
lary, three were follicular, and five 
were anaplastic. 

Except for six patients, one with 
struma lymphomatosa and five with 
anaplastic carcinoma diagnosed by 
drill biopsy but on whom subsequent 
operations were not carried out, the 
remaining 48 patients were subse- 
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Fig 2—Solitary thyroid nodule ‘hematoxy- 
lin-eosin, x 50). 


Fig 5.—Medullary carcinogenic thyroid, 
solid nest of tumor cels, and mass of am- 
yloid (hematoxylin-eosin, x 50). 





quently operated on and the spec- 
imens obtained were examined his- 
topatrologically. The postoperative 
findirgs were consistent in all cases 
with the earlier histological diagnoses 
made with use of the drill. This gave 
100% accuracy rate in those cases in 
whick sufficient tissue was obtained. 
However, the overall accuracy rate in 
the series was 92.6%, while the clinical 
accuracy rate was 80%. No complica- 
tions were encountered in the study. 


Comment 


A nigh-speed preumatic drill has 
been used to obtair biopsy specimens 
from various soft tissues: salivary 
glands, tongue, lungs, thyroid, and 
breast..° The danger of dis- 
semination of cancer cells is no 
greater than with cpen biopsy.’ Trou- 
blesome tissue fragmentation and ar- 
tifacts, frequently seen in other 
needle biopsy spezimens, were not 
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Fig 3.—Struma lymphomatosa (hema- 
toxylin-eosin, X 50). 


Fig 6.—Thyrotoxic goiter (hematoxylin- 
eosin, X 100). 





evident with use of this drill biopsy 
technique. 

Out of the 54 cases studied, defi- 
nite diagnoses were established in 50 
(92.6%), which is higher in comparison 
to the needle biopsy accuracy rates 
(62% to 74%) reported by Crile and 
Vickery,' Hamlin and Vickery,’ Singh 
et al and Beahrs et al.’ The failure 
rate in our series was 7.4%, which is 
much less in comparison to the re- 
ported rate of 19% to 25% with needle 
biopsy.” 

No complications have been en- 
countered in this study. The slight 
oozing that sometimes occurs during 
a biopsy is readily controlled with 
slight pressure on the trigger of the 
drill. 

The drill biopsy technique is ex- 
tremely helpful in the diagnosis of 
thyroiditis for which surgery is con- 
traindicated and in cases of carci- 
noma for which a proper preoperative 
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Fig 4.—Papillary carcinogenic thyroid 
(hematoxylin-eosin, Xx 110). 





ies 


4 
N 


Ko DEA 


Fig 7.—Follicular carcinogenic thyroid 
(hematoxylin-eosin, Xx 200). 
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plan of management can be charted 
and the patient can be informed of 
the exact procedure to be used. 
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The Air Splint 


An Alternative to the 


Immediate Postoperative Prosthesis 


Melvin H. Sher, MD, Framingham, Mass 


An air splint of the type used for first aid 
for fracture was applied immediately follow- 
ing below-knee amputation in six patients. 
Used in place of a rigid plaster dressing for 
ten days before converting to a shrinker 
sock and temporary prosthesis, it allowed 
control of stump edema, adjustment of ex- 
ternal pressure on demand, and inspection 
of the extremity and operative wound on 
short notice. 


he concept of the immediate 

postoperative prosthesis' was in- 
troduced in an effort to accelerate 
healing, shorten the interval between 
amputation and walking, and achieve 
greater long-term results in the use 
of a prosthesis. We became involved 
with this technique in 1970 as a com- 
munity hospital participating in the 
Veterans Administration cooperative 
study.? While the number of amputa- 
tions done yearly was few, we were 
impressed with the reduction of pain 
and edema and the ability to ambu- 
late the elderly. When the study was 
concluded, a void existed in the man- 
agement of our amputees. We had no 
prosthetist or member of a rehabilita- 
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tion team who was well versed in 
prosthetics or in rehabilitation medi- 
cine. Without the pylon and equip- 
ment necessary for the immediate 
postoperative prosthesis, an alterna- 
tive method was sought. In looking at 
the technique of immediate postoper- 
ative prosthesis, we divided the con- 
cept into four phases: (1) operative 
technique, (2) application of a com- 
pression dressing, (3) physiotherapy 
and mobilization, and (4) application 
and instruction of the use of the 
proper prosthetic. As in most series, 
the below-knee amputation was pre- 
ferred and represented the majority 
of amputees. The principle of a long 
posterior flap myoplastic below-knee 
amputation as described by Condon 
and Jordan was the surgical tech- 
nique used in most patients.’ 


Air splint applied to amputated extrem- 
ity. —Note molding of inner lining to stump. 
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In the absence o? experienced per- 
sonnel to apply the cass and pylon 
prosthesis properly, we adopted the 
long leg splint used in the emergency 
stabilization of long bome fractures 
(Figure). Upon completion cf the am- 
putation and dress_ng, tae air splint 
is applied and inflated urtil it is firm 
and the fingers can just t= insinuated 
between the splint anc the thigh. 
There is no pressure gaage to mea- 
sure the pressure, but the observation 
of its fullness, firmmess, and snug fit 
seems to suffice. Should the patient 
complain of tightness, aim may be re- 
leased until comforz is acnieved. Most 
patients develop moisture between 
the plastic lining and their skin; 
therefore, we wrap a sterile towel 
about the thigh to absorb the mois- 
ture and prevent maceration of the 
skin. We have not dbserved puncture 


l. Burgess EM, Traub JE, Wilson AB 
Jr: Immediate Postsurgical Prosthesis in 
the Management of Lower Extremity Am- 
putees, publication TE 10-5. Veterans Ad- 
ministration, 1967 


By the use of a readily awailable, inex- 
pensive, off-the-shelf device Dr. Sher has 
presented a technique that appears to fur- 
nish adequate compression and immobili- 
zation of an amputazion stump. The air 
splint has the obvious advancages of rapid 
application and transparency, and requires 
no particular skill to epply. These have al- 
ways been problems with the use of plas- 
ter. 

This is a dressing wherem the amount 
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or sudden leakage, but should it occur, 
it would be a simple matter to apply a 
new splint. Nurses are instructed in 
the degree of inflation, and they can 
maintain the proper inflation should 
there be evidence of a slow leak dur- 
ing the course of a day when they 
check the patient. 

The method has advantages over 
plaster: (1) ease of application, (2) ad- 
justability of pressure, and (3) uni- 
form compression of the stump since 
the inner lining of the air splint 
molds to the extremity and the end of 
the stump. Should the patient com- 
plain of discomfort or there be a need 
to observe the stump, the removal of 
the air splint and dressing can be ac- 
complished with greater ease than 
can the removal of the plaster cast. 
Our patients are permitted out of bed 
on the first postoperative day and the 
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Editorial Comment 


of compression can be measured and 
changed. It is hoped that the author will 
continue his study, and will insert a ma- 
nometer into the system, with a view to de- 
termining the optimum range of pressure, 
fluctuations with temperature and position 
of the extremity, and whether edema oc- 
curs readily in a dressing wherein com- 
pression tends to be equal, rather than dif- 
ferential. 

On the surface, the air splint appears to 


bottom of the air splint is allowed to 
touch the floor, thus providing the pa- 
tient with sensation in his leg. An ac- 
tive program of rehabilitation with 
parallel bars and quadriceps and hip 
exercises is started and the patient is 
instructed in transfers from bed to 
chair and in ambulation using a 
walker or Canadian crutches. The 
dressing is changed on the fifth post- 
operative day and the stump mea- 
sured for a shrinking sock. The 
shrinking sock alone is applied by the 
tenth postoperative day and the air 
splint discontinued. Soon thereafter a 
temporary prosthesis is applied. Most 
patients are home walking with a 
temporary prosthesis within five 
weeks. This technique has been used 
with satisfaction on six patients dur- 
ing the past year. 


knee amputations for arterial insuff- 
coney: Surg Gynecol Obstet 130:641-648, 


be an interesting alternative to the rigid 
plaster dressing, particularly in areas 
where skilled plaster technique and pros- 
thetic service are not readily available. 
Much more experience is needed, however, 
and it is hoped that Dr. Sher and others 
will report on larger series in the future. 
FRANK W. CLIPPINGER, MD 
Durham, NC 
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a lot to think about. 
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Richard H. Egdah!, M.D. ® FMCs: A RESPONSE TO 


Charlotte K. Beyers @ 


Philip R. Alper, M.D. @ 


GOVERNMENT CONTROLS 


Can a Foundation for Medical Care provide the basis 
for developing another type of HMO -- while 
preserving the fee-for-service principle? Why 

does the author believe FMCs may be medicine's 
last chance to avoid government domination? 


CAN HEALTH HABITS REALLY 
BE CHANGED? 


Can mass communication techniques successfully 
motivate people to change their ways before they 
suffer the disastrous effects of heart and 

circulatory disease? An innovative study launched 
by the Stanford University Medical School promises 
some definitive answers. 


WHY | JOINED A UNION 


Does union membership cause a physician to lose 
more freedom than he gains in the way of 
benefits? Do unions provide the muscle to keep 
physicians from getting pushed around by the 
insurance industry and government? Read this 
frank and thoughtful appraisal by an internist who 
feels whipsawed by competing demands on his 
time, skill, and good will. 


George L. Engel, M.D. ® TODAY’S MEDICAL STUDENT: 


MORE OVERLOADED THAN 
EDUCATED? 


Has the scientific explosion spawned information 
far too great for students to learn during medical 
school years? Dothey have more to learn now 
than students in the past? The author delivers 
some surprising verdicts. 


And in June ® THE CHALLENGE TO 


A Special Study of 
an Issue of 
Critical Concern 
to Physicians: 


CONFIDENTIALITY 

The June PRISM will feature a special 48-page 
section devoted to a comprehensive, in-depth 
study and discussion of this very important 
subject. Don't miss it! 
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Letters =o the Editor 


Autotranstusion in 
Three Variations 


To the Edttor.—I write to comment 
on the artcle “Autotransfusion in 
Three Variations” by Couch et al 
(Arch Surg 108:121, 1974). The au- 
thors note that pzeoperat:ve blood 
can be collected and stored without ill 
effects if crally administered iron 
supplements are given daily. 

I urge the use of preoperative blood 
collection asa routine prior to elective 
surgery. Thss would reduce the inci- 
dence of transfusion hepatitis in two 
ways: (1) If she patient who gave the 
blood required trarsfusion, his own 
blood would de used. (2) If the patient 
did not require transfusion, his blood 
could be pu in the blood bank and 
used for other patients. This blood 
would not | kely transmit hepatitis 
since patients who are to undergo 
elective surgery should have had ade- 
quate invest.gation to rule cut hepa- 
titis. Moreover, in the postoperative 
period the patient ean easily be ob- 
served to determine if he has devel- 
oped hepatitis that was incubating 
preoperative y. 

I think patients who are about to 
undergo eleetive surgery are ideal 
blood donors their hematocrit read- 
ing and gereral health permitting. 
They are ideal because they are under 
the care of a physic-an prior to, dur- 
ing, and following surgery, and there- 
fore are not likely to have undiag- 

nosed hepati-is. 
| EuGENE D. Grierson, MD 
Los Anzeles 


Enterelith S nall Bowe! Obstruction 
(Pseudogallstone Ileus) 


To the Editor.—A 70-year-old 
woman had symptoms and findings 
typical of small bowel obstruction. 
Previously ske had had a hysterec- 
tomy, appencectomy. fractured cervi- 
cal spine, chclecysteetomy, fractured 
hip, and parEinsonism for 15 years. 
She also had aad upper gastrointesti- 
nal tract and barium enema x-ray 
studies that were unremarkable. She 
had been taking 2,500 mg of levodopa 
daily. 

A mass, described as a “huge ball- 
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like fecal impaction,” could be pal- 
pated rectally and vaginally. The ab- 
domen was distended and tympanitiec. 
A flat plate of the abdomen showed 
dilated loops of small bowel measur- 
ing up to 6 cm in diameter. with air- 
fluid levels. Nasogastric suction was 
instituted and the returns were fecal. 

At laparotomy, distended loops of 
small bowel and a large egg-shaped 
intraluminal obstruction in the distal 
ileum were encountered. An anti- 
mesenteric enterotomy was made, 
and the large calculus removed. The 
enterotomy was closed without resec- 
tion. Postoperatively, bowel function 
resumed rapidly. 

The calculus weighted 75 gm, mea- 
sured 6.5 cm X 4.5 em, and could be 
bisected only with a power saw. Post- 
operative roentgenographic studies 
of the calculus showed no radiopacity. 

The term “enterolith” is applied to 
calculi that form within the intestinal 
lumen. There have been no previous 
cases reported of enterolith forma- 
tion in patients taking levodopa. 


Other cases have been reported, but 


none with a calculus of this propor- 
tion. Clinical diagnosis of an entero- 
lith prior to surgery is unusual, and 
roentgenographic diagnosis is not 
possible unless it is calcific. 
Victor S. FALK, MD 
Edgerton, Wis 


Primary Suture of Eroded 
Innominate Artery 


To the Editor.—The August 1972, is- 
sue of the ARCHIVES included the pa- 
per we presented at the Central Sur- 
gical Association reporting cases of 
tracheal innominate artery fistula.’ 
We cited three reported cases of sur- 
vival of this catastrophe, published in 
English, in the American literature, 
the earliest in 1968. However, one of 
the members of our clinic, Dr. Michel 
Roy, published a previous report in 
French in 1962, which makes it the 
first case of survival of this complica- 
tion known to us. The following is the 
translation by Dr. Roy of an abridged 
version of his case report. 

A 31-year-old female entered the hospi- 
tal for a viral encephalomyelitis with pro- 
gressive ascending paralysis affecting the 


respiration. A tracheostomy was done at 
the level of the second tracheal ring. The 
automatic respirator was connected to the 
metal tracheal cannula. Two days later, 
a massive hemorrhage from the neck oc- 
curred. The blood occluded the trachea. 
The patient became pulseless and uncon- 
scious. Emergency care consisted of tra- 
cheal aspiration, compression of the right 
side of the neck, replacement of the can- 
nula by an endotracheal tube, and transfu- 
sion of 4 liters of O negative blood through 
a left saphenous vein cutdown. The patient 
became conscious again. A small perfora- 
tion of the innominate artery was surgi- 
cally repaired. The patient recevered com- 
pletely. 

Six days later a second hemorrhage oc- 
curred and the innominate artery was su- 
tured a second time. Two weeks later the 
paralysis subsided completely. The tra- 
cheostomy closed spontaneously, and the 
patient was discharged from the hospital 
in good condition. 

This is a most remarkable case and 
the only one we know of where such a 
primary suture of the innominate ar- 
tery was successful. 

The vascular surgeon, Dr. John 
Smith, who operated on this patient 
during the time Dr. Roy was House 
Officer at the Huron Road Hospital, 
East Cleveland, Ohio, has since moved 
to Canada and we would like to con- 
tact him through the “Letters to the 
Editor” column, as we are sure he will 
recognize his case. Two questions that 
we feel need answering are: (1) Was 
only resuture carried out at the sec- 
ond operation or was the innominate 
artery ligated as well? (2) Was the 
perforation of the innominate artery 
regarded as an operative (tracheos- 
tomy) injury or an erosion? 

WILLIAM O. MEYERS, MD 
MICHEL Y. Roy, MD 

BEN R. LAwTon, MD 
RICHARD D. SAUTTER, MD 
Marshfield, Wis 
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Books 


Robert M. Goldwyn, MD 
Book Review Editor 
1101 Beacon St 
Brookline, Mass 02146 


Hamilton Bailey’s Demonstrations of 
Physical Signs in Clinical Surgery. 
Edited by Allan Clain, MB. Price, $33.25. Pp 620. 
Williams & Wilkins Co, 428 E Preston St, Balti- 
more, 21202, 1973. 


Sir James Frazier wrote about tem- 
ples sacred to Dionysus that were oc- 
cupied by a single runaway slave. He 
ate the offerings, copulated with cere- 
monial virgins, and generally had a 
fine time until he was killed by his 
successor, who inherited the temple. 
The authors of “standard” texts must 
enjoy their prestige in a similar man- 
ner, nervously eyeing the competi- 
tion, knowing that time inevitably 
will render their classic obsolete. And 
yet, after 15 editions in English and 
13 in other languages, we have Ham- 
ilton Bailey’s Demonstrations of 
Physical Signs in Clinical Surgery. It 
is still the standard text. The current 
editor, Allan Clain, has wisely 
changed very little. 

Why is it the standard? Mostly be- 
cause of superior writing, informed 
footnotes, clear photographs, good in- 
dex, and near encyclopedic contents. 
Granted, the subject is relatively 
stable, but the writing is sure and 
brief. How could you condense or im- 
prove these sentences? “Two black 
eyes following one injury indicate 
fracture of the base of the skull.” 
“The umbilicus is a creek into which 
one of many fistulous streams can be 
diverted.” 

Brief footnotes inform us about the 
men whose names are attached to all 
the signs and symptoms of disease, 
sometimes with a whimsical bonus. I 
enjoyed this one: “Thomas Hodgkin, 
1798-1866: Curator of the Museum of 
Guy’s Hospital, London, where he 
failed to obtain the post of Physician. 
Therefore abandoning medicine, he 
devoted his life to missionary work.” 
The footnotes contain occasional mi- 
nor error, paradoxically introduced 
since the last edition (Harvey Cush- 
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ing at the John Hopkins Hospital in 
Boston.) 

The book is packed with over 900 
photos and drawings, some of which 
are apparently intact from the very 
first edition. Color is used extensively; 
all illustrations are clear and demon- 
strate the sign in question. The poor 
patients have probably long since 
gone on to their reward, but their 
faces and troubles are still strangely 
current. The man in Fig 771 still is 
unable to abduct his shoulder, the ma- 
lingerer in Fig 103 with pins stuck 
through his arm forever grins idiot- 
ically. 

The index is well set up for refer- 
ence; it is also fun to read as a sort of 
test—can you tell the difference be- 
tween miner’s elbow, tennis elbow, 
golfer’s elbow, cab driver’s elbow, 
baseballer’s elbow, student’s elbow, or 
a pulled elbow? 

Any surgeon who does not own a 
previous edition will not regret pur- 
chase of this one. This temple will be 
under the same management for 
some time to come. 

HARRY ZEHNER, JR., MD 
Washington, DC 


Current Surgical Diagnosis and Treat- 
ment. Edited by J Englebert Dunphy, MD, 
Lawrence W Way, MD. Price, $14. Pp 1,108. 
Lange Medical Publications, Los Altos, Calif, 
1973. 


This is an authoritative new surgi- 
cal textbook that is published in pa- 
perback at a bargain price for these 
days of inflation. The authors, in- 
cluding 60 associate authors, are 
associated with the University of Cal- 
ifornia School of Medicine (San Fran- 
cisco). The entire field of general 
surgery, its specialities and sub- 
specialities, are covered. The first 
14 chapters are devoted to the basic 
information that is essential to pro- 
vide quality care for the surgical pa- 
tient. Incidentally, the chapter on le- 


gal medicine for the surgeon should 
be required reading for students, 
residents and practitioners. The re- 
maining chapters deal with clinical 
syndromes and surgical diseases of 
organ systems and, as the title im- 
plies, diagnosis and treatment are 
equally and adequately stressed. The 
numerous illustrations are lucid and 
each chapter has a short but well-se- 
lected list of references. It would be 
difficult to pick out the outstanding 
chapters since they all are uniformly 
well done. The final chapter of the 
book is unique and deserves mention 
because it is concerned with surgical 
diagnostic and therapeutic proce- 
dures usually done under local anes- 
thesia. Such procedures, formerly 
known as minor operations, are fre- 
quently glossed over in surgical text- 
books. However, they are most impor- 
tant to the patient, as he is usually 
aware of how and what is being done 
to him. This is a superb book and is 
highly recommended to students, 
residents, and practicing surgeons. 
The latter will find it a handy refer- 
ence for up-to-date information on 
the less common conditions they may 
encounter. 

Tuomas W. Botsrorp, MD 

Boston 


Head and Neck Injuries in Football. By 
Richard C Schneider, MD. Price, $18.75. Pp 272. 
Publisher: Williams & Wilkins Co, 428 E Preston 
St, Baltimore, MD 21202, 1973. 


Duffy Dougherty pointed out that 
football is not a contact sport. “Danc- 
ing,” he said, “is a contact sport; foot- 
ball is an impact sport.” For more 
than 20 years Dr. Schneider has stud- 
ied the neurological injuries (and they 
are the devastating and fatal ones) 
associated with the game and he has 
identified and documented the mech- 
anisms by which certain kinds of im- 


Books 


pact can damage the bran and spinal 
cord. He is professor ane head of the 
Section of Neurosurgery at the Uni- 
versity of Michigan, onetime member 
of the Board of Control of Inter- 
collegiate Athletics there, and for ten 
years was a member of the American 
Medical Association’s Cemmittee on 
the Medical Aspects of Sports. 

This book was written in the inter- 
est of athletes whe are et risk and it 
is aimed, not only at specialists in 
neurosurgery and orthopedics, but at 
those who are responsble for the 
conduct of footha!l games—coaches, 
trainers, team physicians, and offi- 
cials. Each can learn from this vol- 
ume. 

The initial chapter deals with the 
incidence of serious injury and death 
and it is succeeded by a pair of chap- 
ters on the anatomy anc the classifi- 
cation of craniocerebral injuries. A 
similar pair on the anatemy and the 
classification of spinal trauma is fol- 
lowed by a detailed anc very inter- 
esting consideration of the mecha- 
nisms by which injuries occur. An 
analysis of serious injuries during 
rugby completes tke firs. half of the 
book. 

In the second hal?, colleéborators are 
introduced. Roberz A. Moore has 
joined with Schneider in a superficial 
account of the psychological aspects 
of sports, a case report of uncon- 
trolled violence with an analysis of 
its neural substrate is presented to- 
gether with Elizabeth C. Crosby, and 
the role of electroencephalography is 
presented with Kenneth M. Kooi and 
Hazel D. Calhoun. Three chapters on 
treatment of head end spinal injuries, 
one on experimentel injuries, and an- 
other on design and testing of foot- 
ball helmets precede the final and 
important summary of Sehneider’s 
recommendations for the prevention 
of injuries to the nervous system. 

Should a boy whe has epilepsy play 
competitive football? What about the 
skinny youth? Should children in 
grade school compete? Coasidered but 
direct answers are given <o these and 
ether questions. In a broader context 
though, I believe that Schneider has 
laid a factual and scientific basis on 
which decisions of an ethical kind 
need to be made. 

The book is well-proeuced, illus- 
trated, and indexed. It will interest 
physicians concerned witk sport, neu- 
rologists, neurosurgeons, and ortho- 
pedic surgeons. Buz it is basically a 
work on industrial medicine and 
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ought to have a wide audience among 
those responsible for the conduct of 
the football industry. 
KEASLEY WELCH, MD 
Boston 


Current Practice in Orthopaedic Sur- 
gery. Edited by James P Ahstrom, Jr, MD. 
Price, $29.50. Pp 308. CV Mosby Co, 11830 West- 
line Industrial Dr, St. Louis 63141, 1973. 


Periodic review of the methods 
used in the treatment of familiar dis- 
eases is necessary and beneficial. This 
book, the fifth volume of such a re- 
view, deals with diseases or injuries 
of the spine, knee, and hip. Also, there 
are single chapters on muscular dys- 
trophy and congenital absence of the 
thumb. 

The book begins with a detailed 
discussion of pollicization in congeni- 
tal absence of the thumb written by 
the editor of this volume. The chapter 
reviews the history of pollicization 
followed by an explicit description of 
his operative technique and an in- 
depth review of his results in 11 cases. 
This is the reference to use in the 
treatment of this infrequently en- 
countered anomaly. 

There are four chapters concerning 
the axial skeleton, including a discus- 
sion of the difficulties of diagnosing 
injuries of the cervical spine in early 
childhood, a statistical study of sco- 
liosis in cerebral palsy patients, fol- 
lowed by a comprehensive review of 
the current treatment of scoliosis, 
and a concise analysis of the manage- 
ment of low back pain based on the 
personal experience of the author. 

The three chapters of the book that 
deal with the knee are varied in their 
approaches. In the first, the technique 
of arthroscopy and proper use of the 
instruments is described in detail, 
along with pertinent hints to avoid 
frequently encountered pitfalls. The 
second chapter contains profuse de- 
scriptions of the anatomy of the knee, 
and examination and diagnostic tests 
for ligamentous injuries. Finally, 
treatment of arthritis of the knee is 
outlined satisfactorily, but we must 
await further information on the use 
of the geomedic knee arthroplasty. 

The protocol for preoperative and 
postoperative management, along 
with a description of the operation, is 
covered in the chapter on total hip re- 
placement, followed by the chemistry 
and physics of methyl methacrylate. 
A current report on the efficacy of 
surgical treatment and the proper use 


of braces for the patient with muscu- 
lar dystrophy concludes the book. 

Although each of the 11 authors has 
his own style, the entire book is well 
written and easily read. The tables 
and figures are presented distinctly, 
except for the operative photographs 
in Fig 9-14, 9-15, 9-19, 9-20, 9-21, 9-22, 
and 9-23. There is a detailed explana- 
tion printed below these, and the 
figures are supplemented by small su- 
perimposed arrows pointing to the 
specific area being described. Never- 
theless, it is difficult to discern the de- 
tails referred to in the captions. 

The volume will offer the surgeon a 
new approach to many of the difficult 
musculoskeletal problems he faces in 
his daily practice. 

NorMAN W. BEBERMAN, MD 
Fitchburg, Mass 


Principles of Immunology. Edited by Noel 
R Rose, MD, PhD; Felix Milgrom, MD; Carel J. 
van Oss, PhD. Price, $14.95. Pp 468. Publisher: 
Macmillan Co, 866 Third Ave, New York, NY 
10022, 1973. 


The city of Buffalo, NY, has re- 
cruited and developed some of the 
best talent in immunology in this 
country, and it would seem appropri- 
ate for them to combine their efforts 
to produce a textbook. Unfortunately, 
the Principles of Immunology does 
not do justice to their individual or 
combined knowledge of this subject. 
By their stated goal, the book is 
aimed at the beginning student and 
is composed in a graduated fashion to 
provide knowledge of basic science 
principles and clinical applications. 
As is so often true of multiauthored 
books, there is an unevenness be- 
tween chapters that demands an ex- 
treme variance of prior knowledge 
for complete comprehension. Some 
chapters are sophomoric in content, 
yet others require considerable 
knowledge of physical sciences for 
understanding. There is a failure to 
define many terms that are common- 
ly used by immunologists, but in- 
frequently used by scientists of other 
disciplines. The method of approach 
continually changes from one of 
simple conceptualization to one in- 
volving the use of complex chemical 
terms and physical phenomena. For 
the uninitiated, explanations by the 
use of illustrations, charts, graphs, 
and so on can greatly facilitate the 
learning process. In this book illustra- 
tive material is sparse and, for the 
most part, inappropriate. 
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As in any textbook, there are state- 
ments that are either erroneous or in- 
completely true. At one point a com- 
ment was made that “monomeric IgM 
is at least pentavalent” and in an- 
other chapter, IgM is described as 
having ten binding sites. In both in- 
stances, the statements are mis- 
leading. It is also stated that the en- 
hanced ability of the IgM molecule to 
agglutinate erythrocytes is a function 
of its multiple binding sites without 
giving credence to the possibility that 
the greater size of the IgM molecule 
may serve to neutralize the repelling 
force of zeta potential on the surface 
of erythrocytes. 

Immunology, as a medical science, 
has been more dependent on animal 
experimentation than any other med- 
ical field. Again, there is an uneven- 
ness to the approach of the book in 
failing to define concepts in terms of 
the animal system to which they ap- 
ply. Some of the chapters are precise 
in this respect; others give the im- 
pression that the data are wholly 
applicable to the human, whereas in 
fact they are mainly based on animal 
work. The bibliography at the end of 
each chapter is almost meaningless; a 
suggested reading list for those who 
wished to study particular aspects in 
more detail would have been better. 

Despite these objections, I enjoyed 
reading this book and would recom- 
mend it to immunologists for their 
consideration. The writing style is 
pleasant and almost conversational. 
For those involved in pedigogy, use- 
ful methods of presentation will be 
learned. I only hope that the authors 
will use this book as the initial en- 
deavor for a future expanded version 
that will provide the beginning stu- 
dent with an understandable ap- 
proach to current immunological con- 
cepts. 

ALTON J. Morris, MD 
Springfield, Ill 


Preventing V.D. and Cancer by Circum- 
cision. By Abraham Ravich, MD. Price, $9.95. 
Pp 211. Philosophical Library Inc, 15 E 40th St, 
New York, NY 10016, 1973. 


Dr. Ravich is a retired urologist 
who sets forth in his book his strongly 
felt concepts on venereal disease, can- 
cer, and the foreskin. Through his 
early practice, which was heavily 
Jewish, he noted a very low incidence 
of prostatic carcinoma in his Jewish 
patients in comparison to non-Jewish 
patients and suggested a viral cause 
for this problem. The virus was pre- 
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sumably carried in the smegma under 
the uncircumcised foreskin. Cancer of 
the cervix in the female partners of 
the uncircumcised male may also be 
related to this carrier state. These 
concepts have been mused over for 
many years in medical circles and cer- 
tainly the viral cause of cancer is re- 
gaining scientific credence. Dr. Rav- 
ich unfortunately was premature in 
these beliefs and, like many pioneers, 
apparently disregarded. 

This book is primarily a biography 
of this distinguished urologist, with 
interesting historical perspectives of 
the early days of urology in New 
York City. It is a good source for the 
literature that has sprung up around 
the controversy over whether circum- 
cision is or is not a necessary health 
measure. Dr. Ravich thinks it is. 

SOLOMON BERG, MD 
Brookline, Mass 


An Atlas of Head and Neck Surgery, vol 
1 and 2. By John M Lore, Jr, MD. Price, $40. Pp 
485 (vol 1), 451 (vol 2). Publisher: WB Saunders 
Co, West Washington Sq, Philadelphia, PA 19105, 
1973. 


Expanded, refurbished, and up- 
dated since the first edition 11 years 
ago, this atlas is now two volumes, 
each a more commodious size than the 
1963 progenitor. Dr. Lore has in- 
tended it for “the ecumenical ap- 
proach in both patient care and resi- 


dent training in the field of head and: 


neck surgery,” and he has succeeded 
well, 


in logical sequence sound techniques 
and he has also emphasized the indi- 
cations for a procedure, the “high- 
points” and complications. With a 
praiseworthy economy of words, he 
has furnished the reader with much 
important information. 

The black and white drawings by 
Robert Wabnitz are excellent. Those, 
for example, on cleft lip repair are su- 
perb. The colored illustrations, though 
accurate, are slightly disappointing 
because their tone has an unreal qual- 
ity. 

This book is most useful for its ma- 
terial on tumor eradication, less 
strong in reconstruction, and weakest 
in esthetic surgery. The obvious prob- 
lem for a work of this sort is to decide 
what to include under the rubric of 
head and neck surgery. The reader 
might be surprised to note the ab- 
sence of a section on face-lift, eye- 
lidplasty, and mentoplasty, even 
though rhinoplasty and otoplasty are 


The author has precisely described 


discussed. This criticism should not 
obscure the great worth of this publi- 
cation for those learning a procedure. 
Moreover, even the experienced, who 
might prefer their own methods, can 
cull many practical points to the ben- 
efit of the patient. 

RoBERT M. GoLpwyn, MD 

Brookline, Mass 


Books Received But 
Not Reviewed 


Instructional Course Lectures, vol XVIII 
and J1 and J2. By the American Academy of Or- 
thopedic Surgeons. Price, $38.50. Pp 684. CV 
Mosby Co, 11830 Westline Industrial Dr, St. 
Louis 63141, 1973. 


Advances in Cardiology: Myocardial In- 
farction—A New Look at an Old Sub- 
ject. Edited by John H K Vogel. Price, $30.40. 
Pp 225. S Karger AG, Arnold-Bocklin Strasse 25, 
CH-4011 Basel, Switzerland, 1973. 


Progress in Surgery, vol 12. Edited by M 
Allgower et al. Price, $39.25. Pp 204. S Karger 
AG, Arnold-Bocklin Strasse 25, CH-4011 Basel, 
Switzerland, 1973. 


Tropical Neurology. Edited by J D Spillane, 
MD. Price, $31. Pp 448. Oxford University Press, 
200 Madison Ave, New York 10016, 1973. 


Les Entrentions De Bichat. By Faculte de 
Medecine Pitie-Salpetriere. Price, not given. Pp 
501. Expansion Scientifique Francaise, 15, Rue 
Saint-Benoit, Paris 6e, France, 1973. 


Illustrated Preoperative and Postopera- 
tive Care. By Philip Thorek, MD. Price, $8.75. 
Pp 147, with 79 illustrations. JB Lippincott Co, 
East Washington Square, Philadelphia 19105, 
1973. 


Hepatologie. Price, not given. Pp 220. Dr. 
Falk GmbH & Co, Pharmaz Praparate KG, D-78 
Freiburg i Br, 1973. 


Colon and Rectal Surgery: Continuing 
Education Review. By Eric J Lazaro, MD, 
FRCS. Price, not given. Pp 214. Medical Exami- 
nation Publishing Co Inc, 65-36 Fresh Meadow 
Lane, Flushing, NY 113865, 1973. 


Computer Techniques in Biomedicine 
and Medicine. Edited by Enoch Haga, PhD. 
Price, $24.95. Pp 358. Auerbach Publishers Inc, 
121 N Broad St, Philadelphia 19107, 1973. 


Orthopaedics Review Book: Essay 
Questions and Answers. By H Todd Strad- 
ford, MD. Price, $10. Pp 217. Medical Examina- 
tion Publishing Co, Inc, 65-36 Fresh Meadow 
Lane, Flushing, NY 11365, 1973. 


Your Personal Learning Plan: A Hand- 
book for Physicians. By Leonard S Stein, 
PhD. Price, $1. Pp 32. Illinois Council on Contin- 
uing Medical Education, 360 N Michigan Ave, 
Chicago 60601, 1973. 


Freedom From Backaches. By Lawrence 
W Friedmann, MD, Lawrence Galton. Price, 
$7.95. Pp 254. Simon & Schuster, New York, 1973. 


Corneal Graft Failure: Ciba Foundation 
Symposium 15. Price, $21. Pp 363. American 
Elsevier Publishing Co, Inc, 52 Vanderbilt Ave, 
New York 10017, 1973. 
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Dalmane 
tlurazepam HCI 





e induces sleep within 17 
minutes, on average 

e reduces nighttime 
awakenings 

e provides 7 to & hours 
sleep, on average, without 
repeating dosage 


Before prescribing Dalmane (flurazepam 
HCI), please consult Complete Product 
Information, a summary of which follows: 


Indications: Effective in all types of insomnia 
characterized by difficulty in falling asleep, 
frequent nocturnal awakenings and/or early 
morning awakening; in patients with recurring 
insomnia or poor sleeping habits; and in 
acute or chronic medical situations requiring 
restful sleep. Since insomnia is often transient 
and intermittent, prolonged administration is 
generally not necessary or recommended. 


Contraindications: Known hypersensitivity 
to flurazepam HCl. 


Warnings: Caution patients about possible 
combined effects with alcohol and other 
CNS depressants. Caution against hazardous 
occupations requiring complete mental alert- 
ness (e.g., operating machinery, driving). 
Use in women who are or may become preg- 
nant only when potential benefits have been 
weighed against possible hazards. Not 
recommended for use in persons under 15 
years of age. Though physical and psycho- 
logical dependence have not been reported 
on recommended doses, use caution in 
administering to addiction-prone individuals 
or those who might increase dosage. 


Precautions: In elderly and debilitated, initial 
dosage should be limited to 15 mg to preclude 
oversedation, dizziness and/or ataxia. If 
combined with other drugs having hypnotic 
or CNS-depressant effects, consider potential 
additive effects. Employ usual precautions 

in patients who are severely depressed, or 
with latent depression or suicidal tendencies. 
Periodic blood counts and liver and kidney 
function tests are advised during repeated 
therapy. Observe usual precautions in 
presence of impaired renal or hepatic function. 


Adverse Reactions: Dizziness, drowsiness, 
lightheadedness, staggering, ataxia and 
falling have occurred, particularly in elderly 
or debilitated patients. Severe sedation, 
lethargy, disorientation and coma, probably 
indicative of drug intolerance or overdosage, 
have been reported. Also reported were 
headache, heartburn, upset stomach, nausea, 
vomiting, diarrhea, constipation, GI pain, 
nervousness, talkativeness, apprehension, 





irritability, weakness, palpitations, chest 
pains, body and joint pains and GU com- 
plaints. There have also been rare occurrences 
of sweating, flushes, difficulty in focusing, 
blurred vision, burning eyes, faintness, 
hypotension, shortness of breath, pruritus, 
skin rash, dry mouth, bitter taste, excessive 
salivation, anorexia, euphoria, depression, 
slurred speech, confusion, restlessness, 
hallucinations, and elevated SGOT, SGPT, 
total and direct bilirubins and alkaline 
phosphatase. Paradoxical reactions, e.g., 
excitement, stimulation and hyperactivity, 
have also been reported in rare instances. 


Dosage: Individualize for maximum beneficial 
effect. Adults: 30 mg usual dosage; 15 mg 
may suffice in some patients. Elderly or 
debilitated patients: 15 mg initially until 
response is determined. 

Supplied: Capsules containing 15 mg or 

30 mg flurazepam HCl. 
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If “trouble sleeping” 
means trouble falling 


aslee ... You're probably hearing the complaint of a young adult insomnia 
patient.! And if he could spend the night in a sleep research laboratory, 


objective physiologic measurements of the first third of his night might 
yield a “sleep profile” resembling the one shown on this page. The same 
objective techniques, in clinical sleep research laboratory studies, have 
demonstrated the effectiveness of Dalmane (flurazepam HCl). 
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Dalmane 
flurazepam HC 


One 30-mg capsule h.s.— usual adult dosage 
(15 mg may suffice in some patients ). 

One 15-mg capsule h.s. — initial dosage for 
elderly or debilitated patients. 


einduces sleep within 17 minutes, on average 
ereduces nighttime awakenings 


e provides 7 to 8 hours sleep, on average, 
without repeating dosage 
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To the patient who faces a long hospital stay, the prospect of 
wakeful nights in unfamiliar surroundings is particularly 
distressing. That’s one reason why insomnia is often a complaint 
among hospitalized patients. 

Yet sleep is the concern of the vigilant physician as well as 
his patient. Adequate sleep may well be an important element in 
the patient's recuperation...and too little of it may be detrimental.’ 


Mane (ilurazepam HCI) 





for 7 to 8 hours of sleep, on average, 
without repeating dosage... 


For the patient who can’t get to sleep, one 30-mg capsule of 
Dalmane (flurazepam HCl) induces sleep rapidly, on average, 
within 17 minutes.?> For the patient who awakens frequently 
during the night or too early in the morning, Dalmane reduces the 
number of nighttime awakenings and, on average, provides 7 to 

8 hours of sleep without repeating dosage.?> This effectiveness 

has been thoroughly documented in the sleep research laboratory.?° 
(For elderly or debilitated patients, it is recommended that 

therapy be initiated with 15 mg A.s. ) 





1,2.8,10,11,14 


for relative safety 


Dalmeane (flurazepam HCl) is a distinctive sleep medication —a 
benzodiazepine specifically indicated for insomnia. It is not a 
barbiturate or methaqualone, nor is it related chemically to 
any otner available hyprotic. | | 

_ Dalmane is general y well R morning “hang-over” 
has been relatively infrequent. While dizziness, drowsiness, 
lightheadedness and the like have been noted most often, 
particularly in the 2Ilder!y and debilitated, physicians should be 
aware of the possibility of more serious reactions. Before 
prescribing, consult nee Product Information. 


fora wide range _ Dalmane 
of patients, :ncluding (flurazepam HCl) 


DETR. when restful sleep 


warfarin” 1s indicated 


One 30-mg capsule h.s. — 

Hospitalized patients," ''? “private practice” usual adult dosage 
patients, '* the chronica ly ill,'> adult patients of ° apie PY - 
all ages have been treated with Dalmane. Its One 15-mg capsule h.s.— 
consistent effectiveness has been repeatedly con- see Nene sat tor 
firmed in standard clinza! studies all over the debilitated Patina: 
United States. Three double-blind hospital studies 
showed thaj Dalmane can relieve insomnia in postsurgical 
patients ” ..patients with orthopedic problems '. „psychiatric 
patierts.’* 

An added benefit: Jalmana and warfarin may be used 
concurrently without risk of unacceptable fluctuation 1 in 


prothrombin time. ®” 


«mae 


Please see following page for a summary of Complete Product Information. ) ; 
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when restful sleep 

1s indicated 
Dalmane 
(ilurazepam HCI) 





e induces sleep within 17 
minutes, on average 

e reduces nighttime 
awakenings 

è provides 7 to 8 hours 

of sleep, on average, 
without repeating dosage 


Before prescribing Dalmane (flurazepam 
HCI), please consult Complete Product 
Information, a summary of which follows: 


Indications: Effective in all types of insomnia 
characterized by difficulty in falling asleep, 
frequent nocturnal awakenings and/or early 
morning awakening; in patients with recurring 
insomnia or poor sleeping habits; and in 

acute or chronic medical situations requiring 
restful sleep. Since insomnia is often transient 
and intermittent, prolonged administration is 
generally not necessary or recommended. 


Contraindications: Known hypersensitivity 
to flurazepam HCI. 


Warnings: Caution patients about possible 
combined effects with alcohol and other — 
CNS depressants. Caution against hazardous 
occupations requiring complete mental alert- 
ness (e.g., operating machinery, driving). 
Use in women who are or may become preg- 
nant only when potential benefits have been 
weighed against possible hazards. Not 
recommended for use in persons under 15 
years of age. Though physical and psycho- 
logical dependence have not been reported 
on recommended doses, use caution in 
administering to addiction-prone individuals 
or those who might increase dosage. 


Precautions: In elderly and debilitated, initial 
dosage should be limited to 15 mg to preclude 
oversedation, dizziness and/or ataxia. If 
combined with other drugs having hypnotic 
or CNS-depressant effects, consider potential 


additive effects. Employ usual precautions 


in patients who are severely depressed, or 
with latent depression or suicidal tendencies. 
Periodic blood counts and liver and kidney 
function tests are advised during repeated 
therapy. Observe usual precautions in 
presence of impaired renal or hepatic function. 


Adverse Reactions: Dizziness, drowsiness, 
lightheadedness, staggering, ataxia and 
falling have occurred, particularly in elderly 
or debilitated patients. Severe sedation, 
lethargy, disorientation and coma, probably 
indicative of drug intolerance or overdosage, 
have been reported. Also reported were 
headache, heartburn, upset stomach, nausea, 
vomiting, diarrhea, constipation, GI pain, 
nervousness, talkativeness, apprehension, 
irritability, weakness, palpitations, chest - 
pains, body and joint pains and GU com- 
plaints. There have also been rare occurrences 
of sweating, flushes, difficulty in focusing, 
blurred vision, burning eyes, faintness, 
hypotension, shortness of breath, pruritus, 
skin rash, dry mouth, bitter taste, excessive 
salivation, anorexia, euphoria, depression, 
slurred speech, confusion, restlessness, 
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hallucinations, and elevated SGOT, SGP’ 
total and direct bilirubins and alkaline 

phosphatase. Paradoxical reactions, e.g., 
excitement, stimulation and hyperactivit 
have also been reported in rare instances 


Dosage: Individualize for maximum ben 
effect. Adults: 30 mg usual dosage; 15 m; 
may suffice in some patients. Elderly or 
debilitated patients: 15 mg initially until 
response is determined. 

Supplied: Capsules containing 15 mg or 
30 mg flurazepam HCl. 
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Editorials 





Autotransfusion—Safe at Any Speed? 


Eapen eutotransfusion has great appeal; 
with the rationing of our natural resources a short step 
away, its reintroduction is timely. However, as Drs. Aar- 
on, Beazley, and Riggle point out (see page 831), the 
“blood” that is readied for reinfusion differs both from the 
“blood” that is shee and from the “blood” preserved in the 
bank. 

Several questions raised by this article have plagued us 
as we have reviewed our experience. 

First, are red cells preserved or destroyed? Clearly, the 
technique of aspiration is traumatic, and hemolysis is 
quite striking. For example, we found that red cell mass 
as determined by chromium labeling studies was reduced 
by approximately 50% in five patients who received an 
average of 4.5 liters of autctransfused blood during aortic 
_ resections. 

Second, do platelets function properly? As the authors 
point out, aggregates appear in the aspirated blood. Some 
of these particles cre undoubtedly macroaggregates, such 
as fat globules, tissue particles, and so forth. Recent evi- 
dence, at least in some animal species, suggests that a re- 
versible form of platelet aggregation occurs as well. On 
the other hand, we have found that platelets obtained 
from aspirated blcod do net aggregate or take up or re- 
lease serotonin when exposed to epinephrine or adenosine 
diphosphate. However, following reinfusion of up to 4.5 li- 
ters of this aspirated bleod, platelets in the blood stream 
function normally. Whether the abnormal platelets are se- 
questered or metabolically restored is not known. The ef- 
fect of suctioning on platelet function is a subject that de- 
serves further study. 
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Third, what form of anticoagulation works best? Sys- 
temic heparinization is convenient for elective vascular 
procedures but may be dangerous under other circum- 
stances. The authors’ technique of local heparinization is 
ingenious. However, the same result can be obtained by 
infusing the anticoagulant through a simple T-connector 
in the aspirating line. Furthermore, it may be more prac- 
tical to use acid-citrate dextrose (ACD) or citrate-phos- 
phate dextrose (CPD) solution. We have successfully used 
the former substance in quantities of 30 m1/500 ml blood. 

Fourth, is intravascular coagulation a potential conse- 
quence of autotransfusion? Several investigators have re- 
ported this complication following massive reinfusion. It 
is not clear, however, whether this was a result of the 
trauma, the homologous transfusions, or the technique of 
reinfusion. In our patients fibrin and fibrinogen degrada- 
tion products were present before autotransfusion and 
were not increased by the procedure. 

Autotransfusion is safe at moderate speeds. If less than 
1 liter of blood is lost, the technique is an unnecessary nui- 
sance, requiring extra equipment and personnel. In elec- 
tive vascular procedures, it appears efficacious. In the 
management of major vascular injuries, it may be lifesav- 
ing. Further studies, such as the one reported here, will be 
necessary before the proper role of autotransfusion is de- 
termined. 


BRUCE J. BRENER, MD 

Newark Beth Israel Medical Center 
201 Lyons Ave 

Newark, NJ 07112 
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Hemorrhoids 


A ne editor inevitably comes to look at profes- 
sional articles with a different eye from that of most 
workers on the firing line of medical activities. He looks 
for clarity of thought and expression; techniques of expo- 
sition and illustration that excite the reader’s interest; 
and an engaging format. He leaves the originality of an 
article and its significance to his expert editorial staff. 
Hence when he browses in the library, he scans the rack of 
the current journals first with a view to finding ideas that 
can improve his own publication. The other day, however, 
I reverted to the worker’s role. A special title caught my 
eye, “Arteriovenous Anastomoses in the Anal Region with 
Reference to the Pathogenesis and Treatment of Hemor- 
rhoids” (Acta Chir Scand 139:476, 1973). 

In a group of anal regions, three normal, eight with 
primary hemorrhoids, and six with hemorrhoids of preg- 
nancy, the authors, Thulesius and Gjéres, determined par- 
tial pressures of oxygen (Po,) and percentages of oxygen 
saturation in the hemorrhoidal blood. They found the for- 
mer to average 95.6 mm Hg and the latter 97.4%, while 
simultaneous mean values for systemic arterial blood 
were 98 mm Hg and 97%, respectively. The subjects were 
breathing room air, and samplings of the systemic venous 
blood gave a Po, value of 37.3 mm Hg and an oxygen satu- 
ration of 60.7%; the portal venous blood measurements 
gave a Po, of 54.0 mm Hg and an oxygen saturation of 


/ 
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83%. Values were similar in both sorts of hemorrhoids and 
in normal subjects. 

Although no pressures were measured, local blood flow 
measured by a thermal conductivity probe showed de- 
creases of 12% to 28% when a topical vasoconstrictor was 
used. To the authors this signified the dependence of the 
blood flow of the anorectal mucosa on arterial influences, 
since venous flow responds less readily to vasoconstriction. 

My first excitement at having read of a possible new 
cause of hemorrhoids was sobered by the authors’ report- 
ing of the same evidence for arteriovenous anastomoses in 
normal as in hemorrhoidal anal areas. They admit, despite 
the enthusiasm of the title, that the traditional cause of 
hemorrhoids, increased local pressure, is as important as 
ever. It is refreshing, however, to realize that the bright- 
ness of the blood I have been seeing all these years at hem- 
orrhoidectomy or at hemorrhoidal injection has not been 
imaginary. Thulesius and Gjéres surely have made a sig- 
nificant contribution to a subject which, though lowly, in a 


facetious sense, affects an important part of the human 


body. The reader may with mixed emotions now learn that 
the chief editor will continue his browsings with increas- 
ing assiduity. 
RICHARD WARREN, MD 
319 Longwood Ave 
Boston, MA 02115 
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Special Commentary 


Full-Time or Geographic? 


lexner’s original objections to 
the proprietary type ef medical 
education that existed in the early 
part of this century were largely 
based on the abuses by the clinician 
of the educational system, especially 
with regard to conscientious teaching 
and research in clinieal medicine. It 
was apparent at that time that in or- 
der for the clinical feculty to devote 
their full time to teaching and re- 
search as well as to multiple tasks of 
administration, and still be well paid, 
some outside form of financial sub- 
sidy was necessary. In the beginning 
of this era, the big foundations and 
generous donors contributed large 
sums of money. In the postwar pe- 
riod, the National Inst-tutes of Health, 
under the Department of Health, 
Education, and Welfare, subsidized 
the medical schools end the univer- 
sities as well througa the overhead 
charges in research grants. In the 
most recent past, as is well known, 
the changing politica. and soeial de- 
mands have forced schools of medi- 
cine to seek support elsewhere. 


A Question of Support 


One obvious source of support is the 
professional service income gener- 
ated by the full-time clinical faculties. 
However, several factors have made 
this form of support difficult to real- 
ize. Having created a full-time sys- 
tem that brought in a number of phy- 
sicians whose interests were directed 
elsewhere than pazient care, tne full- 
time schools found it difficult to com- 
pete for patients with well-crained 
physicians in the community, work- 
‘ng individually or in groups or 
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clinics, whose primary interest was 
patient service. Furthermore, the 
emergence of the Medicare system of 
the federal government and the Med- 
icaid system of the states, caused the 
auditing of teaching hospitals to 
guarantee that the clinicians who ac- 
cepted the patient’s fee actually per- 
formed the work for which a charge 
was being made. Obviously it will not 
be long before all the third-party car- 
riers proceed along similar lines. A 
further inequity is that the gener- 
ation of patient fees is simplest in 
such specialties as surgery and its 
supporting departments, anesthesia, 
the laboratories, radiology, and surgi- 
cal pathology. While equal strength is 
needed in other specialties for a 
rounded medical school, the problems 
of supporting an adequate faculty in 
a department that generates com- 
paratively small income forces the 
dean into the position of capturing 
the large income from surgery to dis- 
tribute throughout the school. While 
surgery is willing to suffer a dean’s 
tax in order to support other activi- 
ties of the school, the question of the 
percentage to be levied against its in- 
come has been a source of increasing 
bitterness. It is particularly difficult 
when the earning department and 
the dean see different priorities for 
the use of these sums. For example, 
at Stanford University the Depart- 
ment of Surgery badly needs more 
operating rooms and beds to care for 
its ever-increasing load. These needs 
could be paid for out of surgical de- 
partment earnings, but since the 
dean has control of the money, he 
may decide that it should be spent for 


another department or for other 
functions distantly related to the 
work of the Department of Surgery. 
Definitions 

The full-time system is defined as 
one in which all fees for professional 
services go to the administration of 
the school of medicine. A system 
where the clinician keeps all or a 
large part of his earnings without a 
ceiling, where his salary from the 
school is regarded as a retainer for his 
teaching and administrative work, 
and where his main functions are car- 
ried on within the university hospital 
is defined as a geographical system. 
Also included in the definition of geo- 
graphic are various systems with 
more restrictions, such as payments 
to the school for rent, dean’s tax, de- 
clining percentages of earnings re- 
tained by the individual as income in- 
creases, ceilings, and so on. 


Advantages of Geographical System 


Since Flexner’s time, and partic- 
ularly in the post-World War II era, 
the geographical system has matured 
and many of the former objeetions to 
it no longer exist. These objections 
were mainly concerned with the fail- 
ure of the clinician to take his aca- 
demic duties seriously and with his 
exploitation of the medical school for 
personal gain. The geographical sys- 
tem has important advantages both 
for the individual and the medical 
school. It is far less expensive to the 
school than the full-time system, 
since salaries and fringe benefits can 
be set at a considerably lower level. 
The increased number of voluntary 
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faculty, usually made up of the ablest 
clinicians in the area who customarily 
enjoy the contact with students, 
house staff, and the investigative as- 
pects of the school of medicine, take 
up a large part of the teaching load. 
Their clinical expertise redounds to 
the advantage of the house staff and 
the medical students, as well as to the 
hospital. Most important, of course, is 
that it is to the advantage of the pa- 
tient whose care is supervised by his 
personal physician in conjunction 
with the house staff and students. 
Furthermore, there is no need for the 
school to own its own hospital, a 
source of many administrative diff- 
culties as well as ever-increasing on- 
going costs. 

In addition, under the geographical 
system, the large demands for tenure 
appointments and long-term commit- 
ments by the university to the faculty 
do not exist. At Stanford, under the 
previous geographical system, there 
was little interest by the faculty in 
the exact label the university put on 
them, as long as they had the privi- 
lege of close association with the 
medical students and house staff. 
From the clinician’s point of view, a 
strong incentive existed for greater 
effort in clinical care since he con- 
trolled his own earnings as well as his 
own efforts. As long as he met his 
teaching obligations to students and 
house staff, he was independent of the 
dean and the departmental executive. 

The greater flexibility of a geo- 
graphical system allows those indi- 
viduals who so wish to follow a 
greater interest in research or admin- 
istration. Thus, departmental execu- 
tives who are forced into many ad- 
ministrative duties can choose to be 
on a straight salary, rather than have 
a large part of their income depen- 
dent on the practice of medicine. A 
portion of the clinical earnings can be 
voted by the department to augment 
the salaries of the department mem- 
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bers whose talents and time preclude 
a large patient load, since they are in- 
volved in other activities such as re- 
search. 


Full-Time System Unworkable? 


Given the complexities of modern 
health care, it may be that the full- 
time system is a managerial mon- 
strosity. Certainly one would expect 
that reasonable men would agree on a 
workable system of medical practice 
within the university. And yet when 
the pendulum swings toward abso- 
lute control by the dean, the clinicians 
find themselves powerless to claim a 
just share of their efforts based on 
manual labor alone. As long as the ad- 
ministration has total control of costs 
chargeable to departments, no matter 
how much effort the clinician puts 
forth in clinical care, few department 
earnings are left for departmental 
and individual development. 

In my view, then, the geographical 
system is superior. A proper arrange- 
ment would allow the clinician to 
choose between either a full-time sal- 
ary paid by the school together with 
the right to regulate his own work as 
he sees fit, or a much lower salary 
with fewer benefits from the medical 
school. The practice a clinician wishes 
to carry out under the geographical 
system should be at his own dis- 
cretion, with retention of professional 
fees for his own needs, including the 
development of his divisional activi- 
ties within the school. As long as the 
choice of the method of operation is 
left to the individual, many of the 
present complaints would disappear. 
Thus, the clinicial departments should 
remain their own masters under the 
umbrella of the university, while the 
basic science department should re- 
turn to the undergraduate school, as 
Ebert has suggested.’ 

The rigid full-time system in 
schools of medicine is yet another ex- 
ample of a good idea in theory which 
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has worked out unsatisfactorily in 
practice. One might compare it to the 
civil service system. The guarantee of 
tenure has resulted in the develop- 
ment of an attitude by many of the 
faculty, which, as Osler predicted in a 
letter to President Remsen of Johns 
Hopkins, denigrates clinical medi- 
cine.’ If the hierarchy of the school 
falls into the attitude that research 
and publications are more important 
than clinical care and skills, promo- 
tions of individuals whose greatest 
strength lies in this latter field are 
more difficult to come by than promo- 
tions of the investigator who pro- 
duces excellent work. Since salaries 
are tied to rank, and since full-time 
salaries have always been lower than 
those in the marketplace, good young 
clinicians are driven out of the medi- 
cal schools into practice. It is appar- 
ent that the full-time system is devel- 
oping into a situation where the 
faculty is supporting the school 
rather than the school supporting the 
faculty. It is therefore gratifying to 
see the number of publications recom- 
mending a return to a system where- 
in the clinical departments will be- 
come detached from the university 
while remaining under its umbrella.?-‘ 
One can hope that the universities 
will reorganize their medical schools 
along these lines for the clinical de- 
partments before the nationalization 
of health care forces the issue. 

Roy Coun, MD 

Department of Surgery 

Stanford University Medical Center 

Stanford, CA 94805 
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Special Artic e 


Aspirin: The Unique Drug 


Ithough drugs have been used by 
humans since earliest times, few 
people realize how important an ef- 
fect they have had on the history of 
the human race. High on the list 
among drugs that have exerted a 
profound effect are the salicylates of 
which the most widely used product, 
aspirin, is the best known. It, as well 
as all the other salicylates, are direct 
descendants of willow bark used by 
Hippocrates 2,300 years ago for the 
relief of pain and fever. The active 
principle of this bark, known as sali- 
cin, occurs in many shrubs and trees, 
but most abundantly in the bark of 
the willow (Salix). Theophrastus, a 
student and friend of Aristotle who 
inherited his teacher’s library and 
botanical garden, listed the willow 
and plants of the gerus Spircea and 
other members of the Rosaceae (or 
rose) family that had these proper- 
ties. They were also listed by Diocles 
in his Greek Herbel. Dioseorides, 
Pliny and Elder, and Galen’s pharma- 
copoeia all mentioned and recom- 
mended willow bark as an effective 
agent. Knowledge of the value of 
these plants became worldwide and 
known to primitive societies. North 
American Indians were aware of and 
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used trailing arbutus, a member of 
the heath family (or Ericaceae) for 
the treatment of rheumatism. A phy- 
sician in rural South Africa wrote a 
letter to the Lancet in 1876 in which 
he described the use of willow bark by 
the then primitive society of Hotten- 
tots. He had examined a woman who, 
in his words, was 

. . . in the cruel bonds of as fierce an at- 

tack of rheumatic fever as I ever saw... I 
prescribed the usual alkaline mixture, with 
calomel and Dover’s powder at bedtime, 
and rode away. Some two months after, 
my former patient entered my surgery, 
looking remarkably well, and I very natu- 
rally congratulated myself and her that 
she had recovered so completely. I was 
quite taken aback when she bluntly told 
me that my physic hadn’t helped her a bit. 
On inquiring what had helped her, she said 
that an old Hottentot shepherd had made 
her a decoction of the shoots of the willows 
which grew on the banks of the river, and 
after taking this for a few days she began 
to get better... .’ 
In spite of its known efficacy, little in- 
terest seems to have been developed 
in salicin. It was often confused with 
Peruvian bark since the quinine pro- 
duced from the latter (the cinchona 
tree) also had the ability to lower fe- 
ver. 

It remained for Reverend Edward 
Stone in 1763, then president of the 
Royal Society, to stir up interest in 
willow bark. He wrote to the Royal 
Society stating his reasons for ex- 
perimenting with the preparation. 
“About six years ago, I accidently 


tasted it and was surprised by its ex- 
traordinary bitterness which immedi- 
ately raised in me a suspicion of its 
having the properties of the Peruvian 
bark.” He dried the bark, made it into 
a powder, and administered it in a 
dose of about 40 grains, every four 
hours, to patients with fevers and 
stated, “It has been given, I believe, 
to 50 persons and never failed in a 
cure except in a few with autumnal 
and quartan agues with which a pa- 
tient had been long and severely af- 
flicted.’” 

Leroux, a French pharmacist, iso- 
lated salicin in the pure state in 1829, 
and shortly after this, in 1888, Piria, 
an Italian chemist, prepared salicylic 
acid from the glycoside. In 1844 Ca- 
hours prepared salicylic acid from oil 
of gaultheria (oil of wintergreen) of 
the Ericaceae family. A Swiss phar- 
macist, Pagenstecher, extracted sal- 
icylic aldehyde by distilling the flow- 
ers of the shrub, Spiraea ulmaria, a 
member of the rose family. Léwig, a 
German chemist, in 1835 obtained sal- 
icylic acid by oxidation of the dis- 
tilled aldehyde. Since this originated 
from the spiraea plant, he gave it 
the name, spirséure. Subsequently 
acetylsalicylic acid (aspirin) was 
synthesized by Gerhardt, a French 
chemist, in 1853 where it remained on 
chemists’ shelves until rediscovered 
by Hoffman some 45 years later. 

An interesting sidelight that has 
not been well recognized in the early 
work on salicylic acid is the eonnec- 
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tion between it and work being done 
by Joseph Lister, the famous English 
surgeon. Lister, in applying the 
discoveries made by Louis Pasteur, 
evolved the process of disinfecting 
his patients before operation. While 
professor of surgery at Glasgow, he 
turned to chemical antiseptics as a 
means of preventing wound infec- 
tion. After trying zinc chloride and 
other agents he chose to use carbolic 
acid, which had recently been used to 
disinfect sewage at Carlisle. Lister 
first used it on Aug 12, 1865, and sub- 
sequently published his paper, “On 
the Antiseptic Principle in the Prac- 
tice of Surgery” in 1867. Using carbol- 
ic acid as an antiseptic, he was cred- 
ited as saving the life of Queen Vic- 
toria. Subsequently, because of the 
excellence of his work and great in- 
fluence on surgery, he was knighted 
and later raised to the peerage—the 
first medical man to be so honored. 


Interest in Carbolic Acid 


The practice of antisepsis rapidly 
gained wide popularity among sur- 
geons, and the medical world became 
much interested in carbolic acid as an 
agent to curb infections. A German 
surgeon, probably Thiersch, an enthu- 
siastic follower of Lister who hoped to 
find some way of using carbolic acid 
internally to combat infection, took 
the problem to Hermann Kolbe in 
1870, then professor of chemistry at 
the University of Leipzig. Kolbe in 
1859 had succeeded in synthesizing 
salicylic acid from carbolic acid 
treated with carbon dioxide in the 
presence of metallic sodium. He knew 
that it slowly broke down into earbol- 
ic acid in the test tube. Perhaps it 
would do the same thing in the hu- 
man body and thus be an effective an- 
tiseptic when taken internally. Kolbe, 
in collaboration with E. Lautemann, 
soon perfected a commercially practi- 
cal synthesis of salicylic acid by react- 
ing carbon dioxide with dry sodium 
phenate under elevated heat and 
pressure, a process that is used to a 
considerable extent even to the pres- 
ent day. Thus by 1874 salicylic acid 
was made available in abundance for 
the wide demands soon to be made. 

The report that salicylic acid had 
properties of combatting infections 
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spread rapidly around the world, and 
soon there was a clamor for the use of 
this new germ killer. It was applied 
liberally to cuts and wounds and also 
administered internally for any and 
every kind of disease. It was even 
taken up by food manufacturers and 
used as a preservative. However, it 
soon became apparent that salicylic 
acid was not stopping infections al- 
though it helped patients by reducing 
their fever and relieving their pains. 
The idea was slow to die, however, 
and we find that phenyl salicylate, in- 
troduced by Hermann Sahli in 1885, 
was still being carried in such stan- 
dard pharmacology texts as the 11th 
edition of Cushny’s Pharmacology 
and Therapeutics in 1938. In 1875 
Buss reported his use of sodium sal- 
icylate as an antipyretic, which fur- 
ther increased demand for the drug. 


Commercial Manufacture 


Since salicylic acid was being used 
widely, Kolbe encouraged one of his 
students to establish a commercial 
plant for its manufacture. This ven- 
ture resulted in the founding of the 
Heyden Chemical Company, which 
rapidly prospered. This success led 
others such as Friedrich Bayer to 
search for a compound that would not 
only be competitive but superior to 
salicylic acid. Felix Hoffman, a young 
chemist at Bayer, was assigned the 
problem. In his search for likely com- 
pounds, he came across the earlier 
work of Charles Gerhardt, who had 
synthesized acetylsalicylic acid in 
1853. Hoffman prepared samples of 
pure acetylsalicylic acid, tested it in 
the laboratory, and then gave some to 
his father who had long suffered from 
pains of rheumatoid arthritis. It was 
evident that the drug was effective in 
relieving his father’s pain. He sub- 
mitted this data to Dr. Hermann Dre- 
ser, director of Bayer’s pharmacologi- 
cal research. After careful clinical 
evaluation, Dreser pronounced it to 
be outstanding in all respects. Since 
acetylsalicylic acid sounded very 
much like salicylic acid, Dreser felt 
that a new and different name should 
be given to this compound in order to 
separate it more clearly from salicylic 
acid itself. He recalled that natural 
salicylic acid had been extracted from 


plants of the genus Spiraea and had 
been called spirsiure by Lowig. Since 
this new preparation was an acetyl 
derivative, he coined the term “aspi- 
rin,” the a standing for the acetyl and 
the rest of the word meaning spirin 
from the Spiraea genus of plants. As- 
pirin became the tradename of the 
Bayer Manufacturing Company for 
acetylsalicylic acid, and, of course, has 
since then become a household word 
throughout the world. The Bayer 
Company, with Aspirin protected by 
patents, became one of the great 
chemical companies of the world. On 
the expiration of the Bayer patent in 
1917, many companies began to man- 
ufacture the drug in competition with 
Bayer who, however, for many years 
maintained high sales by advertising 
their tradename, Aspirin. In recent 
years aspirin has become an official 
term in the US Pharmacopeia, and al- 
though we still hear “genuine Bayer 
Aspirin” being advertised, other com- 
panies can now use the name. It is in- 
deed surprising how widespread the 
use of aspirin has become. For ex- 
ample, one US company, Monsanto, 
had produced in the brief period from 
1917 to 1956, one hundred million 
pounds! There has been no letup in 
its demand, and from recent develop- 
ments in experimental medicine it 
appears that the demand will proba- 
bly increase. Let us now look into the 
basic reasons for the success of this 
single chemical compound. 


Reasons for Aspirin’s Success 


The earliest studies that led to the 
modern widespread use of salicylates 
and later aspirin in medicine origi- 
nated almost simultaneously in 1876 
by MacLagan in Edinburgh and Riess 
in Berlin. MacLagan used salicin in 
the treatment of acute rheumatism 
(rheumatic fever) and Riess reported 
the value of sodium salicylate as an 
antipyretic in patients with typhoid 
fever. Stricker, independently, in 
Germany in the same year reported 
on the analgesic value of salicylic acid 
in the treatment of polyarthritis 
rheumatica (rheumatic fever). Ger- 
main Sée introduced salicylate ther- 
apy in France. He confirmed its value 
in rheumatic fever and was the first 
to note its value in rheumatoid arthri- 
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tis. He also reported its value in the 
treatment of gout. He prescribed 
huge doses, 8 to 10 gm of sodium sa- 
lieylate, and was the first to notice sa- 
licylism. 

In spite of the known gastric intol- 
erance to sodium salicylate, very little 
seems to have been done to seek a 
better compound until the order of 
Friedrich Bayer to find a competitive 
drug. Felix Hoffman later wrote that 
ene of the reasons for his search for a 
better salicylate preparation that led 
to the discovery of aspirin was the 
fact that his arthritic father re- 
quested a salicylic acid in a form that 
would not induce vomiting since after 
long use he could no longer tolerate 
salicylic acid. 

‘After Dreser’s preliminary studies, 
aspirin was made available to se- 
lected physicians for clinical trials in 
1898. Witthauer in Germany was the 
first to report on aspirin in 1899. He 
gave 1-gm doses mixed with powdered 
sugar and water four or five times 
daily to patients with rheumatic fe- 
ver, gout, and pleurisy. His results 
were so favorable that Bayer decided 
to release the medieine for general 
use. It is amusing to read what Witt- 
hauer had to say abcut new drugs in 
the late 19th century. 


Nowadays a certain amount of courage 
is required to recommend a new medicine. 
They are thrown on the market a_most ev- 
ery day, and one needs a marvelous mem- 
ory if one wants to remember all the new 
names. Many pop up, are praised and rec- 
ommended by a few authors and especially 
by the manufacturers, and after a short 
time one hears no more of them. 


He was also concerned about the price 
of drugs and made the following com- 
ment: “I only hope taat the difficult 
preduction method will not result in 
too high a price so that this medica- 
tion which I consider valuable can 
come into general use.” In the United 
States, Floeckinger in 1899 is credited 
with being the first to study and re- 
port favorably on aspirin. 

Soon aspirin was being used widely 
all over the world and continues to 
the present to be the most exten- 
sively used drug. Its value in the 
treatment of rheumatic fever and ar- 
thritis is now universally recognized, 
and it still is the most useful of all 
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agents in the treatment of arthritic 
pains of all types. Its value as a feb- 
rifuge and nonnarcotic analgesic has 
long insured it a prominent role in 
the treatment of numerous febrile 
and painful situations, 


Aspirin’s Mechanism of Action 


Although aspirin has now been the 
most widely used drug for nearly 100 
years, we still do not know for certain 
its mechanism of action. The anti- 
pyretic effect results from its central 
nervous system (CNS) action, espe- 
cially on the hypothalamic nuclei 
leading to increased heat dissipation 
through a CNS-mediated effect that 
results in increased peripheral blood 
flow and sweating. Although sweat- 
ing is commonly observed, the heat- 
lowering effect can occur even in its 
absence. Analgesia results from a se- 
lective depressant effect on the CNS 
through a mechanism not thoroughly 
understood. Probably this action is 
also exerted in the thalamic area, 
since most pain impulses appear to be 
integrated there. Owing to the anti- 
inflammatory action of aspirin, its ef- 
fect on peripheral sites of inflamma- 
tion reducing cellular injury with a 
subsequent removal of stimulation of 
pain receptors may also play a useful 
role in the relief of pain. In general, 
aspirin is most useful in pains such as 
headache, myalgia, arthralgia, and 
pains originating from integumental 
tissues rather than pains of visceral 
origin.’ 

Anti-inflammatory Effect.—The 
mechanism of the recognized anti- 
inflammatory effect also remains 
something of an enigma. Numerous 
theories have been advanced. These 
range from the ability to block action 
of the enzyme hyaluronidase to en- 
hance or conserve corticosteroid ef- 
fects to the most recent and exciting 
discovery that it blocks the produc- 
tion of prostaglandins E, and F.,,. 
These substances exert a potent pyret- 
ic and inflammatory effect and are 
found in inflamed tissues. Recent 
studies show that a dose of eight aspi- 
rin tablets daily temporarily reduces 
the amount of prostaglandins in the 
seminal fluid of young males.‘ 
Whether this theory will prove to be 
the answer to the anti-inflammatory 


mechanism of action remains to be 
confirmed. 

Effect on Platelets.—More recently, 
interest has centered on the effect of 
aspirin on platelets and its ability to 
prevent platelet aggregation. Modern 
studies postulate that thrombi in ar- 
teries and arterioles are started, 
maintained, and extended by platelet 
aggregation. Thus such arterial 
thrombotic processes as peripheral 
vascular thrombosis, coronary throm- 
bosis, and cerebral vascular throm- 
bosis are, at least to a certain degree, 
a result of platelet aggregation. Some 
believe that at least some transient 


brain ischemic attacks result from — 


showers of small emboli breaking off 
from a platelet-aggregated clot such 
as could occur in a diseased heart 
valve, a roughened plaque in the 
aorta, carotid, or vertebra! arteries. 
Perhaps even extension of coronary 
occlusions is a result of further plate- 
let aggregation. Since these formi- 
dable diseases are the major causes of 
morbidity and mortality, anything 
that might exert an ameliorating ef- 
feet would be of considerable impor- 
tance. There is a growing literature 
indicating that aspirin exerts a 
profound effect on platelet function. 
O’Brien in 1968 demonstrated that 
aspirin inhibits platelet aggregation.” 
Studies by Evans et al indicate that 
collagen-induced platelet aggrega- 
tion is significantly reduced by aspi- 
rin ingestion and arrest of bleeding 
delayed.’ Platelet glycolysis and 
adenosine diphosphate (ADP) func- 
tion of platelets are significantly 
affected. Lactate production is de- 
creased by 48% and glucose uptake by 
60%, but glycogen consumption rose 
45% and oxygen consumption 29% 
above basal levels. These effects re- 
sulted in a 37% fall in platelet adeno- 
sine triphosphate (ATP) in one hour. 
Aspirin completely inhibits the re- 
lease of platelet ADP. Thus aspirin 
appears to act by inhibiting release of 
ADP and glucose transport.’ Platelets 
of patients receiving aspirin for 
many months continue to exhibit the 
inhibitory effects indicating that no 
tolerance or resistance to aspirin ef- 
fect develops.’ Studies on thrombus 
formation time and prothrombin time 
show that thrombus formation time is 
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significantly increased in some sub- 
jects without any prolongation of pro- 
thrombin time. Bleeding time is af- 
fected by aspirin. Bleeding time of 
normal patients receiving 600 mg as- 
pirin increased 1.5 minutes. Patients 
with von Willebrand disease, familial 
telangiectasia, and hemophilia all ex- 
hibit prolonged bleeding when given 
aspirin as do patients on anti- 
coagulant drugs.™!° Several authors 
have recommended aspirin as a pos- 
sible preventive therapy in patients 
at increased risk from thrombosis.*" 

Other Roles of Aspirin.—At the pres- 
ent time, extensive studies are under 
way to ascertain the role of aspirin in 
the prevention of myocardial infarc- 
tion, cerebral thrombosis, and periph- 
eral vascular thromboses. One study 
has shown aspirin to be as effective as 


anticoagulant therapy in preventing | 


venous thromboses and pulmonary 
embolism in patients immobilized 
while undergoing orthoplasty of the 
hip.’* In a trial sponsored by the Med- 
ical Research Council in Great Britain 
evaluating the effect of aspirin on 
deep venous thromboses using the 
**I-fibrinogen test and giving aspirin 
24 hours before surgery and for five 
days after, however, no significant 
difference between aspirin and a pla- 
cebo were seen." 

A recent report describes a patient 
who had transient monocular blind- 
ness associated with increased plate- 
let aggregability and recurrent tran- 
sient attacks of cerebral ischemia 
completely relieved by aspirin.‘ Evi- 
dence is growing that microemboli 
play a role in the pathogenesis of 
transient monocular blindness. Aspi- 
rin appeared to prevent platelet em- 
boli. 

Aspirin seemed to potentiate the 
effect of dipyridamole in the treat- 
ment of a patient with thrombotic 
microangiopathy and complete recov- 
ery resulted. Since this is a serious 
disease with a high fatality, this 
simple treatment should be given fur- 
ther trial in this rare syndrome. Ex- 
perimental studies of aspirin’s effect 
on coronary and noncoronary throm- 
boses indicates it may be of value.*®:"” 
It has been suggested that men over 
20 and women over 40 years of age 
take one aspirin tablet daily in the 
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hope that this will reduce the severity 
of arterial thrombosis.'* Until much 
more data are accumulated, however, 
no definite conclusions can be drawn, 
but this action of aspirin on platelet 
aggregation has opened some excit- 
ing fields of study. 

Aspirin and Prostaglandins.—Re- 
cently developed information assigns 
the prostaglandins an important role 
in uterine physiology. Oral, vaginal, 
intravenous, or intrauterine adminis- 
tration of prostaglandins initiates 
uterine excitability and contractions 
that lead to a prompt expulsion of 
uterine contents. At present in many 
clinics prostaglandins are used to pro- 
duce abortions or induce labor. Soon a 
preparation of them will be generally 
available for such procedures. Be- 
cause of this highly potent effect on 
the uterus, it is postulated that pros- 
taglandins probably have an impor- 
tant role in initiating spontaneous 
labor. Since aspirin inhibits the syn- 
thesis of prostaglandins, investiga- 
tors studied the effect of aspirin on 
the duration of human gestation and 
labor. A retrospective study in 103 pa- 
tients taking over 3 gm of aspirin 
daily during the last six months of 
pregnancy showed a highly signifi- 
cant increase in the average length 
of gestation and frequency of post- 
maturity, and the mean duration of 
spontaneous labor averaged 70% 
longer.’ Aspirin is so widely used it 
is not surprising that in one study 
nearly 10% of the mothers had signif- 
icant quantities of salicylate in the 
umbilical cord serum. In studies of 
the population in general, a far 
higher percentage are found to have 
salicylate in the blood serum. 

Aspirin has been reported to be 
useful in a variety of unrelated situ- 
ations. In a patient with Raynaud 
phenomenon with increased tendency 
to platelet aggregation, aspirin, 
which seems to block release of plate- 
let antiheparin factor and inhibits 
platelet aggregation, was found use- 
ful in inducing healing of ulcerated 
lesions.*” A recent study of the effect 
of aspirin on the lesions of diabetic 
retinopathy surprisingly has shown a 
distinct ameliorating effect.?! Recent 
studies have shown that in physi- 
ological dose ranges of 10 to 40 


mg/100 ml aspirin suppresses lym- 
phocyte transformation, and thus it 
could play an important role in turn- 
ing off the immune response of lym- 
phocytes.”? 


Adverse Effects 


Since nearly every individual is 
sooner or later exposed to aspirin ei- 
ther as aspirin itself or in one of the 
several hundred combinations, it is 
not surprising that adverse effects 
are seen. Some of these effects such as 
impaired hearing are a function of 
the dose and occur widely when 
higher doses are prescribed. Tinnitus 
and dizziness also are seen. Allergy, 
although rare, estimated by some as 
0.2% or less, can appear at any time 
and result in varying degrees of reac- 
tion from minor skin itching and urti- 
caria to serious anaphylactic shock. 
Usually there is a previous history of 
allergy. The real danger has been in 
the many combinations containing 
aspirin that make it difficult for the 
allergic patient to avoid reexposure. 

Although aspirin was introduced as 
a less irritating agent than salicylate, 
it, however, is capable of causing se- 
vere gastric irritation that may result 
in gastritis or even gastric ulceration 
with serious bleeding. For this reason 
it should be given after meals or with 
food. 

Aspirin, fortunately, is not a seri- 
ous source of drug interaction. Per- 
haps the most important problem in 
this respect is its ability to enhance 
the effect of anticoagulant drugs such 
as dicumarol and thus initiate or pro- 
long bleeding.**** It displaces bili- 
rubin from protein-binding sites and 
thus enhances jaundice. Recently it 
has been reported to interfere with 
the action of spironolactone. In 
healthy subjects, aspirin was found to 
reduce the natriuresis by 30%, a value 
sufficient to adversely affect manage- 
ment of patients with ascites, edema, 
and perhaps hypertension.” If this 
work is confirmed, it will cause con- 
siderable concern since there are so 
many sources for patients to be ex- 
posed to aspirin it will be most diffi- 
cult to avoid this interaction. 

It is now recognized that aspirin 
enhances blood loss from the bowel.” 
In some patients, repeated aspirin 
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consumption on an empty stomach re- 
sults in severe gastric 1emorrhages 
that can be life threatening.” For 
most individuals, aspiri taken over 
long periods leads to a mild degree of 
secondary anemia that responds read- 
ily to iron therapy. 

A most serious effect of aspirin is 
its ability to initiate or enhance 
bleeding in patients with diseases 
sueh as familial hemorchagic telan- 
giectasia, von Willebrand disease, 
and hemophilia. This action of aspirin 
has only been recognized in recent 
years and, in spite of much effort on 
the part of such authorities as Ar- 
mand Quick, the general public and 
many professional peqple are not 
aware of this serious complication. 
Alert physicians make determined ef- 
forts to have their patients with these 
diseases or anyone with dleeding ten- 
dencies to refrain from taking aspi- 
rin. It is, however, an almost hopeless 
task since it appears in so many com- 
binations and is so readily available 
in supermarkets and numerous other 
easily accessible places. 

It is this properzy to mitiate or en- 
hance bleeding that quite probably 
resulted in aspirin being one drug 
that has influenced the zourse of his- 
tory. It was the wonde- drug of the 
early 20th century anc was widely 
used from 1900 on as the choice drug 
for the relief of joint pains. At this 
time at least two famous individuals 
undoubtedly suffered from joint 
pains as a result cf hemorrhages sec- 
ondary to their hemophilia. These 
were Alfonzo of Spain end the czare- 
vitch of Russia. Althougn there are no 
proven data on tke following theory, 
it is certainly a distinct possibility. It 
is very likely the czarevitch, with his 
joint pains from bleecing, received 
aspirin to allay the paim and this in 
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turn led to more bleeding, and so a 
vicious cycle was established. The 
monk Rasputin, a mystic, persuaded 
the czar to let him manage the czar- 
evitch’s illness by his spiritual ap- 
proach. Thus the physicians were ex- 
cluded, administration of aspirin was 
stopped, and the czarevitch did much 
better. Rasputin’s prestige rose and 
he was able to exert his malignant in- 
fluence on the czarina and ultimately 
the czar. The power thus obtained 
permitted him to influence members 
of the ruling class. In turn, the immo- 
rality and debauchery that resulted 
further weakened and alienated them 
from the Rusian people and undoubt- 
edly fed the fires of revolution that 
led to the modern Soviet State. 


Nonproprietary Name 
and Trademark of Drug 


Dipyridamole—Persantine. 
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Deltopectoral Flaps 


Repair of Face and Neck Defects 
Caused by Radical Excision of Malignant Tumors 
Thomas J. Zirkle, MD, Ralph J. Thompson, Jr., MD, Loma Linda, Calif 


Five cases are reported where face and 
neck defects created by radical excisions 
of cancer were repaired using deltopectoral 
flaps. In one patient the flap replaced a re- 
sected cervical esophagus. In another it was 
used with cartilage to repair a tracheal de- 
fect. In a third it replaced the excised tonsil 
fossa and adjacent structures. And in two it 
closed external soft tissue defects. The flap 
may be laterally based and depend on the ac- 
romiothoracic vessels or medially based and 
depend on the intercostal perforative ves- 
sels. The method requires only one second- 
ary operation, the detachment of the flap 
some three weeks later. 


Or of the most challenging prob- 
lems in head and neck surgery is 
that encountered during repair of de- 
fects caused by radical excision of 
malignant tumors arising in this 
area. This is particularly true of pa- 
tients who have recurrent disease af- 
ter failure of primary treatment, ei- 
ther surgery or radiation. Malignant 
tumors arising in this region fre- 
quently are epidermoid in origin and 
tend to remain localized to the 
primary site and adjacent regional 
nodes for a long period of time. It is 
for this reason that radical surgery, 
often combined with preoperative ra- 
diation, is found useful in the treat- 
ment of advanced cancers in this 
area. To apply the principle of wide 
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en bloc removal of the malignant tu- 
mor often means the sacrifice or 
deformity of large composite areas, 
including portions of the upper ali- 
mentary or respiratory tract. 

The first principle of treatment of 
these tumors is wide removal of all in- 
volved tissues with sufficient margin 
of surrounding normal tissue to avoid 
local recurrence, the major reason for 
treatment failure. Companion to this 
principle is the expeditious recon- 
struction of the operative defect with 
restoration or preservation of as 
much function as possible. Recon- 
structive methods allowing immedi- 
ate repair are of great advantage to 
the patient, both functionally and 
emotionally, and should be utilized 
whenever possible rather than de- 
layed multistaged procedures. 

Pedicle flaps from the upper tho- 
racic and acromial areas are fre- 
quently useful for reconstruction of 
the facial and neck areas, both as 
surface cover and as lining for the 
mouth, pharynx, upper esophageal, 
and tracheal regions. The first re- 
ported use of a medially based upper 
thoracic flap was that of Aymard’ in 
1917. Attention was further directed 
to this flap by Bakamjian? in 1965 
when he described its use in cervical 
esophageal reconstruction. 

It is the purpose of this report to 
show the adaptability of the delto- 
pectoral flap, based medially or later- 
ally, in reconstruction of operative 
defects resulting from the treatment 
of advanced cancers in the head and 
neck area. 


Report of Cases 


CasE 1.—Replacement of Cervical Esoph- 
agus.—A 44-year-old married white woman 
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esophagus. 





was seen in June 2971 with a one year his- 
tery of dysphagia due to squamous carci- 
noma of the pirifarm sinus and the upper 
part of the esophagus. 

Following preoperative radiation, a left- 
sided radical neck dissection, pharyngo- 
laryngeetomy, and reseetion of the cervical 
esophagus were performed. Reconstruction 
was accomplished utilizing a deltopectoral 
flap as described by Bakamjian’ (Fig 1 
through 3). The second-stage closure of the 
esophageal fistula and return of the flap 
pedicle was accomplished three weeks 
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Fig 2.—Tubed flap passes under median flap of neck dissection 


and is anastomosed to residual pharynx above and cervical esoph- 


agus below. 





Bis. 


later. 


The patient remains well without evi- 
dence of disease 24% years later with a 
weight gain of 22.6 kg (50 lb) (Fig 4). 

Technique.—The medially based delto- 
pectoral flap is formed into a tube with the 
skin surface inside, and the upper end of 
the flap is sutured to the circumference of 
the remaining mucosa of the hypopharynx, 
or at times even the base of the tongue and 
oropharynx. The remaining lower cervical 
esophagus is anastomosed to the side of 
the tubed flap in a convenient location. 


Fig 4.—Completed result 22 years postoperatively. 





Formation of the tube is continued down 
lateral to the tracheostome, and the fistula 
at the lower end of the tube is thus located 
laterally and inferior to the airway. In ap- 
proximately three weeks a minor second- 
ary procedure is performed to divide the 
pedicle of the flap just below the previously 
formed anastomosis between the cervical 
esophagus and the flap. The opening in the 
tube flap is closed in layers, and the re- 
maining pedicle is replaced on the chest 
wall. 

Case 2.—Tracheal Reconstruction.—A 
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Fig 7—Deltopectoral flap in place providing cover for cheek and 
chin. Central portion tubed. 


68-year-old white man underwent right- 
sided pneumonectomy for bronchogenic 
carcinoma in 1966. Postoperative radiation 
was employed. In 1971 recurrence in the 
trachea was noted after increased cough- 
ing prompted reevaluation. 

A deltopectoral flap was outlined and 
costal cartilage obtained, carved, and 
buried within the tip of the flap. Three 
weeks later the flap that contained the cov- 
ered cartilage was raised and, after resec- 
tion of the involved trachea, was inserted 
through the upper part of the chest into 
the defect. The flap was divided and the 
pedicle returned three weeks later. The 
postoperative course was complicated by a 
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Fig 5.—Flap with contained cartilage rings passed below clavicle 


small tracheocutaneous fistula (Fig 5). 
CasE 3.—Full-Thickness Defect of the 
Cheek and Chin.—A 50-year-old white man 
had recurrence of squamous cell carcinoma 
of the right cheek and chin in spite of mul- 
tiple previous excisions. Examination re- 
vealed the tumor mass to extend widely 
deep in the cheek. A full-thickness excision 
of the lower cheek, jaw, and mental area 
was performed. Reconstruction was under- 
taken immediately utilizing a forehead 
flap for buccal and floor-of-mouth lining 
(Fig 6). The external defect was closed 
with a medially based deltopectoral flap 
tubed in the central portion to protect the 
exposed soft tissues within the flap (Fig 7). 


into position to reconstruct trachea, skin surface inside. 


Fig 6.—Wide excision of cheek lesion completed. Forehead flap in 
position providing intraoral lining. 





Fig 8.—Inset of flap into recipient area after division and return of 
pedicle. 


Division and inset of the flap was carried 
out three weeks later along with return of 
the pedicle to the chest wall (Fig 8). 

Case 4.—Laterally Based Flap.—An 85- 
year-old white man had allowed a squa- 
mous carcinoma of the left side of the face 
and neck to progress untreated for several 
years. When he finally consented to exami- 
nation, a widespread fungating lesion of 
the left side of the neck, cheek, and auricu- 
lar area with invasion of underlying struc- 
tures but without distant metastases was 
found (Fig 9). At surgery, wide excision of 
all involved tissue was carried out and im- 
mediate flap reconstruction accomplished 
using a laterally based flap from the pecto- 
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Fig 9.—Far advanced squamous cell carcinoma of left side of face 
and neck. 


Fig 10.—Laterally based dap in place. Note wide base and ab- 
sence of tension in flap pedicle. Split-thickness skin graft covers 


area above flap. 


ral area supplement2d wita a split-thick- 
ness graft (Fig 10). Flap viabi ity was sat- 
isfactory without de. ay procedure because 
of a broad base and she absenee of tension 
at the base of the flap. 

Case 5.—Reconstraction of Buccal and 
Tonsillar Area.—Squamous cell carcinoma 
of the retromolar trigone wth extension to 
adjacent areas in a 70-year-old man re- 
quired the resection of buceal mucosa, ton- 
sil fossa, and lateral vortion of the soft pal- 
ate and tongue, as well es radical neck 
dissection. Immediaze recamstruction was 
achieved by introduction of a deltopectoral 
flap through the fleor of the mouth (Fig 11 
and 12). Adequate length was available 
with sufficient laxity of the pedicle to allow 
motion of the head withou~ tension on the 
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recipient area suture line. 

A second procedure was necessary to in- 
set the flap, close the orocutaneous fistula, 
and return the pedicle to the chest wall. 


Comment 


The ideal tissue for repair and clo- 
sure of operative defects in the head 
and neck area should be readily avail- 
able in adequate amounts, delay of 
transfer should not be necessary, and 
the skin should not have been ra- 
diated. The flap, if used to line muco- 
sal surfaces, should be free of hair 
and adaptable to the repair of many 
different defects. 

Flaps from the deltopectoral region 





of the chest satisfy these require- 
ments well in most cases. The flap 
may be laterally based on the acromio- 
thoracic vessels and directed trans- 
versely and medially or inferiorly as 
the needs require (Fig 13). Penn and 
Penn’ have described a modification 
of the lateral deltopectoral flap to use 
hairless subaxillary skin. The medial- 
ly based flap with blood supply from 
the first four perforating branches 
of the internal mammary artery is a 
safer flap (Fig 14). The circulation is 
stronger and delay is usually not nec- 
essary, even when the length exceeds 
the width by more than two to one. If 
the tip of flap extends over the poste- 
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Fig 11.—Flap in place in left buccal and tonsillar area. Note infe- 
rior oral fistula and neck graft covering donor area. 
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Fig 13.—Laterally based pectoral flap, based on acromiothoracic 
vessels, may be designed medial or lateral to nipple. 
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Fig 12.—Position of flap within oral cavity reaching to level of pal- 
ate near midline. 
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Fig 14.—Medially based pectoral flap, based on intercostal perfo- 
rating vessels. Note critical distance in measuring flap length. 


rior aspect of the shoulder, then de- 
lay is sometimes advisable. McGregor 
and Morgan‘ demonstrated that if 
one arterial supply of the skin of the 
upper part of the chest was occluded, 
the arterial supply of the adjacent 
area immediately spread into the 
area served by the occluded vessel. 
The medially based flap is suff- 
ciently long to reach defects as high 
as the tonsillar fossa internally and 
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midcheek externally. The inclusion of 
the deltopectoral fascia in the flap 
adds stability and allows insertion of 
cartilage or bone and permits some 
torsion without interference with 
venous return, a frequent cause of 
flap loss. Bakamjian? has emphasized 
that the dependency of the base of 
the flap is an advantage because 
venous engorgement is minimized. 
It is important in designing this 


fiap that appropriate measurements 
be made prior to transfer so that the 
flap is long enough to reach the recipi- 
ent area without tension. The critical 
measurement of most flaps is from 
the most distant point of the base to 
the extreme point of the recipient 
area. In the case of the deltopectoral 
flap, the proximal base to tip distance 
is critical because the loose tissue 
near the anterior axillary fold effec- 
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tively lengthens the lower margin of 
the flap and makes the upper margin 
the limiting length" (Fig 14). The flap 
is then outlined on the chest wall and 
deltoid region as indicated by prior 
measurements. 

Elevation of the flap is carried out 
beneath the deltopectoral fascia and, 
as the sternum is approached, dis- 
section proceeds eazefully to preserve 
the perforating branches.of the inter- 
nal mammary vessels. For large com- 
plex defects, a similar flap can be 
raised from the other side of the chest 
or a forehead flap can be utilized as 
indicated. The resulting wound ap- 
proximates 25.4 em. in length and 7.6 
to 10.2 cm in width. The skin of the 
anterior chest wall is mobile and 
can be advanced to produce narrow- 
ing of the defect. The remaining open 
wound is closed by means o= a 0.03- to 
0.04-em split-thickness skin graft 
that is held in place by a bolster 
dressing. The arm is dressed to the 
side to avoid movement of the shoul- 
der and minimize serum and blood 
collecting beneath the graft. 

The precise tim-ng for division of 
the pedicle has not been determined 
experimentally. It is probable that 
division at 10 to 14 days would be sat- 
isfactory, but division at 21 days is 
safer. At this time, the fiap is inset to 
complete a smooth approximation to 
all portions of the recipient site. The 
pedicle, if previously tubed, is opened 
and the edges are freshened. The 
split-thickness skin graft covering 


l. Aymard JL: Nasal reconstruction. 
Lancet 2:88, 1917. 

2. Bekamjian VY: A two-stage method 
for pharyngoesophageal reconstruction 
with a primary pectoral skin flap. Plast 
Reconstr Surg 36:173-184, 1965. 

3. Penn J, nJG: The zigzag pectero- 
ety flap. Plast Reconstr Surg 51:27- 
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the donor site is marked and removed 
in the area to which the pedicle will 


be returned and the pedicle is sutured 


into position. 

Although the described flaps have a 
strong circulation, complications may 
occur. Krizek and Robson’ have stated 
that these complications are usually 
due to tension on the pedicle, inade- 
quate length of the flap, and technical 
considerations such as kinking, pres- 
sure across the base of the flap, and 
failure of complete healing in ra- 
diated recipient areas. Delay of the 
flap before transfer has not been 
found of value in reducing the possi- 
bility of flap compromise.* 


Conclusion 


Surgeons who manage advanced 
cancers in the head and neck area 
have a dual responsibility to the pa- 
tient. First, there must be an ade- 
quate excision to insure freedom from 
local recurrence. Second, there must 
be restoration to as near normal 
anatomy and physiology as possible. 
These two principles are closely inter- 
related. Both must be carried out well 
to obtain maximum rehabilitation of 
these patients. Inadequate excision is 
doomed to failure regardless of the 
reconstruction, and adequate excision 


may fail if reconstruction is not well 


conceived. Wide excision of a previ- 
ously radiated or resected tumor may 
be technically possible, but if poorly 
planned local flaps or closure under 
tension occurs, the patient may be 
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doomed to suture breakdown, fistuli- 
zation, and carotid blowout. Closure 
under tension may lead to inter- 
ference with physiological functions 
such as talking or swallowing. 

Resection for cure of same tumors 
in the head and neck area results in 
defects so large that reconstruction 
with local tissue is not possible. The 
deltopectoral flap described provides 
tissue to repair a large variety of de- 
fects in the cervicofacial area. With 
the ready availability of this flap, 
which usually need not be delayed, 
the resection may proceed without 
great concern that the resulting de- 
fect will be too large to close with 
the use of local tissue. This added 
surety may make the difference be- 
tween cure and local recurrence. The 
success or failure of controlling the 
tumor may thus depend en the type 
of reconstruction utilized. 

The deltopectoral flap has been 
found useful in reconstruction of 
many defects that occur in the pa- 
tient with advanced cancer of the 
head and neck. In some patients, 
treatment inevitably will result in 
palliation rather than cure and pro- 
longed multistaged procedures may 
cause the patient increased dis- 
comfort, hospitalization, and expense. 
The advantages of ready availability, 
strength of blood supply, and versa- 
tility should not be overlooked in 
planning flap reconstruction for ex- 
peditious rehabilitation of these pa- 
tients. 
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Lederle Laboratories presents 
EXPLORATIONS IN ANTIMICROBIAL THERAPY 


microbial specificity in a wide range of 
genitourinary tract infections due to susceptible 
pathogens* 









MINOCYCLINE HCI 
CAPSULES 50 mg, 100 mg 


“When bacteriologic testing indicates appropriate 
susceptibility to MINOCIN Minocycline HCI. 


Provides prompt and 
continued control in many 
acute and chronic G.U. 
INFECTIONS? (see table 1) 


MINOCIN Minocycline HCI aaministered in regimens of 
200 mg stat. 100 mg q. 12 h. generally provides anti- 
microbial therapy for prompt end continued control of 
acute and chronic urinary trac: infections due to suscep- 
tible pathogens. 

MINOCIN assures sustained activity in infected areas of 
the G.U. tract by virtue of rapid serum levels, followed by 
measurable tissue concentrations. 

MINOCIN, in genera! studies, displayed consistent activity 
against susceptible causative Dathogens implicated in 
acute and chronic cystit s, py@onephritis and prostatitis. 


TABLE Il 


MINOCIN EFFECTIVENESS IN INITIAL CLINICAL TRIALS 
Common urinary tract infections. 
in which as ngle pathogen was isolated: 


CLINICAL 
RESPONSE 





No. of 
patients 
Unsatis- 
factory 


PATHOGEN 


E. coli Bacteriuria, Asymptomatic 
Cystitis 

Cystitis, Acute 

Cystitis, Chronic Recurrent 
Cystitis, Reeurrent 
Prostatitis 

Prostatitis, Chronic 
Pyelocystitis, Acute 
Pyelonephrtis 
Pyelonephrtis Acute 
Pyelonephrtis. Chronic 
Pyelonephrtis. Recurrent 
Urinary Trac: Irfection** 
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Enterobacter 
` aerogenes 


Cystitis, Acete 
Pyelonephr tis 
Pyelcnephrtis, Acute 
Pyelonephr tis, Chronic 
Urinary Tract Infection** 
Uropathy, Cbstructive 
Prostatitis, accte 1 


Noonan 


Klebsiella sp. Cystitis 
Cystitis, Acete 2 
Cystitis, Chaonic Recurrent 1 
Prostatitis, Chronic 
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1 


1 
14 
1 
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Pyelonephrtis 
Pyelonephrtis, Acute 
Pyelonephrtis, Chronic 1 


— 





Strep. Cystitis, Acute 1 
pyogenes™ Urinary Tract Infection** 1 
. Tctals 189 163 26 





AVERAGE CON- 
NUMBER OF CENTRATION 
TISSUE SPECIMENS mcg/gm 


1**: 


TABLE | 
MINOCIN PENETRATES BLADDER, KIDNEY 
AND OTHER TISSUES IN G.U. TRACT 










PROSTATE 


UTERUS 


Data in humans were derived from the pharmacologic trial in 
patients scheduled for various types of surgery. They were given 
the MINOCIN loading dose of 200 mg initially followed by 100 mg 
at 12-hour intervals for four days. At the time of surgery, a blood 
sample was drawn and a two-gram specimen of excised tissue was 
reserved for analysis. 


*When bacteriologic testing indicates appropriate susceptibility to 
MINOCIN Minocycline HCI. 


** Unspecified. 


tUp to 44 percent of strains of Streptococcus pyogenes and 74 
percent of Streptococcus faecalis have been found to be resistant 
to tetracycline drugs. MINOCIN should be used for streptococcal 
disease only when the organism has been demonstrated to be 
sensitive. In the treatment of streptococcal infections, a therapeutic 
dose of tetracycline should be administered for at least 10 days. 

For upper respiratory infections due to group A beta-hemolytic 
streptococci, penicillin is the usual drug of choice, including 
prophylaxis of rheumatic fever. 


MINOCIN Minocycline HCI 
provides effective therapy 
against venereal diseases 


1. Effective gonorrhea treatment 

MINOCIN can provide effective alternative therapy not only 
for gonorrhea patients allergic to penicillin but in patients 
infected by N. gonorrhoeae strains resistant to other anti- 
bacterials. On top of this, MINOCIN can be doubly useful in 
patients who have acquired mixed venereal infections. 
NOTE: Penicillin-allergic gonorrhea patients may be treated with the usual 


MINOCIN regimen of 200 mg stat, 100 mg q. 12 h. for a minimum of 4 days, 
with post-therapy cultures within 2-3 days. 


2. Effective syphilis treatment 

MINOCIN can provide effective alternative therapy for 
syphilis patients allergic to penicillin. 

NOTE: For treatment of syphilis, the usual dose of MINOCIN should be 


administered over a period of 10-15 days. Close follow-up, including 
laboratory tests, is recommended. 


3. Effective in chancroid, granuloma inguinale and 
lymphogranuloma venereum y 
MINOCIN can provide highly effective primary therapy 
against Gram-negative bacilli of granuloma inguinale 
and chancroid. It is also effective against lymphogran- 
uloma venereum. 


Before prescribing MINOCIN, please refer to the prescribing information for full description 
of adverse effects and precautions, a copy of which is on the last page of this advertisement. 
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MINOCYCLINE HCI 


semisynthetic tetracycline 
for office and hospital 


MINOCIN provides 
effective therapy with 
relatively few problems 


 @ Penetrates tissues of G.U. tract. 
@ No photosensitivity to date. 


@ Well absorbed even with food, dairy 
products or colas. 


@ Enamel hypoplasia/tooth staining can 
occur in children under eight. 


@ |f renal impairment exists, lower than 
usual doses are indicated. (See WARNING 
in Package Insert.) 


@ Lightheadedness that may occur is tran- 
sient, disappearing during therapy or always 
after therapy is completed. 


© Dosage form flexibility: supplied as 50 mg 
and 100 mg capsules, 50 mg/5 cc syrup, and 
100 mg/vial intravenous. 


Lederle Laboratories 
A Division of American Cyanamid Company 
Pearl River, N.Y. 10965 
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MINOCIN’ Minocycline Hydrochloride 
Oral and Intravenous 


DESCRIPTION: MINOCIN minocycline hydrochlo- 
ride is a semi-synthetic derivative of tetracycline, 
7-dimethylamino-6-deoxy-6-demethyltetracycline 
hydrochloride. 


Intravenous: Each vial, dried by cryodesiccation, 
containssterile Minocycline Hydrochloride equiva- 
lent to 100 mg. Minocycline. When reconstituted 
with 5 cc. of Sterile Water For Injection the pH 
ranges from 2. 0to2.8 


ACTIONS: Microbiology. The tetracyclines are pri- 
marily bacteriostatic and are thought to exert their 
antimicrobial effect by the inhibition of protein syn- 
thesis. Minocycline HCI is a tetracycline with anti- 
bacterial activity comparable to other tetracyclines 
with activity against a wide range of gram-negative 
and gram-positive organisms. 

Tube dilution testing: Microorganisms may be 
considered susceptible (likely to respond to mino- 
cycline therapy) if the minimum inhibitory concen- 
tration (M.1.C.) isnot more than 4.0 mcg./ml. Micro- 
Organisms may be considered intermediate 
(harboring partial resistance) if the M.I.C. is 4.0 to 
12.5 mcg./ml. and resistant (not likely to respond to 
minocycline therapy) if the M.I.C. is greater than 
12.5 mcg./rml 

Susceptibility plate testing: If the Kirby-Bauer 
method of susceptibility testing (using a 30 mcg 
tetracycline disc) gives a zone of 18 mm. or greater. 
the bacterial strain is considered to be susceptible 
to any tetracycline. Minocycline shows moderate 
in vitro activity against certain strains of 
staphylococci which have been found resistant to 
other tetracyclines. For such strains minocycline 
susceptibility powder may be used for additional 
susceptibility testing. 


INDICATIONS. MINOCIN minocycline HCI is indi- 
cated in infections caused by the following micro- 
organisms: 

Rickettsiae: (Rocky Mountain spotted fever, ty- 

phus fever and the typhus group. Q fever, rickett- 

sialpox. tick fevers.) 

Mycoplasma pneumoniae (PPLO, Eaton agent). 

Agents of psittacosis and ornithosis. Agents of 

lymphogranuloma venereum and granuloma in- 

guinale. The spirochetal agent of relapsing fever 

(Borrelia recurrentis). The following gram-nega- 

tive micro-organisms: Hemophilus ducreyi 

(chancroid), Pasteurella pestis and Pasteurella 

tularensis. Bartonella bacillitormis, Bacteroides 

species, Vibrio comma and Vibrio fetus. Brucella 
species (in conjunction with streptomycin). 

Because many strains of the following groups of 
micro-organisms have been shown to be resistant 
to tetracyclines, culture and susceptibility testing 
are recommended. 

MINOCIN minocycline HCI is indicated for treat- 
ment of infections caused by the following gram- 
negative micro-organisms, when bacteriologic test- 
ing indicates appropriate susceptibility to the drug: 

Escherichia coli, Enterobacter aerogenes (for- 

merly Aerobacter aerogenes). Shigella species, 

Mima species and Herellea species, Haemo- 

philus influenzae (respiratory infections), Kleb- 

siella species (respiratory and urinary infections). 

MINOCIN is indicated for treatment of infections 
caused by the following gram-positive micro-or- 
ganisms when bacteriologic testing indicates ap- 
propriate susceptibility to the drug: 
Streptococcus species: Up to 44 percent of strains 
of Streptococcus pyogenes and 74 percent of 
Streptococcus faecalis have been found to be re- 
sistant to tetracycline drugs. Therefore. tetracy- 
clines should not be used for streptococcal disease 
unless the organism has been demonstrated to be 
sensitive. 

For upper-respiratory infections due to group A 
beta-hemolytic streptococci, penicillin is the usual 
drug of choice, including prophylaxis of rheumatic 
fever. 
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MINOCIN LV. 


| 100 mg/Wial 


MINOCIN Capsules 
100 mg 


MINOCIN Capsules 


50mg 


| MINOCIN Syrup 
50 ma/5 cc 


Diplococcus pneumoniae, 
Staphylococcus aureus, skimand som tissue infec- 
tions. Tetracyclines are netth2 drug œ chdicein the 
treatment of any type of staphylococ -al infection. 
When penicillin is contraindicated tet-acyclines 
he alternative drugs in the treatmen: of infections 
ue to: 
Neisseria gonorrhoeae. Trevonemé paWidum and 
Treponeme pertenue(syph lis and saws), Listeria 
monocytogenes, Clostridiem spe: ies, Bacillus 
anthracis. Fusobacterium fusiforme ‘Vincents 
infection), Actinomyces species. 
Im acute intestinal amebiasis, the tetracyclines 
ma be a useful adjunct to amebicides. 

INOCIN is indicated in the treatment of tracho- 
ma. although the infectious agent 6 n3t always 
aliminated, as judged by mmunoflucrescence. In- 
clusion conjunctivitis maybe teated with oral tetra- 
eyciines or with a combination of oral and topical 
agents. 


Oral only: In severe acne. tye tetracyciines may 
be useful adjunctive therapy. Minocyclire is indi- 
cated in the treatment of asymptoma ic carriers of 
N. meningitidis to eliminatemeningococa from the 
nasopharynx. 

In order to preserve the usefulness Df MINOCIN 
minocycline HCI in the treatment of asymptomatic 
meningococcal carriers, diagrostic lasoratory pro- 
cedures, including serotyping and susceptibility 
testing, should be performed tc establi hthecarrier 
state and the correct treatment. It is resommended 
tnat the drug be reserved for situationsin which the 
risk of meningococcal meningitis is hah. 

Minocycline is not indicated for the ‘reetment of 
meningococcal infection. 


CONTRAINDICATIONS. This drug is centraindi- 
cated in persons who have shown hyrersensitivity 
to any of the tetracyclines 


WARNINGS. In the presence of renal dys*unction, 
particularly in pregnancy, intravenous tetracycline 
therapy in daily doses exceeding 2 grams has been 
associated witn deaths throug liver failure. 

Whentheneedfor intensive teatmert outweighs 
its potential dangers (mostly during pregnancy or in 
irdividuals with known or suspected rena or liver 
impairment), it ss advisable toperform renal andliver 
function tests before and during therapy. Aiso tetra- 
cycline serum concentrations should t fcllowed. 

If renal impairment exists, evan usuæ oral or par- 
enteral doses may lead to excessive systemic accu- 
mulation of the drug and possible liver toxicity. 
Under such conditions, lower than usu total doses 
are indicated, and if therapy is prolorgec, serum 
level determinations of the drug may be acvisable. 
This hazard is of particular importance ir the paren- 
teral administration of tetracycBnes to sregnant or 
post-partum patients with pyelonept-itis. When 
used under these circumstances, the dlood level 
should not exceed 15 microg-ams/me and liver 
function tests should be made a` frequest irtervals. 
Other potentially hepatotoxic drugs sheuld not be 
prescribed concomitantly. 

The use of tetracyclines dur ng toom develop- 
ment ‘last half of pregnancy. infancy, ane childhood 
to the age of 8 years) may cause permanent dis- 
codioration of the teeth (yellow gray-brown |. This ad- 
verse reaction s more common during long-term 
us2 of the drugs but has been observed fallowing 
repeated short-term courses. Enamel nypoplasia 
has also been reported. Tetracyclines. therefore, 


should not be used in this age group unless other 


drugs are not likely to be effec’ive or -re contra- 


_ indicated. 


Photosensitivity manifested by an exaggerated 
sunburn reaction has been observed in some indi- 
vicuals taking tetracyclines. Pat ents ap to be ex- 
posed to direct sunlight or ultraviolet light should 
be advised that this reaction can occur with tetra- 


~ cycline drugs, and treatment should be-discontin- 


y 


ued atthe first evidence of skin srythema. Studies 


- 


-= tođateindicatethat photosensitivity doe- not occur 
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(GENERAL) (GENERAL) 


200 mg initially, 


100 mg q. 12 h. 2 mg/kg q. 12h. 


200 mg initially, 


100 mg q. 12 h. 2 mg/kg q. 12h. 


100 mg or 200 mg 
initially, 50 mg 


q.i.d. 2 mg/kg q. 12h. 


2 teaspoonfuls 
(100 mg) initially, 
1 teaspoonful 
(50 mg) q.i.d. 


2 mg/kg q. 12h. 





The antianabolic action of the tetracyclines may 
cause an increase in BUN. While this is not a prob- 
lem in those with normal renal function, in patients 
with significantly impaired function, higher serum 
levels of tetracycline may lead to azotemia, hyper- 
phosphatemia, and acidosis. 

CNS side effects including lightheadedness. diz- 
ziness or vertigo have been reported. Patients who 
experience these symptoms should be cautioned 
about driving vehicles or using hazardous machin- 
ery while on minocycline therapy. These symptoms 
may disappear during therapy and always dis- 
appear rapidly when the drug is discontinued. 


Usage in Pregnancy. (See above Warnings about 
use during tooth development.) 

Results of animal studies indicate that tetracy- 
clines cross the placenta, are found in fetal tissues 
and can have toxic effects on the developing fetus 
(often related to retardation of skeletal develop- 
ment). Evidence of embryotoxicity has also been 
noted in animals treated early in pregnancy. 


Usage in newborns, infants, and children. (See 
above ‘Warnings about use during tooth develop- 
ment.) 

Alltetracyclines forma stable calcium complex in 
any bone forming tissue. A decrease in the fibula 
growth rate has been observed in prematures given 
oral tetracycline in doses of 25 ma./kg. every 6 
hours. This reaction was shown to be reversible 
when the drug was discontinued. 

Tetracyclines are present in the milk of lactating 
women who are taking a drug in this class. 


PRECAUTIONS. As with other antibiotics prepara- 
tions. use of this drug may result in overgrowth of 
nonsusceptible organisms, including fungi. If super- 
infection occurs, the antibiotic should be discon- 
tinuedand appropriatetherapy should beinstituted. 

in venereal diseases when coexistent syphilis is 
suspected, darkfield examination should be done 
before treatment is started and the blood serology 
repeated monthly for at least 4 months. 

Because tetracyclines have been shown to de- 
press plasma prothrombin activity. patients who are 
on anticoagulant therapy may require downward 
adjustment of their anticoagulant dosage. 

in long-term therapy, periodic laboratory evalua- 
tion of organ systems, including hematopoietic. 
renal and hepatic studies should be performed. 

All infections due to Group A beta-hemolytic 
streptococci should be treated for at least 10 days. 

Since bacteriostatic drugs may interfere with the 
bactericidal action of penicillin, it is advisable to 
ns giving tetracycline in conjunction with peni- 
cillin. 


ADVERSE REACTIONS. Gastrointestinal: Ano- 
rexia. nausea. vomiting, diarrhea. glossitis. dys- 
phagia. enterocolitis, and inflammatory lesions 
(with monilial overgrowth) in the anogenital region. 
These reactions have been caused by both the 
oral and parenteral administration of tetracyclines. 
Skin: Maculopapular and erythematous rashes. 
Exfoliative dermatitis has been reported but is un- 
common. Photosensitivity is discussed above. (See 
“Warnings. ) Renal toxicity: Rise in BUN has been 
reported and is apparently dose related. (See 
“Warnings. ) Hypersensitivity reactions: Urticaria. 
angioneurotic edema, anaphylaxis, anaphylactoid 
purpura, pericarditis and exacerbation of systemic 
lupus erythematosus. Bulging fontanels have been 
reported in young infants following full therapeutic 
dosage. This sign disappeared rapidiy when the 
drug was discontinued. Blood: Hemolytic anemia. 
thrombocytopenia, neutropenia and eosinophilia 
have been reported. CNS: (See Warnings. ) When 
given over prolonged periods, tetracyclines have 
been reportedto produce brown-black microscopic 
discoloration of thyroid glands. No abnormalities 
_of thyroid function studies are known to occur. 


DOSAGE AND ADMINISTRATION: ORAL.Therapy 
should be continued for at least 24-48 hours after - 
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PEDIATRIC DOSAGE 


4 mg/kg initially. 


4 mg/kg initially. 


4 mg/kg initially. 


4 mg/kg initially. 


HOW SUPPLIED 


1 Vial 100 m : 
Box of 100 Vials 


Bottles of 50's and 100: E 
Uni dose 10x105. 4 
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symptoms and fever have subsided. - = m. 
Concomitant therapy: Antacids containing 
aluminum. calcium. or magnesium impair absorp- 
tion and should not be given to patients taking oral — 
tetracycline. hi 
Studies todate haveindicated thatthe absorption 
of MINOCIN isnot notably influenced by foods and- GaN 
dairy products. “4 A > e A 
In patients with renal impairment (See Warn- 
ings.) Total dosage should be decreased by reduc- Ss 
tion of recommended individual doses and/or by 
extending time intervals between doses . ae 
In the treatment of streptococcal infections. a 
therapeutic dose of tetracycline should beadminis- 
tered for at least 10 days. Se, eh a 
ADULTS: The usual dosage of MINOCIN minocy- 
cline HCI is 200 mg. initially folle | py 100 mg 
every 12hours Alternatively.ifmorefrequentdoses 
are preferred. two or four 50 mg. capsules may be 
given initially followed by one 50 mg capsule four — 
times daily. s oy 
CHILDREN: Theusual dosageof MINOCINmino- 
cycline HCI is 4 mg_/Kg. initially followed by 2 mg / 
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Kg. every 12 hours. 


_ Fortreatmentof syphilis. the usual dosageof 
MINOCIN should be administered over a period of 
10-15 days. Close followup. including laboratory 
tests. is recommended. a 
Gonorrhea patients sensitive to penicillin may be = 
treated with MINOCIN. administered as 200 mg 
initia llowed by 100 mg. every twelve hours for 
a minimum of 4 days. with post-therapy cultures 
within 2-3 days a 
In the treatment of meningococcal carrier state 
recommended dose is 100 mg. every 12 hours for Ž 
five days. + 


DOSAGE AND ADMINISTRATION: INTRAVE- 
NOUS. Note: Rapid administration is to be avoided ` 
Parenteral therapy is indicated only when oral — 
therapy is not adequate or tolerated Oral therapy 
should be instituted as soon as possible Ifintrave- 
nous therapy is given over prolonged periods of | 
time. thrombophlebitis may result. ifj 
ADULTS: Usual adult dose: 200 mg followed by — 
100mg every 12 hours and should not exceed — 
400 mg. in 24 hours The drug should be initially dis- 
solvedandthen further diluted to 500-1,000 cc.with — 
either Sodium Chloride Injection USP. Dextrose 
Injection USP. Dextrose and Sodium Chloride tn- 
jection USP. Ringers Injection USP, or Lactated 
Ringers Injection USP. but not in other solution — 


r, 
a 


containing calcium (a precipitate may form). a 
The reconstituted sslutions are stable at room 
temperature for 24 houfs without significantlossof 


potency. Any unused portions must be discarded 
after that period Thefinal dilution for administration 
should be administered immediately. 

CHILDREN: Usual pediatric dose: 4 mg /kg. fol- 
lowed by 2 mg/kg. every 12 hours. 

In patients with renal impairment: See Warn- 
ings. } : 

Total dosage should be decreased by reduction of 
recommended individual doses and/or by extend- 
ing time intervals between doses. 


HOW SUPPLIED. Capsules—Minocycline Hydro- 
chloride equivalent to 100 mg. Minocycline Hard- 
shell purple and orange. Bottles of 50 and 100, Unit 
Dose 10 x 10's. Product No. 5301. 

Minocycline Hydrochloride equivalent to 50 mg. 
Minocycline. Hardshell orange. Bottles of 100 and 
Unit Dose 10 x 10's. Product No. 5300. 

Syrup— Minocycline Hydrochloride equivalent 
to 50 mg. Minocycline per teaspoonful 5 cc ). Pre- 
served with propylparaben O 10% and butylparaben 
0.06% with Alcohol USP 5% v/v. Custard-flavored in 
bottles of 2 fl. oz. Product No. 5313. 

Intravenous—100 mg. vials of sterile cryodesic- — 
cated powder. Product No 5305. (Combined 5/73) 


MILITARY FSN 6505-149-0574 100 mg I.V 


MILITARY FSN 6505-003-5112 ; | 
VA FSN 6505-003-5112A } 100 mg capsules set 
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Symmetrical Peripheral Gangrene 


John N. Goodwin, MD, Thomas V. Berne, MD, Los Angeles 
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Four patients with acute medical illnesses 
developed peripheral symmetrical gangrene. 
All were seen in one hospital within a six- 
month period. There was no evidence of sig- 
nificant proximal arterial occlusion. Hypo- 
tension and poor tissue perfusion were pres- 
ent in each case. There was associated 
sepsis in three. Diffuse intravascular coag- 
ulation was documented in one patient and 
suspected in another. All patients demon- 
strated some degree of acute renal failure, 
and myoglobinuria was noted in two. All pa- 
tients ultimately died. An appreciation of the 
seriousness of the etiological factors in pa- 
tients with peripheral symmetrical gangrene 
will direct therapeutic efforts toward correc- 
tion of the underlying disorder and avoid un- 
necessary angiography or surgical interven- 
tion. 


One peripheral gangrene 
(SPG) is ischemic necrosis simul- 
taneously involving the distal por- 
tions of two or more extremities 
without proximal arterial obstruction. 
In severe cases there may be gan- 
grene of the tip of the nose, the ear 
lobes, upper lips, or genitalia. When 
evidence of severe symmetrical is- 
chemia becomes apparent, recogni- 
tion of this syndrome becomes imper- 
ative. A knowledge of this condition 
may avoid unrewarding angiographic 
or surgical intervention in these crit- 


ically ill patients and should focus ef- 
forts on diagnosis and the vigorous 
treatment of the underlying causes. 
Although this clinical entity has been 
infrequently described in the surgical 
literature, four patients with SPG 
were seen in consultation by the sur- 
gical service at the Los Angeles 
County-University of Southern Cali- 
fornia Medical Center in the six- 
month period from December 1972 to 
June 1973. These cases and a review 
of the current literature form the 
basis for this article. An attempt will 
be made to develop a unified concept 
of the pathogenesis of this condition. 


Report of Cases 


CAsE 1.—A white man estimated to be 70 
years old was seen in a local emergency 
room. He had been found lying uncon- 
scious on the floor of his apartment. No 
blood pressure was obtainable. He was 
given 2 liters of normal saline intrave- 
nously and referred to Los Angeles 
County-USC Medical Center. Results of a 
physical examination on admission re- 
vealed ischemic hands and feet, as well as 
necrosis of both ear lobes and the tip of his 
nose (Fig 1 through 4). His blood pressure 
was now 120/86 mm Hg; pulse, 90 beats per 
minute; and temperature, below 35.6 C (96 
F) rectally. Both legs were cold and purple 
below the knees. His right hand had 
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purple, cald fingertips, while zhe left hand 
had similar changes to the proximal inter- 
phalangeal joints. Good carotid, brachial, 
and common femoral pulses were present 
bilaterally, but there were no palpable ra- 
dial, popliteal, or posterior “ibial pulses. 
Within 24 hours he hed return of radial 
and popliteal pulses, but he never had pos- 
terior tibial or dorsalis pedis pulses. 

Laboratory studies on admission dis- 
closed the following values: hemoglobin, 
16.2 gm/100 ml; glucose, 474 mg/100 ml; 
blood urea nitrogen (BUN), 223 mg/100 ml; 
sedium, 130 mEg/liter; potassium, 6.0 
miq/liter; white bloed cell count (WBC), 
34.200/cu mm. Arterial blood gas studies 
revealed an oxygen pressure “Po,) of 115 
mm Hg, en arterial carbon @oxide pres- 
sure (Pco,) of 21 mm Hg, a bicarbonate 
level of 13 mEq/liter, and pH of 7.40. 

The patient was treated wth intrave- 
nously administered fluids, msulin, and 
warm blankets. An electrecardiogram 
shewed no acute changes. A spma. tap was 
negative. Initially there was no urine out- 
put, but after 18 hours and tae adminis- 
tration of 200 mg of furosemide and 5 li- 
ters of electrolyte solution, the urine 
output was 30 to 50 ml/hr. His urine 
myoglobin level was 140 mg/liver (normal, 
4.0 mg/liter). A hematology eonsultation 
was requested because of a markedly re- 
duced platelet count of 30,000’cu mm. A 
clotting screen documented a ncrmal fi- 
brinogen value of 256 mg/100 ml, a slight- 
ly prolonged partial thrombopeastin time 
(PTT), and a trace-positive protamine test. 
Additional tests in 24 hours showed dra- 
matic improvement with no speciiic ther- 
apy. The initial results were bel=ved not to 
represent significant intravasaular coag- 
ulation, but to have been consstent with 
an acute hypotensive illness. Despite an 
adequate urine volume, his BUN level re- 
mained over 200 mg/100 ml and his creati- 
nine clearance value was calculated at 8.5 
ml/min. Blood, urine, and cereoral spinal 
fluid (CSF) cultures yielded no growth. He 
regained consciousness and had no focal 
neurological deficit. However, zhere was 
progressive pulmonary insufficieacy and he 


died four days after admission. 


Postmortem examination revealed no 
evidence of sepsis and no artemiosclerotic 
occlusion of the major vessels of the arms 
and legs. Actual sections of the tibial ar- 
teries in the areas of gangrene were not 
taken. There was hemorrhagic necrosis of 
the gastrocnemius muscles. An unexpected 
finding was the presence of multple muco- 
sal ulcerations of the colon with tne mesen- 
teric vessels free of significant arterioscle- 
rosis. He had microscopical evidence of 
minimal bronchopneumonia. 

Case 2.—A 70-year-old man wko had 
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been bedridden for seven months following 
a myocardial infarction was admitted with 
a two-week history of anorexia, nausea, 
and vomiting and a three-day history of 
severe dyspnea. Results of a physical ex- 
amination on admission revealed no mea- 
surable blood pressure, a palpable regular 
pulse of 150 beats per minute, a respira- 
tory rate of 60 breaths per minute, and an 
oral temperature of 38.9 C (102 F). The pa- 
tient was in obvious respiratory distress. 
There were rales and ronchi in both lower 
lung fields. His legs were mildly edematous 
and slightly tender, as well as cold and 
cyanotic to just above the ankles. Both 
hands were cyanotic and cold. The radial 
and femoral pulses were weak, while the 
popliteal and distal leg pulses were not pal- 
pable. A chest roentgenogram showed bi- 
lateral lower lobe infiltrates and right 
middle lobe consolidation. Admitting labo- 
ratory data included the following values: 
hematocrit reading, 41%; WBC, 16,200/cu 
mm; BUN, 138 mg/100 ml; carbohydrate, 
149 mg/100 ml; sodium, 141 mEq/liter; and 
creatinine, 7.1 mg/100 ml. Blood gas values 
on room air showed a Po, of 55 mm Hg, a 
Pco, of 17 mm Hg, and pH of 7.42. An ECG 
showed an old anteroseptal myocardial in- 
farction and anterior apical ischemia. The 
impression. on admission was septic shock 
secondary to pneumonitis. 

The patient was treated with nasal oxy- 
gen, cephalothin sodium (Keflin), gen- 
tamicin sulfate (Garamycin), and poly- 
styrene sodium sulfonate (Kayexalate) 
resin enemas. A fluid challenge as well as 
an isoproterenol (Isuprel) hydrochloride 
drip returned the blood pressure to 150/100 
mm Hg, but the urine output for the first 
16 hours in the hospital was only 105 ml. 
Results of a urine analysis showed pyuria, 
as well as many hyaline and finely granu- 
lar casts. Peritoneal dialysis was begun the 
day after admission. The urine output dur- 
ing the second 24 hours was 718 ml, but the 
creatinine clearance value was calculated 
as 5 ml/min. Vascular surgical consulta- 
tion was obtained, and the feet and hands 
were noted to be gangrenous while the ra- 
dial, brachial, femoral, and popliteal pulses 
were all 3+ to palpation. A urine myo- 
globin value was greater than 550 mg/liter 
(normal, 4.0 mg/liter), presumably due to 
severe muscle ischemia. The serum lactic 
dehydrogenase (LDH), creatinine phos- 
phokinase, glutamic oxaloacetic transami- 
nase (SGOT), and glutamic pyruvic trans- 
aminase (SGPT) levels were all markedly 
elevated. The platelet count was 61,000/cu 
mm. The results of the protamine test 
were negative, the PPT was normal, and 
the factor VIII was 400% of normal. 

Klebsiella and Pseudomonas, both sensi- 
tive to gentamicin, grew from tracheal as- 
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pirates. Cultures of the CSF, the blood on 
three different occasions, and the peri- 
toneal dialysis fluid were all negative. The 
patient’s condition continued to deteri- 
orate, and he died nine days after admis- 
sion. Autopsy was refused. 

CASE 3.—A 48-year-old woman was seen 
in an outlying emergency room. She had a 


_ two-week history of fever, chills, shortness 


of breath, sweats, and weakness. When 
first examined she was cyanotic and dysp- 
neic, and a chest roentgenogram showed 
bilateral lower lung infiltrates. Blood gas 
values revealed a Po, of 45 mm Hg, a Poo, 
of 47 mm Hg, and pH of 7.28 She was 
given an injection of lincomycin hydrochlo- 
ride monohydrate (Lincocin) and dexa- 
methasone (Decadron) and transferred to 
Los Angeles County-USC Medical Center. 
Results of a physical examination on ad- 
mission showed a blood pressure of 104/60 
mm Hg; pulse, 120 beats per minute; oral 
temperature, 39.3 C (102.8 F); and a res- 


piratory rate of 40 breaths per minute. She 


was an acutely ill, toxic-appearing woman, 
with dullness at both lung bases associated 
with coarse rales and ronchi bilaterally. 
Her fingers and toes were cyanotic. Her 
WBC was 3,100/cu mm, with 46% seg- 
mented neutrophils and 33% band forms. 
Further blood gas values and a second 
chest roentgenogram were unchanged. An 
endotracheal tube was passed and gross- 
ly purulent sputum was aspirated. Gram 
stain of the sputum showed Gram-positive 
diplococci. Diplococcus pnewmoniae were 
subsequently grown on culture. Clinical 
impression was sepsis secondary to pneu- 
monitis. Diplococcus pneumoniae grew 
from three blood cultures drawn en admis- 
sion. 

Because of a penicillin allergy, she was 
placed on a regimen of erythromycin (Er- 
ythrocin) and gentamicin. About six hours 
after admission she became hypotensive, 
but responded to intravenous fluids and 
isoproterenol. The chest roentgenogram 
the following day showed evidence of fluid 
overload and the patient was treated with 
corticosteroids, furosemide, and the insti- 
tution of positive end expiratory pressure 
(PEEP) ventilation. She underwent tra- 
cheostomy on the third hospital day, but 
her blood gas values still showed a Po, of 
44 mm Hg, and a Pco, of 39 mm Hg, de- 
spite an inspired oxygen centration of 80% 
and PEEP of 6 em H,O. All four distal ex- 
tremities developed patchy areas of gan- 
grene despite good radial, popliteal, and 
posterior tibial pulses (Fig 5 and 6). A test 
for cryoglobulinemia was negative. A co- 
agulation screen revealed a platelet count 
of 45,000/cu mm, a decreased fibrinogen 
level of 150 mg/100 ml, a prolonged PTT, 
and strongly positive protamine test re- 
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Fig 1.—Ilschemic hands of patient 1. 


Fig 4.—Gangrenous changes in external 
ear of patient 1. Opposite ear was similarly 
involved. 





sults. This was thought to represent signif- 
icant disseminated intravascular coag- 
ulation (DIC) secondary to sepsis, and a 
continuous intravenous infusion of heparin 
sodium at a rate of 1,200 units/hr was be- 
gun. Chloramphenicol (Chloromycetin) was 
added to the antibiotic regimen. She was 
maintained on the same dosage of heparin 
for five days with improvement in her con- 
dition and a return of the plasma fibrino- 
gen level to normal. The heparin was then 
slowly tapered off. She was also demon- 
strating gradual improvement in her pul- 
monary function, and ventilatory assist- 
ance was discontinued. 

On her 16th hospital day she was appar- 
ently doing well when she suddenly be- 
came febrile, hypotensive, and unrespon- 
sive. Sputum Gram stain and culture 
demonstrated a Bacteroides. Multiple 
blood cultures drawn at this time were 
negative. She died within 24 hours despite 
intravenous administration of fluids, 
isoproterenol, levarterenol _ bitartrate 
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Fig 2.—Lower extremities of patient 1 
demonstrating ischemic changes in legs 
and bilateral pedal gangrene. 


Fig 5.—Both hands of patient 3 showing 
patchy gangrene. 





(levophed), ventilatory assistance, and the 
reinstitution of corticosteroid and chloram- 
phenicol therapy. 

CASE 4.—A 72-year-old white man with a 
long history of left-sided chest pain re- 
lieved by nitroglycerin was seen in the ad- 
mitting room. He was complaining of se- 
vere chest pain for two weeks and the 
sudden onset of severe dyspnea the morn- 
ing of admission. Examination revealed a 
blood pressure of 70/50 mm Hg, regular 
pulse rate of 144 beats per minute, and a 
respiratory rate of 48 breaths per minute. 
Auscultation of the chest revealed bilateral 
rales and ronchi, with dullness and de- 
creased breath sounds at the right base. 
Both his legs were cyanotic and mottled 
below the knees, with decreased sensation 
to pinprick. He had good femoral pulses bi- 
laterally without bruits, but no palpable 
distal lower extremity pulses. Laboratory 
studies revealed the following values: he- 
moglobin, 13.6 gm/100 ml; WBC, 6,000/cu 
mm, with 9% segmented neutrophils and 


Fig 3.—Gangrene of nose in patient 1. 


Fig 6.—Feet of patient 3 showing gangre- 
nous changes. 





57% band forms. His serum potassium 
level was 4.6 mEq/liter; sodium, 154 
mKq/liter; BUN, 130 mg/100 ml; pH, 7.40; 
and bicarbonate, 12 mEq/liter. Cardiac 
output was calculated as 3.4 liters/min. 
The impression on admission was Gram- 
negative sepsis secondary to pneumonitis. 

The patient was started on a regimen of 
cephalothin and gentamicin and given 2.5 
gm of methylprednisolone sodium succi- 
nate. Escherichia coli, sensitive to both an- 
tibiotics, grew from three blood cultures 
drawn on admission. Sputum cultures re- 
vealed the same organism, as well as a 
Pseudomonas that was resistant to gen- 
tamicin and sensitive only to polymyxin B 
sulfate and carbenicillin disodium. During 
the next 24 hours the patient remained 
hypotensive (70/50 mm Hg), despite 5 li- 
ters of intravenous fluid. His urine output 
had been 230 ml for 24 hours. At this time 
he had a good popliteal pulse on the left 
and no popliteal pulse on the right. He de- 
veloped bilateral gangrene of both legs to 
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just below the knees. The patent remained 
comatose, hypoxic, hypotensi-e, and acidot- 
ic. The same resistant Pseucomonas grew 
from further blood cultures on the fourth 
hospital day. 

The patient maintained both clinical and 
radiologieal evidence of bitateral pneu- 
monitis. The patient hed mulaiple complete 
Blood counts drawn that demonstrated 
markedly reduced pletelets. No clotting 
sereen was obtained. Cn the : ixth hospital 
day the patient hac an apper gastrointesti- 


nal traet hemorrhage requiriag the trans- 


fasion of 3 units of klood. Shortly after 
this, the patient was noted t» be severely 
obtunded with nonreaczive pupils. A spinal 
tsp revealed cloudy ficid, no gross blood, 
and a WBC of 2,800/cu mm. His BUN level 
was 220 mg/100 ml. Pseudomonas grew 
from a subsequent culture of he CSF. The 
patient died the follewing day, one week 
pestadmission. 

Postmortem examination nevealed ex- 
tensive meningitis and a large acute sub- 
arachnoid hemorrhage fom arsunidentified 
mycotic aneurysm due to the meningitis. 
There was also a right-middle and right- 
lower lobe pneumonitis A superficial ul- 
ceration of the prepyleric area of the stom- 
ach was abo found. 


Comment 


` Most accounts ef symmetrical pe- 
ripheral gangrene are individual case 
reports of cardiogenic soek and 
low flow states complicatng acute 
myocardial infarction,’* severe 
dysrhythmia,‘ pulmonary embolus,’ 
and congestive heart failure.’ Post- 
mertem examinations in these pa- 
tients, including gross and microscop- 
ical evaluation of the peripheral 
arteries in the areas of sgangrene, 
failed te reveal evidence ef throm- 
bosis, embolus, or vasculitis. The 
mechanism proposed for this ischemic 
phenomenon was deserided by Fish- 
bere in 1938.’ He attributed the 
changes to decreased cardiac output 
with intense reflex vasoconstriction 
in the extremities and splanchric ves- 
sels in an attempt to improye the per- 
fusion of the more vital cerebral and 
corenary circulations. Burtor* and Ni- 
chol et aP in 1951 suppled veri- 
fication of the basic instability of 
small blood vessels whose smooth 
muscle walls allow mtense vasocon- 
striction and nonthrombotic dcclusion 
when the intraluminal hydrostatic 
pressure drops below the critical clos- 
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ing pressure. It has been shown that 
blood flow through human digital ar- 
teries falls to zero when the perfusion 
pressure is still as high as 35 to 60 mm 
Hg." 

Nonocclusive gangrene of the 
bowel, presumably by the mechanism 
of lowered cardiac output and reflex 
splanchnic vasoconstriction, has been 
extensively described in the surgical 


literature. "+? However, there is al- . 


most no mention of the occurrence of 
SPG of the extremities in the same 
literature. 

The first patient in this series 
would seem to be an example of this 
vasospastic phenomenon carried to its 
ultimate, with gangrene of the hands, 
feet, legs to the knees, nose, and ears. 
He also had mucosal ulceration of the 
colon. His hypotensive state was due 
to hyperosmolar coma with severe de- 
hydration and hypovolemia, with no 
septic focus. There probably is a path- 
ophysiologic relationship between 
this case and the gangrenous changes 
seen in ergotamine intoxication,” 
frostbite," and advanced Raynaud 
phenomenon.’ 

The second clinical setting with 
which SPG has been associated is the 
patient with a bloodstream infection. 
The most frequent site of sepsis is 
pulmonary, as if central hypoxemia 
may contribute to the peripheral vas- 
cular insufficiency.” Interestingly, 
SPG occurs frequently in Gram-posi- 
tive septic shock, having been re- 
ported in staphylococcal, streptococ- 
cal, and pneumococcal bacteremia, '®-?° 
Recent reports of SPG associated 
with sepsis have included coagulation 
analyses.'**° The presence of throm- 
bocytopenia, hypofibrinogenemia, re- 
duction in clotting factors V and 
VIII, as well as the presence of fi- 
brinogen split products in the blood, 
documents the presence of DIC in 
these cases of SPG. The clotting sys- 
tem abnormalities to be expected in 
sepsis were documented by Corrigan 
et al.” They did detailed coagulation 
analyses in 36 pediatric patients with 
positive blood cultures. The changes 
of DIC were not found in any of the 
25 normotensive patients, while clear- 
cut evidence of a coagulopathy was 
found in all 11 of the patients who 
were hypotensive (systolic blood pres- 


sure less than 80 mm Hg). l 

Two of the patients in our present 
series (cases 3 and 4) had documented 
bloodstream infections. Evaluation of 
the clotting system in the patient 
with pneumococcal sepsis (case 3) 
showed unequivocal evidenee of DIC, 
and this may have been a factor in 
the development of the gangrenous 
changes in her extremities. Patient 4, 
with both E coli and Pseudomonas 
sepsis, never had the appropriate 
clotting tests drawn. However, his 
markedly reduced platelet count sug- 
gests the possibility of DIC. The sec- 
ond patient in this series with severe 
pneumonia due to Klebsiella and 
Pseudomonas had no documented 
bloodstream infection. He had min- 
imal derangement of his clotting sys- 
tem. The activation of the intravascu- 
lar clotting system is presumably the 
mechanism by which SPG has been 
described in such viral infections as 
measles,” chicken pox,” and some 
rickettsial diseases. Si 

Each patient in this report mani- 
fested some element of renal dys- 
function. In at least two of the pa- 
tients it was a prominent aspect of 
their acute illnesses and subsequent 
deaths. In both of these patients, the 
urine myoglobin level was dramati- 
cally elevated and must have contrib- 
uted to the renal failure. Myoglo- 
binuria leading to acute renal failure 
has been described in acute periph- 
eral ischemia due to arterial emboli- 
zation,” extreme exertional states,” 
heroin addiction,”® and hereditary 
rhabdomyolytic syndromes.” The 
exact mechanism of renal failure in 
myoglobinuria is not known, but the 
likelihood of renal damage is in- 
creased in hypovolemic states with 
decreased renal perfusion and in 
acidosis. One patient in this series 
(case 2) with the tender, slightly swol- 
len legs, the markedly elevated 
muscle enzymes, and BUN and urine 
myoglobin levels of greater than 550 
mg/liter, had the full myoglebinuria 
syndrome. 

Multiple extremity ischemia should 
always suggest SPG syndrome. The 
grave implications of this condition 
should stimulate a vigorous effort to 
define the possible etiologic factors. 
Low flow states, sepsis, DIC, and 
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myoglobinuria should all be treated 
aggressively if found. Knowledge of 
SPG will avoid undue preoccupation 
with the peripheral ischemic phenom- 
ena and direct therapeutic attention 
to the life-threatening etiologic con- 
dition. If surgically correctable proxi- 
mal arterial occlusion is suspected, 
angiographic confirmation or consid- 
eration of surgical intervention 
should await complete evaluation and 
treatment of any underlying dis- 
order. 


Nonproprietary Names and 
Trademarks of Drugs 


Carbenicillin disodium—Pyopen. 
Furosemide—Lasiz. 
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External Carotid Artery Shunting 


During Carotid Endarterectomy 


Evidence for Feasikility 


Herbert I. Machleder, MD, W ley F. Barker, MD, Los Angeles 


The contribution of the external carotid ar- | 


tery to cerebral blood flow was-evaluated in 
eight patients undergeirg caratid endarter- 
ectomy. With restoration of ext€rnal carotid 
artery flew, the internal carotic artery back 
pressure was augmented by ap average of 
20.9%. This represented a mean rise in in- 
ternal carotid artery back pressure of 10.8 
mm Hg, 2 median rise of 12.8 mm Hg, and a 
range of O to 17.5 mm Hg rise in pressure. 
To provide cerebral protection dering carotid 
endarterectomy, an external carotid artery 
shunt wes utilized in four patients without 
technical difficulty and w'th satisfactory op- 
erative results. In selected cases this modal- 
ity of cerebral protection may be a valuable 
adjunct in the performance of carotid end- 
arterectomy. 


ince the advent of mocern arte- 
rial surgery, techniques designed 

zo reconstruct the atheroscierotic ca- 
rotid artery have undergore contin- 
ual change,’ as have the indications 
for their performance. Concomi- 
tantly, there has been æ gradual 
accumulation and reevaluat-on of in- 
formation regarding cerebral circula- 





Aecepted for publication Feb 13, 3974. 

From the Department of Surgery, UCLA 
School of Mecicine, Los Angeles. 

Read before the annua! meeting o“ the South- 
ern California Chapter of the Amerman College 
of Surgeons, Palm Springs, Calif, Jan 13, 1974. 

Reprint requests to Department əf Surgery, 
UCLA School of Medicine, Los Angeles, CA 
90024 (Dr. Machleder). 


Arch Surg/Vol 108, June 1974 


= + 


tory dynamics. Although these data 
have influenced the development of 
cerebral revascularization procedures, 
the mode of cerebral circulatory res- 
toration in the presence of internal 
carotid occlusive disease remains a 
particularly perplexing physiologic 
mechanism that requires elucidation. 

Although the early observations of 
Willis? focused on the importance of 
intracranial collateral pathways, the 
past decade has witnessed the ana- 
tomical demonstration of significant 
external carotid to internal carotid 
collateral anastomoses that serve to 
preserve cerebral circulatory integ- 
rity in the presence of diminished 
pressure and flow in the proximal 
part of the internal carotid artery.*° 
This, in turn, has led to methods of 
early recognition of hemodynamically 
significant lesions in the proximal 
part of the internal carotid artery.’ 
Although the anatomical presence 
and extent of these collateral vessels 
has been abundantly demonstrated 
by roentgenographic investigation,** 
flowmeter assessment, anatomic 
demonstration,’ and clinical observa- 
tion,’ the functional contribution of 
these collateral pathways has re- 
mained relatively obscure and has not 
yielded to the various noninvasive 
techniques for flow evaluation. Even 
though the quantitative functional 
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significance of these pathways has 
not been thoroughly assessed experi- 
mentally, there has already been con- 
siderable clinical use of this informa- 
tion.’ 

Our work, and that of others, 
in evaluating the Doppler ophthalmic 
test has demonstrated the consistent 
presence of external carotid collateral 
pathways. The present investigation 
was directed to an attempt to define 
more precisely the quantitative func- 
tional contribution of these pathways 
and to evaluate their potential role in 
cerebral revascularization and in the 
technical conduct of carotid endarter- 
ectomy. 


Materials and Methods 


Eight patients undergoing carotid end- 
arterectomy on the basis of symptoms of 
transient cerebrovascular insufficiency and 
angiographic demonstration of a lesion at 
the internal carotid artery origin were se- 
lected for careful intraoperative pressure 
measurements. In addition to menitoring 
of the systemic arterial pressure, internal 
carotid artery pressures were measured by 
an indwelling 20-gauge needle distal to the 
obstructing plaque (Fig 1). The needle was 
connected to a pressure transducer and 
permanent strip recorder. The back pres- 
sure, or “stump” pressure, was then mea- 
sured by clamping both the external ca- 


rotid and internal carotid arteries, the 


latter being occluded proximal to the site 
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Fig 2.—Technique of measuring inter- 
nal carotid artery back (“stump”) pres- 
sure. 
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Fig 1.—Internal carotid artery pres- 
sure measured distal to occluding 
plaque. 
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Fig 4.—Mean internal carotid artery back pressure before and after restoration 
of flow into external carotid artery. Intraoperative measurements in eight patients. 
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Internal External 


Common Carotid Artery 


mm Hg 


Fig 3.—Internal carotid artery back 
pressure measured during restoration of 
external carotid artery flow. 


of pressure measurement (Fig 2). The 
pressure reading obtained in this manner 
reflects the residual pressure in the inter- 
nal carotid system as a function of the col- 
lateral blood supply.*"° To determine the 
effect of homolateral external carotid ar- 
tery flow on the internal carotid artery 
back pressure, the external carotid artery 
was alternately clamped and unclamped 
and pressure recorded (Fig 3). 


Results 


All eight patients demonstrated a 
rise in internal carotid artery systolic 
back pressure with restoration of ex- 
ternal carotid artery flow. The aver- 
age rise was 13.5 mm Hg, with a 
range of 4 mm Hg to 21 mm Hg, as 
calculated from data shown in the 
Table. In seven of the eight patients 
evaluated, a rise was seen in mean in- 
ternal carotid artery back pressure 
during restoration of external carotid 
artery flow (Fig 3 and 4). In one pa- 
tient, although there was a small rise 
in systolic pressure, the mean pres- 
sure remained the same. For all eight 
patients, the average rise in mean in- 
ternal carotid artery back pressure 
was 10.8 mm Hg, and the median rise 
was 12.8 mm Hg, with a range of 0 
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Doppler Ophthalmic Test Results 


Positive 


Negative 


Patients 


Fig 5.—Percert augmentation of mean internal carotid ar- 
tery back pressure after restoration of flow into external ca- 
rotid artery. Inteaoperative measurements of eight patients. 
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Fig 6.—=xternal carotid shunt during 
internal carotid endarterectomy, as used 
im four parients. 





mm Hg change (one patienz) z0 17.5 
mm Hg change (Table). Ths repre- 
sents an average augmentation of 
mean back pressure of 20.9% (Fig 5). 
Patients who did not have = statisti- 
cally signiicant rise in internal ca- 
rotid artery back pressure were easily 
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Intraoperative Measurements of 
Internal Carotid Artery 
Back Pressure* 





Internal Carotid Artery 
Back Pressure, mm Hg 






















87/70 108/80 
2 48/40 60/48 
3 52/43 72/58 
4 58/40 74/56 
5 47/40 68/50 
6 88/82 92/78 
7 82/74 92/80 
8 48/44 52/48 


* Average values obtained over 30- 
second interval. 


identified preoperatively by negative 
Doppler ophthalmic test results, de- 
spite lesions of high-grade stenosis 
(Fig 5). 


Comment 


The Doppler ophthalmic test, which 
measures the collateral pathway be- 
tween the external carotid and inter- 


nal carotid arteries by way of the 
superficial temporal artery to the oph- 
thalmic artery, has been widely eval- 
uated and its reliability assessed.*'*"* 
When the test results are negative, 
maintenance of the internal carotid 
artery circulatory integrity, in the 
presence of a hemodynamically sig- 
nificant lesion, depends on collateral 
pathways other than the homolateral 
external carotid artery, eg, the verte- 
bral arteries and contralateral inter- 
nal carotid artery through the circle 
of Willis. Negative Doppler ophthal- 
mic test results in the presence of in- 
ternal carotid artery stenosis suggest 
that restoration of flow via the homo- 
lateral external carotid artery is min- 
imal. 

Although external carotid artery 
collateral vessels have been demon- 
strated in the presence of internal ca- 
rotid occlusive disease, the eontribu- 
tion of these collateral channels to 
total cerebral circulation has eluded 
noninvasive investigative efforts. The 
functional contribution of these col- 
laterals has remained relatively ob- 
scure despite substantiation of the 
anatomic pathways. Operative assess- 
ment, as conducted in this study, sug- 
gests that the external carotid col- 
lateral circulation may have great 
importance in the maintenance of to- 
tal cerebral blood flow and arterial 
pressure in the presence of internal 
carotid occlusive disease. These obser- 
vations have value both in assessment 
and diagnosis of internal carotid ar- 
tery occlusion and further suggest 
the usefulness of maintaining exter- 
nal carotid artery perfusion during 
carotid endarterectomy. The ischemic 
effects of common carotid occlusion 
during endarterectomy of a severely 
stenotic internal carotid artery (63% 
of diameter)** may be the result of in- 
terference with the crucial external 
carotid collateral flow rather than 
diminution of the already compro- 
mised internal carotid artery flow. 

The results of this study have been 
applied to the problem of shunting 
during carotid endarterectomy. In an 
asymptomatic patient with a he- 
modynamically significant lesion of 
the internal carotid artery or in the 
patient with several transient is- 
chemic attacks without residual neu- 
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rologic deficit, flawless operative 
technique is essential since treatment 
is crucial to the reduction of morbid- 
ity and mortality from stroke. The 
tolerance for complications is slim 
when one is operating prophylacti- 
cally on an asymptomatic patient. 
The possibly disastrous complication 
of intraoperative or perioperative 
stroke has barred the successful appli- 
cation of this operation to many ap- 
propriate candidates. 

Crucial to the success of carotid 
endarterectomy are preservation of 
cerebral circulation and prevention of 
effects of operative ischemia and em- 
bolization. Although an indwelling 
carotid shunt has unquestionable effi- 
cacy, its routine use entails sufficient 
technical difficulties to sustain contin- 
ued controversy. The most serious 
technical limitations imposed by the 
indwelling internal carotid artery 
shunt are control of the distal intimal 
flap, avoidance of embolization, and 
proper closure of a small internal ca- 
rotid artery that has been incised to 
facilitate accurate placement of the 
shunt. These problems are aggra- 
vated when the atherosclerotic lesion 
extends distal to the internal carotid 
artery rather than being confined ex- 
clusively to its orifice. Objections have 
been raised, as well, to utilizing back 
pressure measurements as a basis for 
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determining necessity of an indwell- 
ing shunt. Although the back pres- 
sure may be adequate when measured 
initially, central pressure may vary 
during the course of carotid endar- 
terectomy at a time when alteration 
of the operative procedure is not fea- 
sible. We have recently encountered 
this situation in four patients in 
whom a common carotid to external 
carotid artery shunt was utilized to 
maintain cerebral protection (Fig 6). 
All have undergone successful carotid 
reconstruction with resolution of 
symptoms and no residual neurologic 
deficit. One patient was found to have 
a temporary focal neurologic defi- 
ciency in the contralateral hand that 
resolved completely. Her transient 
deficit was believed to be a reflection 
of embolization rather than ischemia 
resulting from total hemispheric 
hypoperfusion. Further evaluation of 
the external carotid shunt, as em- 
ployed in this study, should corrobo- 
rate our findings and provide another 
avenue of cerebral protection during 
internal carotid endarterectomy. 
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The Placement of Vena Cava 
Umbrella Filters 


The Value of Phlebography 


Douglas McConnell, MD; Donald Mulder, MD; 


Gerald Buckberg, MD, Los Angeles 


Vena cava umbrella filters, employed to 
treat pulmonary embolism, are usually posi- 
tiened at the level of the inferior pole of the 
right kidney as determined from intravenous 
pyelography (IVP). 

Using inferior cavogrephy to define caval 
anatomy, we found anomalies in two of ten 
patients (single left imferior vena cava, 
double inferior vena cava). One patient, in 
whom an umbrella was previously placed at 
the level of the inferior pole of the right kid- 
ney, developed recurrent pulmonary emboli 
from the cul-de-sac between the occluded 
umbrella and the right renal vein; a second 
umbrella was placed. Im another patient, 
postplacement vena cavography dentified 
umbrella obstruction of tre right renal vein; 
repositioning with a second umbrella was 
successful. 

Combined vena cavography and umbrella 
placement allows (1) visualization of inferior 
vena cava, including anomalies; (2) precise 
placement of umbrella filter; (3) occasional 
detection of source of emboli; and (4) confir- 
mation of diagnosis of pulmonary embolus. 


he Mobin-Uddin inferior vena 

cava filter is used to prevent re- 
current pulmonary 2mbolism. The 
risks of general anesthesia, lap- 
arotomy, and retroperitoneal dis- 
section in seriously ill patients are 
avoided by its use“? The maximum 
safety and effectiveness of this device 
can be achieved only by properly plac- 
ing the filter in the inferior vena cava 
so as not to impede renal venous flow. 
It has been suggested that these ob- 
jectives can be accomplished by plac- 
ing the umbrella filter at the L3-L4 
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level, or at the lower pole of the right 
kidney under fluoroscopic control 
alone. Our experience indicates that 
the dual role of preventing emboli 
and avoiding renal venous obstruc- 
tion can be accomplished only with a 
precise definition of inferior vena 
cava anatomy. 

In this article we present our rea- 
sons for requiring definition of infe- 
rior vena cava anatomy prior to 
inserting the umbrella filter. We 
will show how angiograms performed 
through the catheter used for phlebog- 
raphy can provide valuable informa- 
tion (1) confirming the diagnosis of 
pulmonary embolism, (2) demonstrat- 
ing the source of emboli, and (3) as- 
suring accurate placement of the in- 
travascular device preventing them. 


Report of Cases 


Case 1.—A 54-year-old man developed 
recurrent pulmonary emboli three weeks 
after repair of acute dissecting aneurysm 
of the ascending aorta. An inferior vena 
eavogram obtained before placing the fil- 
ter showed a left inferior vena cava cross- 
ing to the right at the level of the renal 
veins. There was no right inferior vena 
cava, but a large right lumbar vein was 
present. The capsule containing the um- 
brella entered the right lumbar vein and 
could be advanced to the lower pole of the 
right kidney without difficulty. The filter 
would have been extruded from its capsule 
and opened at this level had the phlebo- 
gram not been obtained. If we had done 
this, subsequent emboli would not have 
been prevented and possible retroperito- 
neal hemorrhage may have occurred. After 
defining the caval anatomy, the capsule 
was removed and the guidewire bent. 
Using this technique, we were able to di- 
rect the capsule into the proper position in 
the left inferior vena cava and fix the um- 
brella at the desired level (Fig 1). 

CasE 2.—A 61-year-old man developed 





Fig 1.—Cavogram obtained following fix- 
ation of filter in left inferior vena cava (ar- 
row). Note course of right lumbar vein, into 
which capsule entered easily. 





Fig 2.—Pulmonary angiogram in case 2. 
Note extensive embolic obstruction of both 
left and right pulmonary arteries (arrows). 
Catheter used to perform this angiogram 
was advanced from a left femoral vein. 


large bilateral pulmonary emboli following 
radical cystectomy (Fig 2). Unfortunately, 
a phlebogram was not performed at the 
time of pulmonary angiography. The deci- 
sion to insert the umbrella filter was de- 
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Fig 3.—Flat abdominal x-ray film after 
emergency insertion of umbrella under fluo- 
roscopic control at L3-L4 level (lower pole of 
right kidney) (arrow). 


layed 12 hours following angiography. 
While preparing to perform phlebography 
prior to umbrella placement, the patient 
became hypotensive. A caval filter was 
rapidly passed into the inferior vena cava 
and fixed at the level of the lower pole of 
the right kidney using fluoroscopic control 
alone (Fig 3). The patient was then taken 
to the operating room where he underwent 
successful pulmonary embolectomy. 

Three weeks following discharge, he was 
readmitted with recurrent pulmonary em- 
boli. A femoral phlebogram showed large 
thrombi in both iliac veins, as well as a per- 
sistent left inferior vena cava and a nor- 
mal right inferior vena cava. A vena cav- 
ogram performed from the jugular vein 
showed that thrombus was also present in 
the cul-de-sac between the previously 
placed umbrella filter in the right inferior 
vena cava and the right renal vein (Fig 4). 
We inserted two additional umbrella fil- 
ters, one below the right renal vein and an- 
other into the left inferior vena cava with 
the technique described in case 1. He has 
had no subsequent emboli one year later 
(Fig 5). 

CASE 3.—A 59-year-old man developed 
pulmonary emboli following right iliofemo- 
ral phlebitis. The cavogram showed the re- 
nal veins emptying into the inferior vena 
cava at the lower border of the first lumbar 
vertebra (Fig 6, left). A caval filter was 
then advanced into the venous system and 
released slightly below the level of the 
right renal vein. The cavogram obtained 
after umbrella insertion showed the filter 
to obstruct the right renal vein and par- 
tially block the left renal vein (Fig 6, left). 
A second filter was placed in the capsule 
and advanced down the inferior vena cava. 
This was used to dislodge the first um- 
brella filter and displace it inferiorly to a 
more satisfactory position in the inferior 
vena cava. The second filter was dis- 
charged from its capsule and impacted at 
the desired position. The patient has not 
had subsequent pulmonary emboli (Fig 6, 
right). 
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Fig 4.—Left, Right inferior cavogram in patient 2 obtained through jugular vein catheter. 
Note previously placed umbrella at L3-L4 level (lower arrow) and clot in cul-de-sac between 
umbrella filter and right renal vein (upper arrows). Right, Inferior vena cavogram obtained 
from percutaneous left femoral vein catheterization. Note extensive clot formation in lower 
cava and right femoral vein and persistent left inferior vena cava (arrows). (This patient had 
two inferior venae cavae.) 


Comment 


While use of the Mobin-Uddin um- 
brella filter eliminates the immediate 
risks of anesthesia, retroperitoneal 
dissection, and fluid sequestration, re- 
cent reports indicate a significant in- 
cidence of inferior-vena caval throm- 
bosis following umbrella placement,’ 
despite treatment with antico- 
agulents. As chronic postphlebitic 
syndrome may be a disabling compli- 
cation of inferior vena caval inter- 
ruption, we think it essential that the 
diagnosis of pulmonary embolism be 
confirmed by angiography prior to 
caval interruption by the filter. 

Radiologists at our institution per- 
form pulmonary angiography percu- 
taneously through the left femoral 
vein. The theoretical disadvantages 
of dislodging thrombi in the iliac and 
femoral venous system has not been a 
practical problem.’ If there is clinical 
evidence of iliofemoral thrombophle- 
bitis, the pulmonary angiogram can 
be performed through the right jugu- 
lar vein. Prior to injecting contrast 
material, we record right ventricular 
and pulmonary artery pressures to 
assess the effects of the pulmonary 
embolism on right ventricular per- 
formance. If significant pulmonary 
hypertension is encountered, we 
avoid injecting into the main pul- 
monary artery and do selective an- 


giography to minimize the risks of 
injecting contrast material during 
pulmonary hypertension.’ Our experi- 
ence, as detailed in this article, has 
led us to perform routine inferior 
vena cavography whenever pulmo- 
nary angiography is obtained for sus- 
pected pulmonary embolism, whether 
or not caval interruption is considered 
at that time. Had this routine been 
followed in case 3, the recurrent em- 
boli could have been avoided (Fig 
4). Although the cavogram can be 
performed rapidly in emergency situ- 
ations, prior knowledge of caval anat- 
omy allows more immediate caval in- 
terruption with the umbrella filter. 
The importance of defining caval 
anatomy prior to insertion of the fil- 
ter is evident in that major vena 
caval anomalies were encountered in 
two of the last ten patients receiving 
umbrella filters (cases 1 and 2). Had 
we followed the accepted criterion of 
placing the filter at the L3-L4 level, or 
at the inferior pole of the right kid- 
ney, we would have inserted it in a 
lumbar vein in one patient, and failed 
to appreciate the presence of a double 
inferior vena cava in another. We 
perform all cavograms and umbrella 
insertions at this institution in close 
association with our radiologists, who 
are familiar with the techniques of 
intravascular manipulations. These 
techniques were extremely useful in 
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Fig 5.—Top, Abdeminal x-ray films from 
patient 2 following placement af two addi- 
tiana! umbrella filters (arrows). Second filter 
was placed in right inferior ven cava above 
level of clot in cul-de-sac. In addition, third 
umbrella was manipulated inte persistent 
left inferior vena cava and impacted below 
left renal vein. Bottom, Angiogram taken 
following piacement of umbrela in anom- 
alaus left inferior vena cava. Now other um- 
brellas in persistent rigat vena cava (ar- 
rows). 


eases 1 and 2, as the capsule and 
guidewire were bent anc manipu- 
lated by the radiclog:st into the cor- 
reet position; this avoidec a direct 
surgical approach to the inferior vena 
cava with its inherent complications. 

We use the left femoral vein rou- 
tinely for inferior cavography in or- 
der to be certain that a pers:stent left 
inferior vena cava would, i? present, 
be seen. This anomalous vessel may 
escape detection if the right femoral 
vein is used to define caval anatomy. 
An added dividend of inferior vena 
eavography prior te filter insertion is 
the occasional deteeticn of the source 
of emboli if there is occult ilofemoral 
thrombosis (Fig 6). While tae emboli 
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Fig 6.—Left, Inferior vena cavogram taken after umbrella placement in patient 3. Note ex- 
tensive clot in right iliac vein (lower arrow) and filter obstructing right renal vein and par- 





tially obstructing left renal vein (upper arrow). Right, Following introduction of second filter 
and displacement of first distally, both filters were satisfactorily impacted to prevent emboli 
(arrows). Renal vein obstruction has been relieved. 


may originate in the pelvic veins, es- 
pecially in women, we believe that 
the initial treatment of seriously ill 
women with pulmonary embolism is 
caval interruption using the umbrella 
filter. Elective left ovarian vein liga- 
tion is then performed at a later date. 

The cavogram is valuable in assur- 
ing accurate placement of the device, 
as evidenced in case 3. We try to in- 
sert the filter just below the right 
renal vein, or below the wash-out 
shadow due to entry of blood from the 
left renal vein if the left kidney is 
lower than the right. Expansion of 
the device at this level will avoid the 
potential of clot formation in the cul- 
de-sac created between the umbrella 
and the renal vein (case 2).° After ex- 
truding the device from its capsule, 
but prior to unscrewing the stylet, we 
obtain a flat x-ray film of the abdo- 
men and compare the position of the 
umbrella with the caval anatomy pre- 
viously defined by cavography. If the 
umbrella is in the correct position, we 
unscrew the stylet and remove the 
capsule. If, however, the device has 
been placed too far cephalad, it can be 
advanced caudally and impacted at a 
lower position (Fig 6). Use of the ab- 
dominal x-ray film has avoided the 
need to perform a second cavogram. 
We also obtain a flat abdominal x-ray 
film prior to closing the phlebotomy 
and on the first postoperative day. If 


upward migration has occurred, the 
phlebotomy can be reopened and the 
umbrella displaced distally by the 
capsule and a second umbrella in- 
serted (case 3). 

Our experience indicates that com- 
bining pulmonary angiography with 
phlebography is useful in the safe and 
rapid diagnosis and treatment of pul- 
monary embolism. This combined ap- 
proach is valuable because it (1) 
allows confirmation of the diagnosis, 
(2) sometimes demonstrates the source 
of emboli, (3) defines caval anatomy, 
and (4) assures correct placement of 
the umbrella filter. 


This investigation was supported by the Frank 
W. Clark, Jr., Charities. 
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Sudden Complete Thrombosis 


of Aortic and Iliac Aneurysms 


John M. Johnson, MD; Max R. Gaspar, MD; Herbert J. Movius, MD; 


John J. Rosental, MD, Long Beach, Calif 


In a consecutive series of 275 surgically 
treated abdominal aortic aneurysms, seven 
patients with acute thrombotic occlusion of 
an abdominal aortic or iliac aneurysm were 
encountered. Ten additional cases have been 
reported in the medical literature. The major- 
ity of the aneurysms were 7 cm in diameter 
or smaller. Some patients had complained of 
claudication before the acute event. An 
acute low-flow state superimposed on a 
stenotic atherosclerotic distal vascular bed is 
probably the main factor responsible for 
acute thrombosis within an abdominal aneu- 
rysm. The high mortality of 53% is similar to 
that of ruptured abdominal aortic aneu- 
rysms. The recommendation is made that all 
small abdominal aortic aneurysms be re- 
sected if there is substantial associated dis- 
tal occlusive disease. 


f allowed to remain in situ suf- 
ficiently long, aneurysms of the 
abdominal aorta characteristically 
enlarge and eventually rupture, ei- 
ther into the retroperitoneal tissue or 
the intraperitoneal space, and occa- 
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sionally into the gastrointestinal 
tract or inferior vena cava. In con- 
trast, femoral and popliteal aneu- 
rysms tend to thrombose. It is dis- 
tinctly uncommon for an abdominal 
aortic aneurysm to behave like a pe- 
ripheral aneurysm by exhibiting 
symptoms and signs of sudden acute 
complete thrombosis. Among a con- 
secutive series of 275 abdominal aor- 
tic aneurysm resections, the authors 
have encountered seven patients who 
suffered acute thrombotic occlusion. 
These seven, and ten other cases re- 
ported in the medical literature, con- 
stitute the basis for this report. 


Report of Cases 


CASE 1.—A 68-year-old man had made an 
excellent recovery from a stroke sustained 
several years previously. A subsequent 
cerebrovascular accident occurred, requir- 
ing hospital admission. Twenty-four hours 
later he developed cold, pulseless lower ex- 
tremities. There was mottling of the skin 
from the level of the umbilicus to the toes, 
and moderate muscle rigidity of the legs. 
At operation there was no bleeding from 
the subcutaneous tissues. There was an an- 
eurysm 8 cm in diameter that was com- 
pletely occluded by fresh thrombus super- 
imposed on old laminated thrombus. The 
thrombus extended from the level of the 
renal arteries to the superficial femoral 
and profunda femoris arteries. There was 
severe atherosclerotic narrowing of the 
iliac and femoral arteries. A Dacron bifur- 


cation graft was inserted from just below 
the renal arteries to the distal parts of the 
common iliac arteries, and thromboend- 
arterectomy of the external iliac and com- 
mon femoral arteries was performed. The 
perfusion of the extremities remained sat- 
isfactory, but the patient died on the sec- 
ond postoperative day from progressive 
central nervous system deterioration and 
renal failure. 

CASE 2.—A 58-year-old woman, 36 hours 
prior to admission, experienced a. sudden 
onset of severe pain in the right lower ex- 
tremity and later pain in the left lower ex- 
tremity and lower part of the abdomen. 
Ten years previously, ischemia of the left 
lower extremity had been treated with left 
lumbar sympathectomy and a prosthetic 
iliac artery graft, but several years later 
the patient developed recurrent claudica- 
tion in the left lower extremity. At the 
time of the present admission the extrem- 
ities were cold, pale, and paralyzed, and 
cyanosis was observed to the level of the 
umbilicus. There was a large, faintly pul- 
satile left lower quadrant mass with no 
pulsations in the femoral arteries. At oper- 
ation there was no bleeding from the sub- 
cutaneous tissues below the level of the 
umbilicus. There was a 14cm atheroscle- 
rotic abdominal aortic aneurysm extend- 
ing from the renal arteries into the left 
common iliac artery. The aneurysm was 
occluded by fresh thrombus superimposed 
on old laminated clot. The distal portion of 
each common iliac artery was essentially 
normal in size, although severely athero- 
sclerotic and occluded. A brown cloth pros- 
thetic graft (probably one of the early Tef- 
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lon grafts) was found extending from the 
apex of the left common iliac aneurysm to 
a small thrombosed external iliac artery. 
There was bilateral ecmplete thrombotic 
occlusion ef the external iliac anc common 
femoral erteries. A Dacron bifurcation 
graft was used for replacement cf the an- 
eurysm, and the operation was completed 
by bilateral iliofemoral thromboandarter- 
ectomy. Satisfactory blood flow was re- 
stored to the lower extremities, but she 
died 27 heurs following surgery. Autopsy 
disclosed myocardial in=arction. 

Case Z-A 47-year-old woman was 
brought to the hospital emergency room 
following an automobie accident. While 
she was being observec for cħesz and ab- 
- dominal injuries, there was a progressive 

loss of femoral and pedal pulses and rapid 
development of lower extremity para- 
plegia and anesthesia. Cyanosis tc the level 
of the umbilicus was noted. A preoperative 
diagnosis of abdominal aortic rupture was 
made. At operation there was minimal 
bleeding from the subcutaneous tissue be- 
low the level of the umbilicus. There was 
retroperiteneal hemorrhage due to trau- 
matic rupture of a sma abdominal aortic 
aneurysm. The infrarenal aorta was oc- 
cluded by resh thrombus superimposed on 
old gelatinous thrombus that filled the an- 
eurysm. Æ Dacron biftrcation graft was 
used to replace the aneuvysm, and flow was 
restored to the lower 2xtremities. After 
surgery the patient developed severe car- 
diac arrhythmia and irreversible cardiac 
arrest. Autopsy disclosed cardiac eontusion 
and severe coronary atherosclerosis. 

CASE 4.—A 67-year-old woman was ad- 
mitted to the hospital »ecause of sudden 
paralysis and numbness of both lower ex- 
tremities. She had experienced inter- 
mittent claudication of both legs and the 
right hip “or eight morths. On admission 
the lower extremities were cold, pale, para- 
lyzed, arefiexic, and pulseless. There was a 
pulsatile abdominal aortic aneurysm. Be- 
cause of a mass on the right side of the 
chest noted on a roentgenogram, and be- 
cause of improvement ir the lower extrem- 
ity ischemia, operation was delayed. An 
aortogram showed occlusion of the aorta 
just below the renal arteries, and a myelo- 
gram was within normal limits. At oper- 
ation, thre2 days after admission, an aneu- 
rysm 6 cr in diameter was found in the 
abdominal aorta. The abdominal aorta be- 
low the renal arteries was ecchided by 
fresh thrembus that extended distally 
through the common iliac and hypogastric 
arteries. There was advanced atheroscle- 
rosis distal to the common iliac bifurca- 
tions. The aneurysm was replaced with a 
‘bifurcation Dacron graft and anastomosis 

performed to the common femoral ar- 
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teries. The hypogastric arteries were 
anastomosed to the side of the graft in an 
effort to improve collateral flow to the spi- 
nal cord. Bronchoscopy disclosed an adeno- 
carcinoma of the right lung. The patient 
recovered only to die five weeks following 
surgery from progressive metastatic dis- 
ease. AGs P i 

Case 5.—A 59-year-old man was awak- 
ened because of sudden severe pain in both 
thighs accompanied by complete paralysis 
of both lower extremities. There had been 
a history of thigh claudication, and the pa- 
tient had recently been told by a physician 
that he had “a large blood vessel” in his 
abdomen. On examination there was an 
abdominal aortic aneurysm and no pal- 
pable pulses distally. The lower extremi- 
ties were paralyzed, hypoesthetic, pale, 
and cool below the knees. At operation 
there was a 7-cm abdominal aortic aneu- 
rysm that was occluded by fresh thrombus 
superimposed on old organized thrombus. 
The aneurysm was also found to be rup- 
tured posteriorly, producing a small re- 
troperitoneal hematoma. A Dacron graft 
was used to replace the aneurysm, and 
thromboendarterectomy of the common 
iliac arteries was necessary because of se- 
vere atherosclerotic occlusive disease. The 
postoperative course was marked by acute 
renal failure, which responded to hemodi- 
alysis. The patient eventually made a com- 
plete recovery. | 

Case 6.—An 80-year-old man was ad- 
mitted to the hospital with symptoms and 
signs of an acute abdomen. Acute appendi- 
citis or sigmoid diverticulitis was consid- 
ered. The surgeon noted mottling from the 
waist down just prior to operation. At op- 
eration he found a large retroperitoneal 
hematoma, but was unable to find the 
source of bleeding. The abdomen was 
closed after evacuation and drainage of 
the hematoma. One of us (J.J.R.) was 
called in consultation. The lower extremi- 
ties were paralyzed, cold, rigid, and mot- 
tled to the level of the umbilicus. At reop- 
eration the abdominal aorta was severely 
atherosclerotic and occluded by fresh 
thrombus extending into the femoral ar- 
teries. A 6-cm ruptured right hypogastric 
aneurysm, which had been the source of 
bleeding, was found to be thrombosed. The 
aneurysm was ligated, and a Dacron bifur- 
cation graft was inserted from the aorta to 
both common femoral arteries. Good fem- 
oral and popliteal pulses were restored, but 
the patient died 24 hours later from pro- 
gressive cardiopulmonary and renal fail- 
ure. 

CASE 7.-A 61-year-old woman was ad- 
mitted to the hospital with severe pain in 
the right hip and leg of 24 hours’ duration. 
She gave a one-year history of inter- 


mittent claudication of the left hip and leg. 
On examination the right lower extremity 
was cold and mottled from the groin dis- 
tally, and the foot was anesthetic. The left 
foot was cold, but not mottled er painful, 
and had adequate capillary filling. No 
pulses were present below a barely pal- 
pable aorta high in the epigastrium, and no 
aneurysm was palpable. At operation a 7- 
cm aneurysm of the aorta was thrombosed 
from the renal arteries to the bifurcation 
of the left common iliac artery. A Dacron 
bifurcation graft was inserted into the ex- 
ternal iliac artery on the left and the com- 
mon femoral artery on the right. A right 
anterior compartment syndrome developed 
during the first 12 hours, and fasciotomy 
was performed. Recovery was satisfac- 
tory. 
Comment 


The first case report of complete 
thrombosis of an aneurysm of the ab- 
dominal aorta was by Janetta and 
Roberts? in 1961. However, Shumac- 
ker? in 1959, reporting a series of 134 
surgically treated cases of aortic an- 
eurysm, mentions briefly one case of 
acute thrombosis. Seidenburg et al’ 
reported one case of thrombosis, and 
later Perdue* reported three cases. 
Since 1963 no reports have dealt spe- 
cifically with acute thrombosis of ab- 
dominal aortic aneurysms, although 
several writers** have briefly men- 
tioned the occurrence of such a phe- 
nomenon. Our seven cases, plus the 
ten from the literature, bring the to- 
tal reported cases to 17. 

Thirteen of the patients were men. 
All of the aneurysms were in the ab- 
dominal aorta, except for one left 
iliac aneurysm and one right hypo- 
gastric aneurysm. Aneurysm size was 
recorded in 12 patients, and it varied 
from 4 to 14 em in diameter, and an- 
other aneurysm was recorded as 
“small.” Nine were 7 cm or smaller. 
Perdue,’ in his report of three cases, 
emphasized that all of the aneurysms 
were small (5 cm). Six of our seven 
patients and six of those reported in 
the literature had severe atheroscle- 
rotic occlusive disease distal to the 
aneurysm, and in those patients ei- 
ther bypass grafts or thromboend- 
arterectomy was necessary. Four of 
our seven patients gave a history of 
preexisting lower-limb claudication. 
Fresh thrombus was present in all of 
our cases and was described in half of 
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the reported cases. Patients with an- 
eurysms tend to have large arteries, 
but in these cases it appears that the 
combination of a small aneurysm and 
severe occlusive disease may lead to 
acute thrombosis of the aneurysm. 

In four of our patients and in six of 
the reported cases, mottling was 
noted to the level of the iliac crest or 
the umbilicus. In three of our patients 
there was no bleeding from the skin 
incision or subcutaneous tissues below 
the umbilicus. All of our patients had 
symptoms and findings of severe is- 
chemia of the lower extremities, such 
as severe pain, paresthesia, pallor, 
and absent pulses. Pulses were absent 
also in all of the reported cases. Four 
of our patients had paralysis of the 
lower extremities, and it was noted in 
six of the reported cases. Paralysis 
may be due to the anterior spinal ar- 
tery syndrome associated with lum- 
bar artery occlusion and low-flow 
state.” 

Nine of the 17 patients died within 
48 hours, for a surgical mortality of 
53%. Irreversible shock, myocardial 
infarction, or cerebrovascular acci- 
dent were the causes of death. One 
additional patient died from meta- 
static bronchogenic carcinoma five 
weeks after surgery. Renal failure in 
the form of anuria or severe oliguria 
was seen in most of the patients who 
died. Myoglobin released from se- 
verely ischemic muscle probably plays 
an important part in developing renal 
tubular dysfunction. Serum and urine 
myoglobin levels were measured in 
one of our patients and were found to 
be markedly increased. Progressive 
uremia developed in one of our pa- 
tients but was successfully treated 
with hemodialysis. 

There are probably several factors 
that can play a role in the thrombosis 
of an aneurysm. A sudden shift in po- 
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sition of the mural thrombus may oc- 
clude the outlet of the aneurysm and 
obstruct blood flow.? In two of our 
seven patients, thrombosis was asso- 
ciated with rupture of the aortic an- 
eurysm. The rupture and thrombosis 
was spontaneous in one patient who 
also had stenotic atherosclerosis be- 
low the aneurysm; the other patient, 
with a small aortic aneurysm and 
little atherosclerosis, had received ab- 
dominal trauma in an automobile ac- 
cident. 

Fragments of the mural thrombus 
within the aneurysm may embolize 
distally and lead to retrograde throm- 
bosis,‘ but this is an unusual circum- 
stance. Fever, trauma, infection, 
stress, malignant neoplasms, and de- 
hydration predispose to a hyper- 
coagulable state,* and in these cir- 
cumstances thrombosis may occur if 
blood flow has been reduced by arte- 
riosclerotic occlusive disease. Severe 
atherosclerosis of the iliac or femoral 
arteries was present in six of our 
seven patients. Hypotension from 
hemorrhage or an acute cardiac prob- 
lem can also initiate thrombosis, as 
seen in the patient who was hypoten- 
sive from a ruptured hypogastric ar- 
tery aneurysm and who subsequently 
developed thrombosis of the aneu- 
rysm as well as of his severely stenot- 
ic aorta and iliac arteries. 

Acute thrombosis of abdominal aor- 
tic aneurysms is a catastrophic event 
and a major surgical emergency. The 
diagnosis of acute distal aortic occlu- 
sion is not difficult. It is characterized 
by severe pain, coldness and pallor of 
the lower extremities, and mottling 
from the umbilicus distally. Femoral 
pulses are not palpable. Paralysis and 
disassociated sensory loss below the 
level of occlusion may sometimes be 
seen.” However, thrombosis of an ab- 
dominal aneurysm may not be sus- 
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pected because of the frequent small 
size of the aneurysm and the possi- 
bility of embolic occlusion of the dis- 
tal part of the aorta in patients with 
myocardial disease. 

The essential factor in the manage- 
ment of these critically ill patients is 
prompt and appropriate surgery. It 
may be difficult to recommend sur- 
gery in a patient in such a critical 
state or when the patient is suffering 
from substantial associated cardiac, 
renal, or pulmonary disease. How- 
ever, nonoperative therapy results in 
death or at least the loss of an ex- 
tremity. Anticoagulant therapy in 
the form of heparin sodium should be 
started immediately to maintain pa- 
tency of the smaller vessels distal to 
the occlusion. The extremity should 
be protected and placed in the depen- 
dent position to facilitate an already 
diminished blood flow. Often these 
patients arrive in shock, and prompt 
measures for resuscitation should be 
instituted. Preoperative aortography 
is not routinely performed, but may 
be extremely helpful when renal ar- 
tery occlusion is also suspected. 

When operating on a patient with a 
thrombosed aortic aneurysm, the sur- 
geon must be prepared to undertake 
an extensive procedure. Not only does 
the aneurysm have to be replaced 
with a synthetic graft, but also the 
problem of associated arteriosclerotic 
occlusive disease has to be managed 
by thromboendarterectomy or bypass 
grafting, frequently to the common 
femoral arteries. 

We believe that the combination of 
abdominal aortic aneurysm and distal 
occlusive atherosclerotic disease has 
an increased threat of thrombosis 
during a low-flow state, and we there- 
fore recommend that even small an- 
eurysms be resected if there is con- 
comitant occlusive atherosclerosis. 
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Massive Pulmonary Hemorrhagic Infarction 


Following Revascularization of Ischemic Lungs 


Spencer Brown, MD: Donald Mulder, MD; Gerald Buckberg, MD, Los Angeles 


While revascularizaton of acutely is- 
chemic regions of the brain may result in 
hemorrhagic infarction, this is nct a recog- 
nized hazard of pulmonery revescularization. 
Three patients recently entered the UCLA 
Medical Center with severe pulmonary is- 
chemia (obstructed tricuspid valve pros- 
thesis, obstructed atrial baffle following 
repair of transposition of the great ves- 
sels, massive pulmonary embolism) and died 
from massive tracheobronchia hemorrhage 
following successful surgical restoration of 
pulmonary blood fiow. In each patient, se- 
vere pulmonary edema developed while left 
atrial pressure was below normal, indicating 
loss of lung capillary integrity. There was an 
inverse relationship between the duration of 
preexisting ischemia ard the onset of ra- 
pidity of developing hemorrhagic infarction 
following restoration of normal pulmonary 
blood flow. This observation suggests that 
the lung capillary wall may be at least par- 
tially protected by collateral cireulation when 
the ischemia develops s owly. Awareness of 
this potentially lethal complication may al- 
low for earlier and more appropriate man- 
agement. 


ines. hemorrhagic infarction 
of the brain is a knewn hazard 
of revascularization procecures in pa- 
tients with cerebral ischemia,’ it is 
not a well-recognized complication of 
pulmonary revaseularizatien. Hemor- 
rhagic infarction does not asually fol- 
low ischemia of the normal lung, be- 
cause bronchial colleteral circulation 
and diffusion of exygen from venti- 
lated alveoli usually maintain the 
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integrity of the pulmonary paren- 
chyma. We have, however, recently 
encountered three patients with se- 
vere pulmonary ischemia who died af- 
ter developing massive hemorrhagic 
infarction of the lung following suc- 
cessful operative restoration of pul- 
monary blood flow. 


Report of Cases 


CASE 1.—A 64-year-old white woman un- 
derwent abdominoperineal resection for 
carcinoma of the colon one month before 
admission. A left pulmonary embolism oc- 
curred in the early postoperative period, 
and she was treated with anticoagulants. 
The patient was transferred to the UCLA 
Medical Center immediately after showing 
clinical signs of a right pulmonary embo- 
lism. She underwent immediate pulmonary 
angiography and a vena caval umbrella 
was inserted. During these procedures she 
became hypotensive and blood pressure 
could be maintained only with vasopressor 
drugs. Emergency pulmonary embolectomy 
was performed using cardiopulmonary by- 
pass, and extensive clots were removed 
from both pulmonary arteries. When by- 
pass was discontinued, the right atrial and 
pulmonary artery pressures rose precipi- 
tously and the anesthesiologist reported 
massive hemorrhage from the endotra- 
cheal tube. Left atrial pressure remained 
below 5 mm Hg. Repeated attempts to 
withdraw bypass support were unsuccess- 
ful, and the patient died in the operating 
room. At autopsy, hemorrhagic infarction 
of both lungs was seen (Fig 1). These 
changes were most severe on the right 
side. No major emboli remained. 

CaSE 2.—A 24-year-old white girl was 
admitted six months after transposition of 
the great vessels with placement of an in- 
tra-atrial baffle fashioned from Dacron. 
During the month before admission, she 
experienced progressive cyanosis and 
dyspnea. Cardiac catheterization was at- 
tempted but could not be completed be- 
cause the patient became apneic. At oper- 
ation, the previously placed baffle was 
stenotic at its midpoint and obliterated 
caval flow through the tricuspid valve. The 





Fig 1.—Section of lung of patient who 
died of massive tracheobronchial hemor- 
rhage after technically satisfactory pulmo- 
nary embolectomy. Note ischemic necrosis 
of alveolar septa and hemorrhage into al- 
veoli (hematoxylin-eosin, original magnifica- 
tion x 100). 


baffle was removed and replaced with one 
fashioned from pericardium, and a tra- 
cheostomy was performed. Postoperative- 
ly she developed progressive pulmonary 
edema and died 12 hours later from mas- 
sive tracheobronchial hemorrhage (Fig 2). 
At autopsy, both lungs were severely con- 
gested and hemorrhagic. The venae cavae 
and right atrium drained freely. 

Case 3.—A 21-year-old white woman 
with Ebstein anomaly underwent a tri- 
cuspid valve replacement with a Starr-Ed- 
wards prosthesis eight years previously. 
She was asymptomatic until three months 
before admission, when she discontinued 
anticoagulant medication and began tak- 
ing oral contraceptive drugs. During that 
interval she became progressively dysp- 
neic and cyanotic. Cardiac catheterization, 
performed when she was semimoribund, 
demonstrated almost complete occlusion of 
the prosthetic tricuspid valve (Fig 3). It 
was replaced with a Bjork-Shiley pros- 
thesis and a tracheostomy was performed. 
The anesthesiologist reported pulmonary 
edema when cardiopulmonary bypass was 
discontinued. At that time left atrial pres- 
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Fig 2.—View of chest immediately after re- 
placement of obstructed intra-atrial baffle. 
Systemic atrial pressure 6 mm Hg; patient 
in severe pulmonary edema. Note extensive 
bilateral pulmonary congestion; hemor- 
rhage followed in 12 hours. 
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Fig 3.—Tricuspid valve removed from pa- 
tient three months after discontinuation of 
anticoagulation and ingestion of oral con- 
traceptives. Note extensive clot surrounding 
valve struts and impeding motion of the sili- 
cone ball. Patient developed massive pulmo- 
nary edema immediately after valve was re- 
placed and bypass discontinued, despite left 
atrial pressure below 10 mm Hg. Tracheo- 
bronchial hemorrhage followed in 96 hours. 


sures were below 10 mm Hg. This edema 
was successfully treated with continuous 
positive pressure ventilation. Two days af- 
ter operation, she again developed pulmo- 
nary edema while left atrial pressures 
were low. Despite fluid restriction, digi- 
talis, diuretics, and continuous positive 
pressure ventilation, the edema progressed 
and arterial oxygen desaturation occurred 
despite 100% oxygen administration. She 
died four days postoperatively from mas- 
sive tracheobronchial hemorrhage. The 
most striking finding at autopsy was dif- 
fuse pulmonary hemorrhage and edema. 
The prosthetic valve was well seated and 
free of thrombus. No large pulmonary em- 
boli were found. 
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Pulmonary Hemorrhage Following Revascularization 


Ischemia 


Duration 
1 day 


Cause 


Pulmonary embolus 
Superior & inferior 
vena cava obstruction 
Tricuspid valve ob- 
struction 


1 mo 


3 mo 
Comment 


Hemorrhagic pulmonary infarction 
is a fatal, and fortunately rare, com- 
plication of pulmonary revasculariza- 
tion.** It undoubtedly results from 
damage to pulmonary capillaries 
when lung blood flow is deficient, so 
that an ischemic infarction becomes 
hemorrhagic when blood flow is rees- 
tablished. In normal lungs, the integ- 
rity of the pulmonary parenchyma is 
usually preserved by the nutrition 
provided through bronchial connec- 
tions with the pulmonary capillaries 
when the lung blood flow is reduced. 
This collateral nutrient bronchial 
flow may not maximally develop im- 
mediately,’ and its adequacy becomes 
modified if (1) coexistent pulmonary 
disease anatomically limits its devel- 
opment, or (2) right-to-left cardio- 
pulmonary shunts reduce its oxygen 
content. 

We observed an inverse relation- 
ship between the duration of the pre- 
existing ischemia and the onset of 
hemorrhagic infarction following re- 
vascularization. The patient with 
acute pulmonary embolism developed 
hemorrhagic infarction immediately 
after blood flow was reestablished as 
reported by Makey et al? and Couves 
et al.’ The extent of infarction was 
greater in the lung undergoing the 
most recent episode of embolization. 
The patient with gradual occlusion of 
the tricuspid prosthesis, however, at 
first developed pulmonary edema; 
hemorrhage occurring 96 hours later 
(Table). 

These observations suggest that 
the pulmonary capillaries are at least 
partially protected by collateral bron- 
chial circulation when lung ischemia 
develops slowly. Although both pa- 
tients developing this disastrous com- 
plication had normal lungs (anatomi- 
cally intact bronchial vessels) and 
slowly developing ischemia (favoring 


Hemorrhage 


Onset 
Immediate 


Initial Sign 
Hemorrhage 
12 hr Pulmonary edema 


96 hr Pulmonary edema 





collateral development), each was se- 
verely cyanotic so that the oxygen 
content of bronchial blood was de- 
ficient. 

Hemorrhagic infarction is not lim- 
ited to patients undergoing revascu- 
larization for pulmonary embolism, 
but can occur when flow is restored to 
acutely and chronically ischemic 
lungs from other causes, as was evi- 
dent from our patients (pulmonary 
flow was limited at the superior and 
inferior vena caval level when the 
atrial baffle was obstructed [Mus- 
tard procedure], and at the tricuspid 
valve when the prosthesis became 
occluded). Although we did not en- 
counter reports of this complication 
following pulmonary valvotomy in in- 
fants, we would not be surprised at 
its occurrence. Cardiopulmonary by- 
pass is not a prerequisite for this le- 
sion, as it has been reported to follow 
embolectomy where bypass was not 
employed.’ 

In view of the ominous outcome in 
all reported cases, including ours, we 
offer the following pre-, intra-, and 
postoperative suggestions that may 
assist in the approach to and subse- 
quent management of this problem. 

Decision to Operate.—While there is 
no controversy regarding the need 
for surgical restoration of pulmonary 
blood flow in patients with lung is- 
chemia originating at the caval, tri- 
cuspid, or pulmonary valve levels, the 
role of pulmonary embolectomy is 
controversial. Since occluded pulmo- 
nary arteries frequently recanalize 
shortly after embolic occlusion,’ we 
think it essential to reserve embolec- 
tomy for those patients whose im- 
paired right ventricular performance 
results in inadequate systemic perfu- 
sion, despite pharmacologic support. 
Any decision to proceed with revascu- 
larization must be made with full rec- 
ognition that fatal hemorrhagic in- 
farction may result. 
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Preoperative Facters.—Our analysis 
of the clinical course of our patients, 
as well as those reported previously, 
suggests that the nutritive state of 
the ischemic pulmonary capi_lary bed 
determines the events following re- 
vascularization. Restoration of flow to 
severely damaged capillaries may 
cause their immediate rupture and re- 
salt in massive hemorrhage, while 
pasma proteins may leak through 
less severely damaged capillaries and 
cause pulmonary edema at normal 
left-sided pressures before fatal hem- 
omrhage ensues. Preoperatively, at- 
tention should be d:rected at main- 
taining the integrity of pulmonary 
capillaries by insuring the adequacy 
of bronchial collaterals anc reduc- 
img the tendency toward pulmonary 
ecema. 

The patient should be given 100% 
oxygen te breathe in order to increase 
the oxygenation of bronchial collat- 
eral flow, as well as to maximize par- 
enchymal diffusion in nenperfused 
areas. Systemic hypotension should 
be treated actively with vasopressor 
drugs in order to improve bronchial 
flew and minimize eoronary under- 
perfusion; myocardial ischemia is as- 
soeiated with raised left-sided pres- 
sures and accentuates. capillary 
damage. If left ventricular failure is 
present it should be treated with digi- 
talis, diuretics, and phlebotomy, if 
necessary. Although plasma oncotic 
pressure should be supported, manni- 
tol should be avoided as this low mo- 
lecular weight colloid has beer shown 
to accentuate pulmonary edema by 
leakage into the interstitium when 
pumonary capillary damage is pres- 
ent.’ The role of stercids is uncertain 
as they may have the dual efect of 
stabilizing capillary membranes“ 
while possibly enhancing the risk of 
small vessel thrombosis and inter- 
fering with collateral flow.* 

Intraoperative Factors: 

E Left ventricular  discention 
should be avoided by venting the left 
ventricle. Postoperative left-sided is- 
chemic damage (resulting in raised 
pulmonary venous pressure) can be 
minimized by performing the embo- 
lectomy without ischemie cardiac ar- 
res:. If the left ventricle is vented, 
anc the atrial and ventricular septa 
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are intact, there is no need to use is- 
chemic arrest to remove clots from 
the pulmonary artery or replace the 
tricuspid valve. 

2. Avoid the use of crystalloid 
hemodilution, if possible, as pulmo- 
nary edema is accentuated and more 
difficult to control if salt-containing 
fluids leak into damaged lung inter- 
stitium. 

3. Avoid mannitol for the reasons 
indicated above. If a colloid osmotic 
agent is required, we suggest using 
dextran 70 (Macrodex) or salt-poor al- 
bumin. 

4, Availability of a bronchoscope 
and Carlen tube may be helpful. Pul- 
monary hemorrhage will most fre- 
quently follow pulmonary embolec- 
tomy, originate in the most recent 
area of ischemia, and occur only after 
pulmonary blood flow is reestablished 
and bypass is discontinued. Reinstitu- 
tion of cardiopulmonary bypass al- 
lows performance of unhurried bron- 
choscopy to determine if the 
hemorrhage can be localized to a 
single lung or lobe. The Carlen tube 
may permit isolation of the source of 
bleeding so that the contralateral 
lung will not be drowned. 

5. Lobectomy or pneumonectomy 
must be considered if the source of 
life-endangering hemorrhage is uni- 
lateral. Isolation of the pulmonary hi- 
lus, while the bronchial tree is iso- 
lated by the Carlen tube, will allow 
resection to be performed while car- 
diopulmonary bypass is discontinued 
and heparin sodium reversed. 

6. Left-sided filling pressures (left 
atrial pressure) should be monitored 
as bypass is discontinued. This will 
help assure low pulmonary venous 
pressure (minimizing edema forma- 
tion) as well as serve as a guide for 
postoperative fluid administration. In 
two of our patients, the anesthesiolo- 
gist reported pulmonary edema de- 
spite normal left-sided filling pres- 
sures. This observation should serve 
as warning to eventual pulmonary 
hemorrhage. 

Postoperative | Factors.—Systemic 
anticoagulation should be reversed 
completely. If pulmonary edema de- 
velops clinically or on roentgenogram, 
despite low left-sided filling pres- 
sures, then active early treatment of 


the anticipated respiratory distress 
syndrome should be instituted imme- 
diately. This would include tracheos- 
tomy, continued positive pressure 
ventilation, fluid restriction, diuret- 
ics, salt-poor albumin, and avoidance 
of oxygen toxicity. Strong consid- 
eration should be given to the use of 
membrane oxygenator (venous-arte- 
rial) in order to reduce pulmonary 
blood flow and pulmonary-arterial 
pressure, and insure systemic oxy- 
genation. 

In conclusion, hemorrhagic pulmo- 
nary infarction may be an unavoid- 
able complication of emergency lung 
revascularization. It may occur imme- 
diately, or be preceded by a period 
of pulmonary edema while left-sided 
filling pressures are low. Reeognition 
of the possible occurrence of this po- 
tentially lethal problem should enter 
into the decision regarding lung re- 
vascularization and influence the pre-, 
intra-, and postoperative manage- 
ment. Before operation, emphasis 
should be directed toward improving 
bronchial collateral flow and correct- 
ing hypoxia. During operation, left 
ventricular distention should be 
avoided and if hemorrhage oecurs, at- 
tempts to identify and isolate its 
source should be made. Aggressive 
early treatment of postoperative res- 
piratory distress syndrome is recom- 
mended. 


This investigation was supported by the 
James Y. Camp Fund. 
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Sclerosis of the 


Extrahepatic Bile Ducts 


James J. Peck, MD; William H. Kern, MD; 
William P. Mikkelsen, MD, Los Angeles 


This is a retrospective study of 13 patients 
with sclerosis of the common bile duct seen 
over a ten-year period at the Hospital of the 
Good Samaritan Medical Center. Histologic 
examination of the common bile duct in 
eight patients permitted a clear-cut diag- 
nosis of sclerosing carcinoma. In the remain- 
ing five patients, glandular atypia and scle- 
rosis were suggestive, but not diagnostic, of 
carcinoma. Three of these were eventually 
established as carcinoma at autopsy. The 
diagnosis in the last two patients, who are 
still alive, remains equivocal. This study em- 
phasizes the difficulty of separating benign 
from malignant disease of the common bile 
duct and suggests that the majority of pa- 
tients diagnosed as having primary scleros- 
ing cholangitis will eventually be proved to 
have carcinoma. It further identifies the pro- 
tracted course that some of these patients 
exhibit. 


he difficulty in differentiating 

benign from malignant thicken- 
ing, fibrosis, or sclerosis of the extra- 
hepatic bile ducts has been recognized 
by several authors.’'? A few have 
even suggested that so-called pri- 
mary sclerosing cholangitis as a be- 
nign disease does not exist.':"° They 
believe that if such patients were ob- 
served sufficiently long or perhaps if a 
more generous biopsy specimen were 
obtained initially, bile duct carcinoma 
would be identified. In contrast, oth- 
ers believe that primary sclerosing 
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cholangitis is not only a benign pro- 
cess but may be reversible or at least 
self-limiting.*°'*""* This study re- 
views our experience with this prob- 
lem. 


Materials 
LS 


During the ten-year span from 1963 to 
1973, 13 patients with extrahepatic bile 
duct fibrosis or sclerosis were seen at our 
hospital. These included only patients iden- 
tified as having primary sclerosing chol- 
angitis or well-differentiated adenocarci- 
noma. Patients classified as having poorly 
differentiated carcinoma, carcinoma of the 
pancreas or gallbladder, and cholangitis 
secondary to calculi or operative stricture 
were specifically excluded. 

The clinical, gross, and microscopical 
features of these 13 patients were re- 
viewed with special emphasis on details of 
differentiation of benign from malignant 
disease. 


Results 


Ten of the patients were women 
and three men. Age ranged from 26 
to 84 years, with a mean of 58 years. 
All were admitted with obstructive 
jaundice with elevated serum bili- 
rubin and alkaline phosphatase levels. 
Duration of symptoms ranged from 
one month to six years. Pruritus was 
present in nine. All had hepatomeg- 
aly, only one had fever, and none had 
eosinophilia. Associated chronic ul- 
cerative colitis or sclerosing retroper- 
itonitis was conspicuously absent. 
All were operated on. The operative 
reports invariably described diffuse or 
beaded rope-like thickening of the 
common bile duct. In some this ex- 
tended from the porta hepatis to the 
duodenal entrance. In others it was 
more localized, and distal segments of 
the common bile duct appeared nor- 
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Fig 1.—Sclerosing cholangitis. Wall is 
thickened and fibrosed; lumen is stenosed. 
Groups of glands are present in periductal 
fibrous connective “issues (hematoxylin- 
eosin, X 20). 





differentiated bile duct carcinoma (hema- 
toxylin-eosin, X 20). 


mal. In some the lumen of the com- 
mon bile duct was irregularly ste- 
nosed; in others a lumen could not be 
identified The gross operative find- 
ings did not permit differentiation 
between malignan: and benign dis- 
ease. A variety of operative proce- 
dures were carriec out. These con- 
sisted in common duct biopsy only, 
choledochoduodenostomy or jejunos- 
tomy, segmental cemmon duct exci- 
sion, or pancreaticoduodenectomy. 
Survival after operation in those pa- 
tients identified as having well-dif- 
ferentiated adenocarcinoma ranged 
frem three months to 3% years. The 
two patieats who are still tentatively 
carried as primary sclerosing chol- 
angitis heve had their disease for six 
and two years, respectively. These 
two are the only patients in this 
series whe are still alive. 

Histologic examination of the com- 
mon bile duct permitted a conclusive 
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Fig 3.—Atypical glandular structures in 
periductal fibrous connective tissue in scle- 
rosing cholangitis | (hematoxylin-eosin, 
x 250). 


diagnosis of well-differentiated bile 


duct carcinoma to be made in eight of 
these patients. In the remaining five, 
this was not possible. In two patients 
the presence of nodal metastases 
were necessary to permit this dis- 
tinction. In one patient the diagnosis 
remained indeterminate for three 
years until hepatic metastases devel- 
oped and malignant cells were re- 
covered from pleural fluid. The re- 
maining two patients still carry a 
diagnosis of primary sclerosing chol- 
angitis, although some pathologists 
are highly suspicious that the correct 
diagnosis in both is well-differ- 
entiated adenocarcinoma. 

This difficulty in histologic inter- 
pretation may be exemplified by Fig 
1 through 6. The marked fibrosis that 
exists in sclerosing cholangitis (Fig 1) 
is hardly different from that in carci- 
noma (Fig 2). The small nests of atyp- 
ical glandular structures in sclerosing 
cholangitis (Fig 3) can hardly be dif- 
ferentiated from those in carcinoma 
(Fig 4). Generally, the pattern of in- 
vasion (Fig 5 and 6), which usually re- 
quires a generous biopsy specimen, is 
more useful in identifying malignant 
neoplasms than the configuration of 
the glands and their cytologic appear- 
ance. 


Comment 


Sclerosing cholangitis has been de- 
scribed in the literature in a series of 
reports of small groups of cases***:"°-** 
and is generally accepted as a defi- 
nite pathologic entity. The diagnostic 
difficulties confronting the surgeon, 








Fig 4.—Well-differentiated sclerosing bile 
duct carcinoma with small glands in peri- 


ductal fibrous connective tissue (hematoxy- 
lin-eosin, X 250). 


as: well as the pathologist who re- 
ceives a small biopsy specimen, have 
been stressed. These difficulties are 
due to the diffuse nature of many bile 
duct carcinomas, which often does not 
allow detection of an exact point of 
origin”; the striking overgrowth of 
fibrous connective tissues in bile ducts 
as a reaction to any type of injury”; 
and the basic anatomy of the bile 
ducts. The bile duct mucosa contains 
tiny pits, the sacculi of Beale, many 
of which are surrounded by few 
mucous glands. Some of the glands 
are located within the wall of the duct 
and join the sacculi by short channels, 
but others are located within the out- 
ermost portion of the wall, in the 
loose outer coat of the ducts, where 
they are surrounded by concentric 
layers of connective tissue. What- 
ever etiologic factors may lead to the 
development of sclerosing cholan- 
gitis, the resulting fibrosis will en- 
trap some of the ductules and small 
mucous glands and may well lead to 
their distortion or, occasionally, pro- 
liferative changes. The presence of 
few distorted or atypical appearing 
glands within the abundant colla- 
genous stroma makes distinction 
from the often well-differentiated 
bile duct carcinoma difficult. This is 
particularly true since the latter 
often are also scirrhous. Groups of 
glands in clearly extraductal fibrous 
tissue may be observed in sclerosing 
cholangitis as well as in well-differ- 
entiated bile duct carcinoma. Inva- 
sion through the full thickness of the 
wall, particularly with a demon- 
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Fig 5,—Well-differentiated 


sclerosing 
adenocarcinoma of bile duct with infil- 
tration of wall extending from mucosal lin- 
ing (hematoxylin-eosin, x 125). 





Fig 6.—Inflammatory reaction and moder- 
ately atypical glandular proliferation in well- 
differentiated bile duct carcinoma (hema- 
toxylin-eosin, X 55). 
strable origin in the mucosa, is a more 
important diagnostic feature of bile 
duct carcinoma. This differentiation 
often may not be possible on the basis 
of a surgical biopsy specimen. In 
three of our patients, a definitive 
classification was possible only in 
view of demonstrated metastasis. 
While the morphologic features of our 
two patients with sclerosing cholan- 
gitis seem consistent, this diagnosis 
can be accepted as definitive only af- 
ter a longer follow-up. 

A transformation of atypical glan- 
dular changes associated with scleros- 
ing cholangitis to carcinoma has been 
suggested," but it is difficult to sub- 
stantiate. 

In spite of the evidence presented 
here and elsewhere that strongly sug- 
gests that primary sclerosing chol- 
angitis eventually manifests itself as 
a malignant disease, there must be 
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some cases that are and remain be- 
nign. One of our patients, who is not 
included in this article because of the 
lack of biopsy material, has continued 
to show clinical and biochemical im- 
provement since a portacaval shunt 
was performed in 1966 for bleeding 
varices. Others have documented 
spontaneous remission or prolonged 
survival with or without medical ther- 
apy in many patients.*+:%12-14 Pro- 
longed survival by itself, however, 
does not guarantee benignancy. Thus 
several patients with well-differen- 
tiated carcinoma have been recorded 
with survival from three to nine 
VEAS 3!>0:48,82,58 

The cause of primary sclerosing 
cholangitis remains unknown. It has 
been noted in conjunction with dis- 
eases possibly related to an autoim- 
mune mechanism such as chronic ulcer- 
ative colitis, retroperitoneal fibrosis, 
and Riedel strumaą.!1:13:16,24,27,28,34,35 
Other suggested mechanisms include 
a Swartzman reaction to bacterial 
toxins,” bacterial or viral periductal 
lymphatic extension, or intermittent 
portal bacteremia.*:*°'5%23 It has 
been recognized that the bile duct re- 
acts to many types of injury with ex- 
cessive outgrowth of fibrous connec- 
tive tissue.”*° It may be that primary 
sclerosing cholangitis represents a re- 
action to a heterogenous group of 
agents. 
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Resection of 75% to 90% of the pancreas 
is an important measure in the treatment of 
at least three different £-cell disorders that 
produce severe persistent hypoglycemia of 
infancy. The treatment is associated with 
low mortality and morbidity and should be 
undertaken early to obviate the not in- 
frequent occurrence of mental retardation. 

Of three infants described herein who un- 
derwent subtotal pancreatectomy for idio- 
pathic hypoglycemia, two maintained normal 
blood glucose levels postoperatively without 
further therapy. The third required cortisone 
administration for four years, after which 
the blood glucose level was maintained in 
normal range without therapy. The resected 
pancreas in two patients showed islet cell 
hyperplasia; in one of these, an unusual bud- 
ding of islet cells (nesidioblastosis) was 
found. In one patient, the resected pancreas 
was normal histologically. Two patients have 
no apparent brain damage, and one has mild 
retardation. 


ypoglycemia in infancy and early 
childhood may result from a va- 

riety of physiologic or pathologic 
conditions. Diagnosis of the most 
common type, transient neonatal 
hypoglycemia, is established on the 
basis of blood glucose measurements 
of less than 30 mg/100 ml in a full- 
term neonate in the first 72 hours of 
life and of less than 40 mg/100 ml 
thereafter. In the premature infant, 
blood glucose levels below 20 mg/100 
ml after three to four hours of fasting 
are considered to be abnormal. Symp- 


toms of hypoglycemia in the infant 
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may include limpness, twitching, pro- 
longed crying, feeding difficulties, pe- 
riods of apnea, convulsions, and coma. 
The incidence of neonatal hypogly- 
cemia ranges from two per 1,000 
births in full-term infants to 57 per 
1,000 in premature or “small for ges- 
tational age” infants.’ This form of 
hypoglycemia usually responds well 
to the establishment of adequate die- 
tary intake and should disappear 
when nutritional stability is main- 
tained. 

Persistence of hypoglycemia in the 
full-term baby beyond the immediate 
neonatal period, or appearance of hy- 
poglycemia during infancy beyond 
the immediate neonatal period car- 
ries a grave prognosis for central ner- 
vous system function and requires 
aggressive diagnostic and therapeu- 
tic measures. Most known causes of 
recurrent hypoglycemia in infancy 
and early childhood are summarized 
in a recent review on the subject by 
Pagliara and associates (Table).?° 
Conditions that produce this type of 
hypoglycemia fall into two major 
categories: (1) those conditions caused 
by increased insulin secretion for 
which excessive amounts of exoge- 
nous glucose are required to maintain 
normal glycemia (group II-A) and (2) 
those metabolic conditions caused by 
failure of the body to maintain nor- 
mal glucose homeostasis because of 
metabolic errors of deficiencies, but 
for which maintenance exogenous 
glucose will restore euglycemia 
(groups II-B and C). 

The term “idiopathic hypoglycemia 
of infancy” has been given to a group 
of clinical entities for which known 
causative factors have not been ap- 
parent. This condition, as initially de- 
scribed by McQuarrie,’ subsequently 
has been shown to include a variety of 
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I. Neonatal hypoglycemia 
A. Hypoglycemia associated with small-for-gestational-age infant 
B. Transient hyperinsulinemia of newborn infant 

1. Infant of diabetic mother 
2. Infant with erythroblastosis 
Il. Hypoglycemia of infancy and childhood 
A. Hyperinsulinemia 
1. B-cell hyperplasia 
2. B-cell tumors 
3. Nesidioblastosis 
4. Functional B-cell secretory defects 
B. Substrate limited 
1. Ketotic hypoglycemia 
2. Hypoglycemia associated with endocrine disorders 
a. Panhypopituitarism 
b. Isolated growth hormone deficiencies 
c. Corticotropin deficiency 
d. Addison disease 
e. Hypothyroidism 
C. Hepatic enzyme deficiencies 
1. Glycogen storage diseases 
a. Glucose-6-phosphatase 
b. Amylo-1,6-glucosidase 
c. Defects of the phosphorylase enzyme system 
2. Disorders of glyconeogenesis 
a. Fructose-1,6-diphosphatase 
b. Pyruvate carboxylase 
3. Other enzyme defects 

a. Glycogen synthetase 

b. Galactose-1-phosphate uridyl transferase 

c. Fructose-1-phosphate aldolase 


* From Pagliara and associates.?:3 


Fig 1.—Histologic appearance of island of Langerhans from case 1 showing hyperplasia 
with crowding of nuclei (hematoxylin-eosin, X 350). 





conditions, including “leucine sensi- 
tivity.”’ Many of the patients origi- 
nally described experienced a favor- 
able response to treatment with 
corticotropin or cortisone acetate. Di 
George and Auerbach? found that 
approximately 33% of infants with id- 
iopathic hypoglycemia were leucine- 
sensitive and that about 50% demon- 
strated evidence of f-cell hyperplasia. 
Since the development of the insulin 
radioimmunoassay, it has been shown 
that infants with leucine-sensitive 
hypoglycemia exhibit an excessive in- 
sulin secretory response to this amino 
acid.’ It was further noted that many 
of the non-leucine-sensitive infants 
believed to have idiopathic hypo- 
glycemia had abnormally elevated 
fasting insulin concentrations and 
hyperinsulinemie responses to in- 
travenously administered tolbuta- 
mide.* 

“Idiopathic hypoglycemia” is not a 
single entity, and most such patients 
have organic hyperinsulinism, includ- 
ing islet cell adenoma, diffuse f-cell 
hyperplasia, nesidioblastosis, and 
functional f-cell secretory disorders 
without detectable histologic abnor- 
mality, as shown in group II-A from 
the Table. Islet cell adenomas of the 
pancreas rarely are found in infancy, 
with fewer than 50 cases during child- 
hood having been reported in the lit- 


erature.’ The youngest documented | 


cases of hypoglycemia produced by 
functioning islet cell adenomas were 
reported by Robinson and associates" 
in infants of 4 and 9 days of age. On 
the other hand, idiopathic spontane- 
ous hypoglycemia due to f-cell hyper- 
plasia, nesidioblastosis, or functional 
B-cell secretory disorders is likely to 
become symptomatic before the age 
of 2 years in 90% of cases.'' Since 
there has been no documented in- 
stance in which an infant or child 
with chronic nonketotic idiopathic hy- 
poglycemia secondary to hyperinsu- 
linemia has exhibited spontaneous re- 
mission from the disease, these 
patients may be particularly respon- 
sive to subtotal pancreatectomy. The 
present article summarizes the expe- 
rience with three infants who under- 
went subtotal pancreatectomy for idi- 
opathic hypoglycemia at the UCLA 
Hospital during the past ten years. 
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Repor- of Cases 

Case 1.-A 13-month-old girl had re- 
peated episodes of coma and generalized 
convulsions that lec te the dagnosis of hy- 
poglycemia. Repeatec blood glucose levels 
below 46 mg/100 m and one of 19 mg/100 
ml were recorded. The results of the tol- 
butamic tolerance test were character- 
istic of an islet cell tumor. At surgical ex- 
ploration, the pancreas was found to be 
diffusely enlarged amd firm, with no local- 
ized nodules in any area. There was no evi- 
dence o ectopic pancreatie tissue. Sev- 
enty-five percent ef the pancreas was 
resected. The body and tail of the gland 
were removed, but tae spleen was pre- 
served. Elood glucose levels were elevated 
during the first three postoperative days, 
but have since remained consistently be- 
tween 90 and 140 mz/100 mL The patient 
made an uneventful recoverr and has de- 
veloped normally dering the ensuing ten 
years. She is believed to be of above-aver- 
age inteligence ane has no evidence of 
central nervous system injury. Histologic 
examinaton of the excised pancreas re- 
vealed hypertrophy and hyperplasia of the 
islet cells in each ef the islancs of Langer- 
hans (Fig 1). 

CASE 2.—A 6-monta-old boy experienced 
repeated generalizec body seizures. Fre- 
quent bleod glucose cetermmaczions had 
been recorded below 2 mg/_00 ml since 
the age of 2 months. No imprevement had 
been noted after administratien of cortico- 
tropin or Drednisone. He experienced per- 
sistent hyversensitivty to tolbutamide. At 
surgical exploration. the pancreas ap- 
peared normal. Ninety percen“ of the pan- 
creas was removed, anc the patient made 
an unevencful recovery. Fasting blood glu- 
cose determinations memained between 40 
and 70 mg/100 ml thereafter. Subsequent 
administretion of corticotropm increased 
the blood glucose levels to 150 to 170 
mg/100 m_ The cortiotropin was gradu- 
ally reduced, and the infant was given 
prednisone, 2.5 mg daiy, whichamaintained 
the blood glucose valwes between 100 and 
139 mg/10) ml durine the ensuing four 
years. Cor-isone was discontinued there- 
after, and when last evaluated, the patient 
had evidence of mild retardatim, although 
he was abl. to attend school end partici- 
pate in normal children’s actwities. The 
pancreatic slet cells appeared aormal his- 
tolegically. 

CASE 3.—A 6-week-osd boy wus noted to 
experience seizures siortly after birth. 
Blood glucese levels measurec below 20 
mgy 100 ml, and a constant infusion of 20% 
glueose was necessary to maintain the 
bloed glucos level abowe 40 mg 100 ml. Se- 
rum insulin levels weremot significantly el- 
evated. No improvement was roted after 
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(hematoxylin-eosin, X 240). 


administration of cortisone and glucagon, 
and no metabolic error was apparent. At 
exploratory laparotomy, the pancreas was 
noted to be slightly larger and darker than 
normal. An 80% distal pancreatectomy was 
performed without removing the spleen. 
The pancreatic duct was ligated and the 
transected edge of the pancreas oversewn. 
The uncinate process and the thin rim of 
the pancreas along the medial aspect of 
the duodenum remained. Prior to anesthe- 
sia, the infant was maintained on an intra- 
venous infusion of 20% glucose that was 
changed to 5% glucose approximately 40 
minutes before the pancreas was removed. 
The blood glucose level increased to 250 
mg/100 ml by the conclusion of the oper- 
ation, but returned to 140 to 150 mg/100 ml 
within six hours and gradually decreased 
to 100 to 120 mg/100 ml thereafter. The in- 
fant has progressed very well during the 
ensuing five months with good growth and 
development. Histologic evaluation of the 
excised pancreas revealed focal adeno- 
matous hyperplasia of the islet cells. The 
hyperplasia occupied approximately 40% of 
the cross section of the pancreas. An un- 
usual feature was the presence of multiple, 
well-differentiated pancreatic ducts within 
lobules of islet cells. At several points 
within the hyperplastic areas, collections 
of islet cells budded off the duct epithelium 
(nesidioblastosis) (Fig 2). 


Comment 


In 1967, Hamilton et al’? reviewed 
their experience with 12 infants who 


Fig 2.—Pancreatic section from case 3 showing budding of islet cells (nesidioblastosis) 


had undergone partial pancreatec- 
tomy for the management of idio- 
pathic hypoglycemia. Pagliara et al’ 
added two more cases and reviewed a 
total of 60 infants with idiopathic hy- 
poglycemia who had undergone more 
than 50% pancreatectomy. Im another 
review, Welch’? summarized the col- 
lected operative experience from the 
literature for 90 infants and children 
who had undergone graded pancrea- 
tectomy for idiopathic spontaneous 
hypoglycemia. Fifty-six patients 
achieved normal blood glucose levels 
postoperatively without resort to 
steroid or other types of drug ther- 
apy, and 23 remained normoglycemic 
after pancreatectomy and medical 
therapy. In some patients it was pos- 
sible to discontinue medical therapy 
after several months. Ten patients 
were considered unimproved by pan- 
createctomy, although most of these 
had approximately 50% or less of the 
pancreas removed. Fourteen patients 
in this series were neurologically im- 
paired preoperatively and remained 
mentally retarded postoperatively, 
suggesting that the operation was 
performed after brain damage had 
been sustained. 

Since subtotal pancreatectomy in 
an infant or young child performed 
by an experienced surgeon carries rel- 
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atively little risk,” and since the 
pathologic basis for hyperinsulinism 
may not be defined by clinical testing, 
any infant or young child past the 
neonatal period with severe hypogly- 
cemia and proven hyperinsulinemia 
should be considered a candidate for 
pancreatic resection. It may be diffi- 
cult to demonstrate elevated insulin 
levels in some infants, as in case 3 
from this report; however, when hy- 
perinsulinism is strongly suspected, 
operation should be performed. Be- 
cause of the rarity of islet cell ade- 
nomas in children under the age of 2 
years, preoperative selective arteriog- 
raphy is not believed to be warranted 
under most circumstances. If an ade- 
noma is not found after careful explor- 
ation and palpation of the pancreas, 
a 75% to 90% pancreatectomy should 
be performed. Intravenous infusion 
of concentrated glucose usually is 
necessary preoperatively; however, 
the infusion should be terminated ap- 
proximately 30 to 60 minutes prior to 
completion of the pancreatic resec- 
tion in order to reduce the severity of 
the hyperglycemic rebound, as was 
noted in case 3 from the present re- 
port. Resection of less than 75% of the 
pancreas is likely to provide only min- 
imal improvement for the hypogly- 
cemia. A second operation, performed 
under difficult surgical conditions be- 
cause of adhesions, may be required 
to remove more pancreatic tissue. The 
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resection is continued beyond the su- 
perior mesenteric vessels, leaving the 
uncinate process and a small rim of 
the pancreas attached to the inner 
curve of the C-loop of the duodenum. 
Total pancreatectomy with removal 
of a segment of duodenum (Whipple 
procedure) rarely is indicated to 
relieve idiopathic hypoglycemia in in- 
fancy and, if performed, will neces- 
sarily produce pancreatic insuffi- 
ciency. Subtotal pancreatectomy in 
infancy and early childhood may be 
performed without concomitant sple- 
nectomy under most circumstances. 
The spleen is considered to be of im- 
munologic importance in childhood, 
particularly in children under the age 
of 2 years. When a patient continues 
to have hypoglycemia after pancreat- 
ic resection, as occurred in case 2 of 
the present series, treatment with 
diet and diazoxide, cortisone, or both, 
should be tried to prevent the conse- 
quences of chronic hypoglycemia. 
The ultimate measure of therapeu- 
tic success in the treatment of idio- 
pathic hypoglycemia in infancy is the 
prevention of mental retardation. 
When the blood glucose level falls be- 
low the critical point necessary to 
permit normal cerebral metabolism, a 
burst of nervous activity or convul- 
sion may ensue, followed by a marked 
depression of the brain or coma. 
Permanent cerebral damage or even 
death may occur if frequent severe 
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attacks of hyperinsulinism are un- 
treated. The long-term good results 
in two patients and short-term excel- 
lent response in one infant after sub- 
total pancreatectomy for idiopathic 
hypoglycemia in the present report 
substantiate previous views that sub- 
total pancreatectomy should be con- 
sidered as an important therapeutic 
measure in the management of idio- 
pathic hypoglycemia in the neonate. 
The patient in case 2 has mild retar- 
dation believed to be related to the 
protracted hypoglycemia prior to 
pancreatic resection. Infants who 
require frequent infusions of concen- 
trated glucose for idiopathic hypo- 
glycemia should undergo operation 
promptly before irreparable brain 
damage occurs. 

Histologic review of the excised 
pancreas revealed hyperplasia in the 
glands of two patients from the pres- 
ent study, one of whom also had nesid- 
ioblastosis.'* One of the patients had 
a normal-appearing pancreas. These 
observations are consistent with 
those compiled by Welch, who re- 
ported 11 of 21 patients to have islet 
cell hypertrophy and ten of 21 to have 
a normal pancreas." 
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Primary Adenocarcinoma of the Duodenum 


William M. Moss, MD; P. Mihael McCart, MD; 
George Juler, MD; Dor R. Miller, MD, Irvine, Calif 


This study reviewed retrosaectively the 
records of eight patients treated surgically 
for adenocarcinoma of the duocenum, a rare 
lesion. The lesion charactersstically pro- 
duced weight loss, obstructive symptoms, 
occult or evert gastrointestina tract bleed- 
ing, and. if periampullary, jaundice. Results 
of the upper gastrointestinal ract barium 
examinazion pointed te the lesions in six of 
the patients. Three of four patients are alive 
14 months to seven years after pancreatico- 
duodenectemy; one of two survives five 
years after duodenal segmental resection. 
Bypass procedures in twe patients were fol- 
lowed bw the only hospital death in the 
series, im one, and eight months survival in 
the other. This small study, while not con- 
clusive, supports the concept o` an aggres- 
sive approach to duodenal aderocarcinoma 
by pancreaticoduodenectomy. 


rimary adenocarcinoma of the 

duedenum is a rare condition, 
representing only 0.3% of all gas- 
trointeszinal tract maligrmant neo- 
plasms and 0.042% of all malignant 
neoplasms.’ The first doeumented 
case of duodenal eardnome was de- 
scribed by Hamburger in 9746,‘ and 
only 602 cases had been recorded 
through 1960.° Approximately one 
third of duodenal tumors are malig- 
nant, and ef these, adenocarzinoma is 
by far the most common farm.? Ex- 
cluding lesions of the ampula of Va- 
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ter, duodenal carcinoma comprises 
33% to 45% of all small intestinal can- 
cer? 

The rarity of adenocarcinoma of 
the duodenum does not allow ade- 
quate determination of possible etio- 
logic factors. No reported study has 
been able to implicate dietary habits, 
acid, alkali, enzymes, peptic ulcer dis- 
ease, ectopic tissue, or benign tumors 
in the development of duodenal ma- 
lignancy.® A recent report described 
the apparent higher incidence of 
adenocarcinoma of the duodenum in 
patients with genetically transmitted 
Gardner syndrome.’ 

This study was done to review our 
clinical, diagnostic, and therapeutic 
experience in patients with primary 
adenocarcinoma of the duodenum, 
and to describe the clinical and labo- 
ratory features, pathologic diagnosis, 
and results of treatment. Histologic 
diagnosis was obtained in each pa- 
tient. 


Clinical Material 


Between 1960 and 1972, eight patients 
with primary adenocarcinoma of the 
duodenum have been treated and observed 
by the authors in their personal experience 
and that of the surgical services of the Or- 
ange County Medical Center and the St. 
Joseph’s Hospital, Orange, Calif, and the 
Veterans Administration Hospital, Long 
Beach, Calif (affiliated hospitals of the 
University of California, Irvine). One pa- 
tient, observed for seven years at the VA 
Hospital, had the original operation at an- 
other hospital. Two patients were treated 
at the University of Kansas Medical Cen- 
ter. Patients who were incidentally found 


to have duodenal adenocarcinoma at au- 
topsy and those who were not operated on 
were not included. 

The study group contained six men and 
two women, all white (Table). Ages ranged 
from 29 to 75, with an average of 62 years. 
Published data generally support a higher 
male incidence, with the neoplasm most 
common in the fifth and sixth deeades.** In 
five of the eight patients (62%) the tumor 
was noted to have originated in the infra- 
papillary or third portion of the duodenum. 
In three patients (38%) the neoplasms were 
found to originate in the periampullary or 
second portion of the duodenum. Differ- 
entiation from a primary ampullary lesion 
was based on pathologic findings indicat- 
ing origin in duodenal mucosa. No tumors 
were noted in the suprapapillary or first 
portion of the duodenum. Kleinerman et al, 
in a report of 453 cases, found 59.2% of the 
tumors to be periampullary, 18.3% infra- 
papillary, and 22.5% suprapapillary.’ Other 
reports®*° confirm the preponderance of a 
periampullary location. 

Signs and symptoms of primary duode- 
nal carcinoma vary with location as well as 
gross characteristics of the tumor itself. 
Duodenal adenocarcinoma is described as 
being ulcerative, polypoid, annular, or in- 
filtrative.'® All forms, often two or more in 
the same lesion, were represented in this 
series. Metastatic spread is by direct ex- 
tension or to the regional lymph nodes and 
the liver. Widespread metastases may ap- 
pear later in the course of the disease.” 

The duration of symptoms varied from 
one to seven months, with an average of 
three months. The most common clinical 
features were occult gastrointestinal tract 
bleeding and duodenal obstruction. Ob- 
structive symptoms were present in 62% of 
the patients, none of whom had peri- 
ampullary lesions. Early obstruction usu- 
ally appears as nausea, gastric distention, 
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and later as emesis, especially when the lo- 
cation of the lesion is infrapapillary.* Fecal 
occult blood is commonly present, but occa- 
sionally severe hemorrhage with profound 
anemia, tarry stools, and hematemesis are 
observed.: While 75% of these patients had 
findings of chronic hypochromic anemia 
secondary to occult bleeding, two (25%) had 
hematemesis. Three patients (88%) had 
had a recent onset of vague discomfort of 
the upper part of the abdomen. Pain may 
vary from vague epigastric distress to 
moderately severe intermittent or con- 
stant discomfort that may mimic peptic ul- 
cer disease or cholecystitis. The pain usu- 
ally is not relieved with food or antacid, 
and may, in fact, be exacerbated.’ Jaun- 
dice was observed in only two (25%) of our 
patients, both of whom had periampullary 
lesions. The incidence of jaundice with 
adenocarcinoma of the duodenum is low 
compared with that (90% to 100%) for other 
forms of malignant neoplasms in this 
area." Biliary ductal obstruction caused by 
lesions arising from more proximal or dis- 
tal duodenal zones than the ampulla usu- 
ally occurs late in the course of growth.’ 
Weight loss is common, but usually min- 
imal. While 88% of the patients had small 
weight losses, only two (25%) had substan- 
tial deficits (greater than 6.78 kg [15 1b]). 
Other symptoms observed included weak- 
ness and malaise (62%) and fever (13%). An 
abdominal mass, although occasionally 
found in other reports, was not noted pre- 
operatively in any of the patients in this 
series. 


Diagnostic Studies 


Although a precise diagnosis of the 
duodenal tumor was not usually made pre- 
operatively, the upper gastrointestinal 
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Upper gastrointestinal tract study in pa- 
tient 2 demonstrating periampullary ob- 
structive lesion of duodenum with ‘apple 
core" deformity (arrows) and mild proximal 
distention. 


tract barium contrast study, demonstrat- 
ing a duodenal lesion, proved to be the 
most valuable diagnostic procedure. Its im- 
portance in the evaluation of all patients 
with obstructive jaundice and fecal occult 
blood cannot be overemphasized. In six pa- 
tients (75%) either obstruction or a filling 
defect was demonstrated (Figure). In two 
patients (25%) study results were normal. 
Other possible radiologic manifestations 
include constriction and duodenal rigidity.° 
It has proved difficult to differentiate ma- 
lignant from benign lesions of the duode- 
num by roentgenography. The accuracy of 
the contrast study has been reported to be 
increased if a duodenal tube is passed and 
barium is injected directly into a paralyzed 
duodenum that is then distended with oxy- 
gen.” Other diagnostic procedures now 
available but not done in this series, and of 
possible assistance, include hypotonic duo- 


Operation 
Pancreatico- + 
duodenectomy 
Pancreatico- 0 
duodenectomy 
Pancreatico- + 
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5 yr 
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32 mo 
Dead, 

8 mo 
Dead, 

1 day 





denography, cytologic study of duodenal 
contents, fiberoptic duodenoscopy, and se- 
lective abdominal arteriography. 


Treatment and Resu Its 


All patients in the series had surgi- 
cal exploration. Initial assessment of 
the lesion to determine its extent re- 
quired mobilization of the duodenum 
and head of the pancreas, looking for 
fixation to vital structures and exten- 
sion outside of the local area. The 
place of biopsy examination is un- 
settled,’ but biopsy and frozen sec- 
tion are desirable if the diagnosis 
by gross inspection is questionable, 
and the specimen can be obtained by 
needle, duodenotomy, or incision with 
little chance of tumor cell contamina- 
tion or complication. Interpretation 
of the biopsy is not always diagnostic 
of the underlying lesion. 

Pancreaticoduodenectomy is indi- 
cated when the lesion can be circum- 
scribed by enbloc removal of the local 
tissues and adjacent areas of lym- 
phatic spread. 

In this series, four patients (50%) 
met the criteria for resectability and 
underwent pancreaticoduodenectomy. 
There were no operative or postopera- 
tive deaths. Of the four patients who 
underwent pancreaticoduodenectomy, 
one died two years after the oper- 
ation with presumed metastatic dis- 
ease. The other three are alive with- 
out evidence of recurrence, two 
patients at one year, and one at seven 
years. Two patients underwent seg- 
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mental resection; one lived 32 months, 
the other is alive and free of recur- 
rence five years after operation. Two 
patients had bypass procedures (gas- 
trojejunostomy); one died in the im- 
mediate postoperative period of car- 
diopulmonary collapse, the other lived 
15 months. Fifty percent of the pa- 
tients operated on over five years ago 
by definitive resection, survive. Two 
thirds of all patiencs treated by de- 
finitive resectiom are alive after 14 
months. 

The number of patients is too small 
for sufficient analysis of prognostic 
factors. Node metastasis usually car- 
ries a poor prognosis, but two pa- 
tients with node metastasis still sur- 
vive after 12 months. 

Two of three patients with peri- 
ampullary tumors and two of three 
patients with infrapapillary lesions 
survive. 


Comment 


Complete surgical extirpation is 
the only reliable mathod by which 
cure may be achievec. The treatment 
of choice for localized excisable le- 
sions is pancreaticoduodenectomy. 
This regional enbloc resection follows 
the basic principles of an adequate 
operation for cancer and, if the tumor 
can be circumvented, offers the best 
hape for cure. Although the argument 
for extended operation is not strongly 
supported by an outstanding improve- 
ment in survival im our limited series, 
pancreaticoduodenectomy can be per- 
formed with acceptable risk and gives 
the best long-term results. Data from 
recent reports indicate that an oper- 


Arch Surg/Vol 108, Jume 1974 


ative mortality of less than 10% is 
feasible. 115 

Segmental resection has not proved 
to be as effective an operation as pan- 
creaticoduodenectomy since the re- 
moval of the regional lymphatics and 
adjacent tissues is more limited, thus 
resulting in a higher incidence of lo- 
cal recurrence.’ Segmental resection 
may be indicated in poor-risk pa- 
tients when the lesion is localized and 
in the most proximal or distal part of 
the duodenum with adequate margins 
for excision and tension-free anasta- 
mosis, although some studies have re- 
ported this procedure to carry an op- 
erative risk nearly as high as with 
pancreaticoduodenectomy. It is not 
applicable for periampullary lesions. 
Although one of our patients is still 
alive five years after segmental resec- 
tion of an infrapapillary lesion, sur- 
vival in these individuals is usually 
measured in months. 

Palliative bypassing procedures are 
justified only when the lesion is not 
removable or when patients are un- 
able to tolerate a more extensive 
procedure. Patients who undergo this 
type of operation rarely live more 
than a few months. 

Radiotherapy has little to offer in 
the therapy of duodenal malignant 
neoplasms. Chemotherapy may be of 
palliative value for the inoperable or 
unresectable lesion or for recurrent 
disease.® 

While this small series of patients 
with adenocarcinoma of the duode- 
num is insufficient to draw definitive 
conclusions, the results with defini- 
tive operation are encouraging. It is 


hoped that the early use of new diag- 
nostic modalities may assist in earlier 
diagnosis and definitive therapy, with 
even better chance of survival. | 


The January 1974 issue of the ARCHIVES con- 
tains a case report of a four-year survival 
(108:89-91, 1974).—Ep. 
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This photo, taken in color, 
shows the operator’s 
_view of a polyp in the 
ascending colon while it 
is being biopsied. 
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Acute Aortic Dissection 


During Cardiopulmonary Bypass 


Successful Treatment of Three Patients 


James S. Benedict, MD; Thomas L. Buhl, MD; 


R. Peter Henney, MD, Long Beach, Calif 


A review of over 950 open-heart oper- 
ations done at St. Mary’s Long Beach Hospi- 
tal from July 1, 1969 through Sept 15, 
1973, showed five instances of acute aor- 
tic dissection occurring during cardio- 
pulmonary bypass. Three of these patients 
were successfully resuscitated and were 
long-term survivors. 

Routine femoral artery cannulation was 
carried out in 836 patients. All five dis- 
sections occurred in this group. None oc- 
curred in the 114 aortic arch cannulations, 
but three of these patients developed severe 
bleeding problems at the cannulation site, of 
which two died. 

Prompt diagnosis of the acute aortic dis- 
section and immediate treatment were cru- 
cial to these patients’ survival; vigorous 
postoperative antihypertensive medical man- 
agement was likewise an important factor. 

The occurrence of intraoperative acute 
aortic dissection is not necessarily fatal if 
rapidly recognized and properly handled. 


any articles and reports have 

been published about the diag- 
nosis, pathogenesis, and treatment of 
spontaneously occurring acute aortic 
dissecting aneurysms.'* However, 
there is a paucity of information 
about the intraoperative occurrence 
of this disease during cardio- 





Accepted for publication Feb 15, 1974. 

From the Department of Thoracic Surgery, St. 
Mary’s Long Beach Hospital, Long Beach, Calif. 

Read before the annual meeting of the South- 
ern California Chapter of the American College 
of Surgeons, Palm Springs, Calif, Jan 19, 1974. 

Reprint requests to 411 E Tenth St, Suite 205, 
Long Beach, CA 90813 (Dr. Benedict). 


810 Arch Surg/Vol 108, June 1974 


pulmonary bypass. A review of over 
950 open-heart operations at St. 
Mary’s Long Beach Hospital from 
July 1, 1969 through Sept 15, 1973, 
showed five instances of acute aortic 
dissection during cardiopulmonary 
bypass. Three of these patients were 
successfully resuscitated and were 
long-term survivors. An evaluation 
and analysis of these cases and the 
diagnosis and treatment of this sud- 
den disaster form the basis of this ar- 
ticle. 


Report of Cases 


CasE 1.—A 52-year-old white male engi- 
neer was admitted to St. Mary’s Hospital 
on Feb 16, 1970, with a history of a previ- 
ous myocardial infarction in February 
1969. Disabled because of severe angina, 
repeated congestive heart failure, and fre- 
quent uncontrolled premature ventricular 
contractions, he had intensive medical 
treatment for six weeks prior to operation. 
Cardiac studies showed a large left ven- 
tricular aneurysm with thrombus in the 
left ventricular apex, occluded left subcla- 
vian artery on arch aortogram, 26% left 
ventricular ejection fraction, and moderate 
pulmonary artery hypertension (50 mm 
Hg, systolic pressure). 

On May 18, he underwent left ventricu- 
lar aneurysm resection. While on total car- 
diopulmonary bypass with left femoral ar- 
tery cannulation, and during closure of the 
left ventricular incision, acute aortic dis- 
section occurred. Rapid aortic arch can- 
nulation was carried out and perfusion 
resumed via the aortic arch cannula. Pres- 
sures remained low, however, and at- 


tempts to suture the inner and outer layers 
of the aortic wall together were unsuccess- 
ful. The heart could not be resuscitated, 
and the patient died in the operating room. 

Postmortem examination revealed ex- 
tensive dissection from an intimal lacer- 
ation of an iliac arteriosclerotic plaque. 
The aortic arch cannula had been placed in 
the false aortic lumen, rather than in the 
true intimal channel. Neither the coronary 
nor renal vessels were involved in the dis- 
section, but extensive arteriosclerosis was 
found in all vessels. 

Case 2.—A 60-year-old white heavy- 
equipment operator was admitted to St. 
Mary’s Hospital on May 6, 1970, with over 
a two-year history of angina pectoris. He 
also had strongly positive exercise tread- 
mill stress test results. Coronary angio- 
grams showed severe disease of the right 
and circumflex vessels, with mild disease 
of the anterior descending vessel. His con- 
templated operation on May 8 was to have 
been a single Vineberg internal artery im- 
plantation, a saphenous vein graft to the 
right coronary artery, and closure of a 
large atrial septal defect. Routine femoral 
artery cannulation was done and the pa- 
tient was placed on total cardiopulmonary 
bypass. 

Because the mean arterial blood pres- 
sure soon fell to 20 to 30 mm Hg, cardio- 
pulmonary bypass was discontinued until 
the vital signs stabilized. When bypass 
was resumed, the peripheral pressures 
were acceptable, so the right atrium was 
opened. Sutures were being placed for clo- 
sure of the atrial septal defect when the 
mean arterial blood pressure fell to 20 mm 
Hg, the venous return fell precipitously, 
and simultaneous purplish-red discolora- 
tion of the aortic root occurred. Bypass 
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was immediately stepped, the right atrium 
closed with a partially occluding vascular 
clamp, the arterial infusion line trans- 
ferred rapidly by one of the assistants to 
the venous cannulas, and resuscitation of 
the heart begun. With transcaval infusions 
ef blood from the pump, manual cardiac 
massage, and rapid return of normal pul- 
monary ventilaticn, acequate cardiac out- 
put was restored Protamine sulfate was 
quickly given to neutralize the complete 
heparinization, and the operative proce- 
dure abandoned. 

His pestoperative management con- 
sisted ef vigcrous antihypertensive 
therapy using trimethaphan camsylate 
(Arfonad), methyldope (Aldomet), chlor- 
promazine (Thorazine), and reserpine (Re- 
serpoid). Sedation was accomplished with 
meperidine (Demerol) hydrochloride and 
diazepam (Valium), ard he was kept at 
strict bed rest for zen days. The blood urea 
nitrogen (BUN) level went up as high as 50 
mg/100 ml, he hac lethargy and slurred 
speech for a few days, but all peripheral 
pulses were palpable. He was discharged 
after two weeks with a dreining lower 
sternal wound, and was placed on a regi- 
men of long-acting antihypertensive medi- 
cations. 

He was restudied on Nov 14, and the 
only remaining evidence of acute dis- 
section was a localized area of disruption 
between the celiac axis and the renal ar- 
teries. He was notad tc have widespread 
arteriosclerosis of tae abdominal aorta and 
the iliac vessels. He was reoperated on on 
March 5, 1971, wita closure o? the atrial 
septal defect and a single vein bypass 
graft from the aorta to the rigat coronary 
artery. Aortic arch cannulation was used 
at reoperation. His postoperative course 
was uneventful, anc he is now working, 
hunting, and completely asymptomatic. 

CASE 3.—A 65-yeer-old white man with 
severe angina pectoris and previous myo- 
eardial infarction was admitzed to St. 
Mary’s Hospital on May 3, 197L Coronary 
arteriograms were Jone on May 4, with 
two unsuccessful attempts at right fem- 
oral artery catheterization, and the left 
femoral artery was finaly used success- 
fully for the retrograde study. The find- 
ings showed severe proximal right coro- 
nary artery disease and occlusion of the 
circumflex marginal branzh and the ante- 
rior descending braneh of the left coronary 
artery. He also had a large dyskimetic area 
of the anterolateral wall of the le?t ven- 
tricle. 

On May 6, he underwent attempted 
triple-vein aortocoronary artery bypass 
grafis to the circumfiex, anterior descend- 
ing, and right coronary arteries. The distal 
coronary anastomoses were done first, and 
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in the middle of the second anastomosis, 
acute aortic dissection occurred. The pump 
was immediately stopped, the left ventricle 
closed, the heart defibrillated, and manual 
cardiac massage instituted while the as- 
sistants were switching the arterial infu- 
sion line to the venous cannulas. Cardiac 
massage was continued until the heart re- 
turned to an adequate rhythm. The heart 
was unable to support an adequate cardiac 
output, however, so the aortic arch was 
then cannulated and perfusion carried out 
via the aortic arch cannula. The operation 
was then completed, suturing the proximal 
vein grafts to the thin, discolored, friable 
ascending aorta. Marked bleeding ensued 
from this area, and the heart was unable to 
support the peripheral circulation even af- 
ter revascularization. After several hours 
of pump support, he died on the operating 
table. 

Autopsy showed the acute dissection of 
the entire aorta with the initial laceration 
of the intima of the right iliac artery, per- 
haps at the site of the previous catheter- 
ization attempts. Over half the circum- 
ference was dissected free with marked 
arteriosclerosis of the aorta, iliac, and cor- 
onary arteries. 

CASE 4.—A 56-year-old white housewife 
with severe progressive angina pectoris 
was admitted to St. Mary’s Hospital on 
June 3, 1972. Her blood pressure on ad- 
mission was 150/80 mm Hg, and previous 
coronary arteriograms had shown proxi- 
mal occlusions of the right and anterior de- 
scending coronary arteries with severe ste- 
nosis of the circumflex branch and the left 
main coronary artery. 

On June 5, a quadruple saphenous vein 
bypass graft procedure was attempted. 
The veins were removed from the thighs, 
but the proximal anastomoses were not 
done. Routine femoral artery cannulation 
with a #22F plastic cannula was done 
without difficulty. After going on total car- 
diopulmonary bypass, it was noted that the 
arterial line pressure rose to 480 mm Hg. 
Vital signs remained stable, and perfusion 
was continued. Shortly after starting the 
circumflex artery anastomosis, acute aortic 
dissection occurred. 

The pump was immediately stopped. The 
left ventricular pump site was rapidly 
closed, the heart defibrillated, and the arte- 
rial infusion tubing connected to the 
venous cannulas. Transfusion was then 
carried out via this latter maneuver, and 
manual massage of the heart was done un- 
til the cardiac output improved spontane- 
ously. The contemplated procedure was 
abandoned and the systemic hepariniza- 
tion neutralized rapidly with protamine 
sulfate. The left femoral artery was re- 
paired with a good return of pulse. 


Her postoperative management was 
again one of vigorous medical antihyper- 
tensive therapy, keeping her systolic blood 
pressure below 110 mm Hg. This was ac- 
complished with the aid of trimethaphan 
camsylate, methyldopa, reserpine, and se- 
dation with meperidine and diazepam. She 
had no neurological or pulse deficits, and 
the BUN level remained below 19 mg/100 
ml. She was discharged after two weeks of 
bed rest. Her medications ineluded pro- 
pranolol hydrochloride (Inderal), coronary 
vasodilators, tranquilizers, analgesics, and 
antihypertensive medications. 

On Feb 15, 1973, she had further coro- 
nary and aortic angiograms with similar 
coronary findings and no evidence of re- 
maining dissection. She had severe occlu- 
sive disease of the left iliac vessel. Because 
of her continuing severe angina pectoris, 
she was reoperated on on May 9. A triple 
saphenous vein bypass graft procedure 
was done between the ascending aorta and 
the circumflex, anterior descending, and 
right coronary arteries. Upon cannulating 
the aortic arch, the intima was still found 
to be dissected free from the aortic wall, so 
only one proximal anastomosis was done in 
this area. At the finish of the operation, 
she had evidence of posterior wall myocar- 


dial infarction. She likewise had profuse — 


postoperative hemorrhage, necessitating 
transfusion with 6 units of blood. She died 
on the second postoperative day of low 
cardiac output syndrome. No autopsy was 
done. 

CASE 5.—A 48-year-old white male park- 
ing valet was admitted to St. Mary’s Hos- 
pital on Sept 3, 1973, with a one-year 
history of angina pectoris with marked ex- 
acerbation for one month. His admitting 
blood pressure was 140/90 mm Hg and he 
had normal serum enzyme levels. Coronary 
arteriograms done via the right femoral 
artery on Sept 6 showed a severe stenosis 
of the anterior descending coronary ar- 
tery, occlusions of the diagonal and mar- 
ginal branches, and moderate stenosis of 
the right coronary artery. 

On Sept 7, he underwent urgent aorto- 
coronary artery saphenous vein bypass 
grafts to these vessels. The proximal 
aortovenous graft anastomoses were ac- 
complished prior to total cardiopulmonary 
bypass. Routine left femoral artery cannu- 
lation was done, and the patient placed on 
total cardiopulmonary bypass to do the 
venous-coronary artery anastomoses. Af- 
ter completion of the circumflex anasto- 
mosis, and half-way through the anterior 
descending anastomosis, acute aortic dis- 
section occurred. Minimal perfusion was 
maintained with 500 to 1000 ml/min flow 
through the arterial cannula until an arch 
cannula could be placed in the true aortic 
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lumen at the base of the heart. The pump 
was then stopped, and rapid transfer of 
the arterial infusion line to the arch can- 
nula was done. On reestablishing perfusion 


through the arch, the mean arterial blood — 


pressure, as measured in the right radial 
artery, returned to normal levels and 
venous return again became adequate. The 
operation on the heart was then rapidly 
completed and the patient removed from 
the extracorporeal circuit. There was no 
evidence of aortic insufficiency, with the 
major problem being severe bleeding from 
the ascending aortic suture lines. It was 
determined by flow measurements that 
only one of the proximal grafts still arose 
from the true aortic lumen, so the other 
two vein grafts were anastomosed in a 
venovenous fashion as jump grafts to the 
distal coronary arteries. The bleeding was 
finally controlled with fine polypropylene 
sutures over buttressing pads of Teflon 
felt. 

He had a good cardiac output after com- 
ing off bypass and again a vigorous medi- 
cal regimen was followed in the postopera- 
tive period. He was discharged on the 
tenth postoperative day with no neurolog- 
ical or pulse deficits. The blood flows in the 
patent grafts, as measured at surgery, 
were good and he has subsequently re- 
sumed work and is currently asympto- 
matic. 


Comment 


In case 1, the presence of an oc- 
cluded subclavian vessel on arch 
aortogram should have suggested the 
use of the aorta for cannulation. Af- 
ter dissection had occurred, resuscita- 
tion might have been possible had the 
true aortic lumen been cannulated. 
Attempts to suture the two separated 
layers of aortic wall should not be 
done as the tissues are too friable to 
hold sutures and bleeding becomes an 
overwhelming problem. In this case, 
the very poor cardiac reserve likewise 
precluded any really successful resus- 
citative measures in such an ex- 
igency. 

With case 2, the initial marked fall 
in the peripheral arterial pressure 
should have been the indication for 
arch cannulation. The fact that the 
dissection occurred early in the repair 
of the atrial septal defect meant that 
immediate cardiac resuscitation could 
be done. Abandonment of the con- 
templated operation and reoperation 
several months later proved to be the 
wisest course to follow. 
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When the cardiologist has diffi- 
culty catheterizing the femoral ar- 
teries, as in case 3, aortic cannulation 
is the preferred method. The role of 
fresh catheterization in lacerations of 
the femoral and iliac intima may thus 
be an indication for aortic arch can- 
nulation. Since January 1978, we have 
been placing the proximal vein graft- 
aortic anastomoses first before going 
on cardiopulmonary bypass to do the 
distal anastomoses. The ischemic 
myocardium may thus be revascular- 
ized before postpump demands are 
placed on it. 

The fourth patient (case 4) was a 
long-term survivor in the sense that 
she lived 11 months following her 
acute aortic dissection; however, she 
did die after reoperation. Evidence of 
the dissecting process still being pres- 
ent at reoperation was only found at 
surgery, and not in the preoperative 
angiograms. The role of this finding 
in causing her postoperative myocar- 
dial infarction and death is not clear. 
The presence of the markedly ele- 
vated arterial line pressure at the 
first operation should have been the 
warning to use arch cannulation 
rather than femoral artery perfusion. 

The successful outcome of the last 
patient (case 5) reflected the experi- 
ence with the earlier patients. The 
role of his fresh femoral artery cath- 
eterization as an etiological factor 
could not be determined. That the dis- 
section occurred late in the course of 
the operation precluded any attempt 
at resuscitation without completing 
the operation, so perfusion was con- 
tinued via the arch. 

Cannulation Site Preference.—Of the 
950 cases of cardiopulmonary bypass 
reviewed during this four-year period 
(1969 to 1973), 836 patients had the 
“routine” femoral artery cannulation 
with the five instances of dissection 
occurring in the group, an incidence 
of 0.6%. Fifteen patients had the can- 
nulation site switched from femoral 
to aortic arch during the course of the 
operation. One hundred fourteen pa- 
tients had the aortic arch cannulated 
as the preferred method of arterial 


perfusion with no dissections in this 


group. Three patients were switched 
from aortic to femoral artery perfu- 
sion because of bleeding problems at 


the arch cannulation site. Two pa- 
tients died as a result of this bleeding 
or its sequelae for a mortality of 2.0%. 
Two patients had bilateral femoral 
artery cannulations with a Y-connec- 
tor to the arterial infusion line. 

Routine femoral artery cannulation 
was done with a thin-walled metal 
cannula until late in 1970, when a 
thin-walled blunt-tipped, plastic can- 
nula was used, sizes ranging from 
18F to 24F. Indications for femoral 
artery cannulation included (1) tech- 
nical preference, (2) young patients 
with normal arteries, (3) partial sup- 
port during induction of anesthesia or 
during the chest incision in acute 
problems such as pulmonary embolec- 
tomy, acute myocardial infarction, 
and so on, (4) lacerations of the aorta 
or other great vessels from operative 
trauma, (5) severe aortic insuff- 
ciency with large peripheral arteries, 
(6) aortic valve replacement in combi- 
nation with aortocoronary artery by- 
pass vein grafts, (7) ascending aortic 
arch disease, (8) anatomically short 
or very deep inaccessible ascending 
aortas, (9) and multiple vein graft 
anastomoses on the ascending aorta. 

Aortic arch cannulation was done 
with a right-angled, multiholed, plas- 
tic cannula, sizes ranging from 20F to 
24F. Hither a fine purse-string suture 
or opposing horizontal mattress su- 
tures over buttressing Teflon felt 
were used to hold the cannula in 
place. Indications for arch cannula- 
tion included (1) technical preference, 
(2) absent or markedly diminished 
femoral pulses, (8) recent (within 24 
to 48 hours) femoral artery retro- 
grade catheterizations, (4) demon- 
strable aortic, iliac, or femoral vessel 
arteriosclerosis on preoperative angi- 
ograms, (5) previous femoral, iliac, or 
aortic arterial surgery, (6) marked in- 
crease in femoral arterial line resist- 
ances on going on bypass, (7) poor re- 
nal function, and (8) markedly obese 
patients with inaccessible femoral ar- 
teries. 

Diagnosis of Dissection.—The signs 
of impending disaster may be com- 
pletely absent until the fatal event 
has already occurred. Certain warn- 
ing signs however, may be present 
for the astute observer, be the sur- 
geon, monitoring cardiologist, or 
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pump technician. These include sud- 
den unexplained fal_off im venous re- 
turn, rise in arterial line pressures, 
fall in mean arteriel bload pressure, 
or fall in urinary output. 

More eften, however, the diagnosis 
is not made until there 1as been a 
dramatie sudden fall in the mean ar- 
terial blood pressure, a camplete loss 
of venous return te the pump-oxygen- 
ator, a marked elevation n the arte- 
rial line pressure (in spite of reducing 
arterial flow), and the classical pur- 
plish-red discoloration of the aor- 
tic root. Massive bleeding may ensue 
from the aortic roof at su-ure lines or 
from ruptured adventitia 

Treatment.—Rapic recognition and 
prompt action are crucial -o the resus- 
citatien and survival of the patient in 
considering the treatmen* of this usu- 
ally fatal complicat.on. The course of 
action will depend primzrily on the 
time of occurrence of the acute aortic 
dissection during the cardiotomy. 

When the dissection eccurs early 
and the heart can ke immediately re- 
suscitated, the pump 3s promptly 
stopped. The limes are transferred 
quickly by the assistaut surgeons 
from the arterial infusioa line to the 
venous cannulas for immediate trans- 
fusion. Meanwhile, the surgeon closes 
any cardiac openings quickly, defi- 
brillates the heart if neeessary, and 
carries out manua. cardiac massage 
until the heart cen take over and 
maintain an adequate cardiac output. 
The monitoring cardiologist is partic- 
ularly helpful at this point in admin- 
istermg appropriate cardiotonic or 
antiarrhythmic drugs. If the heart is 
then resuscitated, the contemplated 
procedure is abandoned, and the sur- 
gical therapy postponec for several 
months to a year. The immediate 
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postoperative management is one 
of the usual vigorous medical anti- 
hypertensive regimen used in spon- 
taneously occurring acute dissect- 
ing aneurysms. Drugs used include 
trimethaphan camsylate, chlorproma- 
zine, methyldopa, propranolol, and re- 
serpine, as well as meperidine, diaze- 
pam, and barbiturates for sedation. 
Bed rest is enforced for 10 to 14 days. 
The patients are discharged on a 


long-term regimen of antihyper- 


tensive drugs and are studied several 
months later to determine if the aor- 
tic dissection is still potentially dan- 
gerous and if the abandoned cardiac 
procedure could be done safely. 
When the acute dissection occurs 
late in the course of the operative 
procedure and immediate resuscita- 
tion is not feasible, an entirely differ- 
ent course of action is called for. The 
arterial infusion pump is slowed to 
maintain only minimal perfusion, 
with an arterial line pressure below 
100 mm Hg. The mean arterial pres- 
sure may only be 20 to 30 mm Hg at 
this point. The aortic arch is then rap- 
idly cannulated, in an attempt to find 
a point where the intima, media, and 
adventitia are still together. It is es- 
sential to have the cannula within the 
true aortic lumen. Then the pump is 
stopped, and the arterial infusion line 
is transferred from the femoral can- 
nula to the arch cannula. Perfusion is 
then resumed via the aortic arch. The 
mean arterial pressure in the radial 
artery or the central aorta will then 
probably return to normal. The oper- 
ation on the heart is then rapidly 
completed. After the heart is resusci- 
tated and there is no evidence of aor- 
tic insufficiency, the patient is re- 
moved from cardiopulmonary bypass 
and bleeding is controlled. The venous 


cannulas are left in place for transfu- 
sion purposes until all aortic arch 
bleeding has been controlled. But- 
tressing mattress sutures of fine poly- 
propylene over Teflon felt may be 
necessary to control the paper-thin 
outer layers of aortic adventitia. A 
minimal number of sutures should be 
used on this friable aortic tissue. 
When all bleeding is controlled, the 
protamine sulfate is given to neutral- 
ize the heparin sodium. Again, a vig- 
orous medical program of antihyper- 
tensive medications in the immediate 


‘postoperative period is the key to 


the patient leaving the hospital re- 
covered. 


Conclusions 


The occurrence of intraoperative 
acute aortic dissection while on cardi- 
opulmonary bypass is not necessarily 
a fatal complication as three of our 
five patients were resuscitated and 
left the hospital alive. It is 
complication, occurring five times in 
836 femoral artery cannulations for 
an incidence of 0.6%. Rapid recogni- 
tion and prompt treatment is neces- 
sary for the patient’s survival. 


References 


1. Austen WG, et al: cry: of dis- 
sacting aneurysms. Arch Surg 95:835-842, 


2. Lee HJ, Drake EH: Dissecting aneu- 
rysm of the aorta: Diagnosis, treatmen 
and prognosis. Henry Ford Hosp Med 
19:177-190, 1971. 

8. Palmer RF, Wheat MW Jr: Treat- 
ment of dissecting aneurysms of the aorta. 
Ann Thorac Su 4:36-58, 1967 

4. Lindsay J Jr, Hurst JW: Clinical fea- 
tures and prognosis in dissection aneurysm 
of the aorta: A re-appraisal. Circulation 
35:880-888, 1967. 






Acute Aortic Dissection/Benedict et al 813 





a rares, 








Internal Fixation in the 


Management of the Burned Hand 


Bruce M. Achauer, MD; Robert H. Bartlett, MD; David W. Furnas, MD; 
Patricia A. Allyn, RN; E’Lane Wingerson, OTR, Irvine, Calif 


Although 30% of 662 burn patients had 
some hand involvement, only 6% had severe 
hand injury. Seventeen patients (2.5%) were 
managed by early internal fixation. Severe 
hand injury was closely associated with se- 
vere burns. Most hand injuries were man- 
aged successfully with early splinting, active 
range of motion, and good wound manage- 
ment. In the severe hand burns, early inter- 
nal fixation of the proximal interphalangeal 
joints was valuable in preventing the typical 
claw contracture of dorsal third-degree hand 
burns. The metacarpal phalangeal joints 
were pinned at grafting, and all pins re- 
moved at five to seven days after grafting. 
This was found to be safe, with very few 
complications, and essentially no risk or 
mortality. Claw deformity was successfully 
prevented, and very good motion of joints 
was maintained. 


t is not necessary to emphasize 
the importance of salvaging func- 
tional hands’ for the burn patient. 
However, “rarely is a full range of 
motion or normal function restored to 
a hand that is severely or even moder- 
ately burned.”? The edema produced 
by the initial injury limits motion, as 
does the pain and critical condition of 
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most patients. Fibrosis results from 
the woody induration following the 
initial edema. The thin skin on the ex- 
posed dorsum of the hand is easily de- 
stroyed, as is the central slip of the 
extensor mechanism over the proxi- 
mal interphalangeal (PIP) joints due 
to lack of subcutaneous tissue. Subse- 
quent contracture of tendons leads to 
the typical boutonniére or claw defor- 
mity metacarpal phalangeal (MP) hy- 
perextension, PIP hyperflexion, and 
distal interphalangeal (DIP) hyper- 
extension. 

It is significant that the two cur- 
rent popular treatment philosophies 
are exactly opposite, but produce sim- 
ilar results. In 1944, McIndoe’* recom- 
mended that burned hands be ele- 
vated and active motion encouraged. 
However Trueta,’ in 1946, insisted on 
absolute immobilization in the “posi- 
tion of function” and believed defor- 
mities resulted from early motion. He 
was supported by Rank and Wake- 
field (1968) who stated, “early heal- 
ing, not early motion” was most im- 
portant.‘ 

Modifications of the early move- 
ment school have been various bags 
containing oil (Bunyan, 1940),° sili- 
cone, (Miller et al, 1965),° and mafe- 
nide (Sulfamylon) hydrochloride 
(Bailey and Desai, 1973),’ in an at- 
tempt to achieve motion, realizing 
that this goal is very difficult to at- 
tain in the severely burned hand. 

Splinting or occlusive dressings in 


the “postion of function” exacerbates 
the claw deformity of the burned 
hand, although this method of treat- 
ment is common practice in some 
areas. Splinting in the “‘anticlaw posi- 
tion” (MP flexion, PIP extension, DIP 
extension) was proposed by Koepke 
et al in 1963,° and s generally prac- 
ticed, particularly with a massive 
burn. 

A third method of treatment has 
been excision and grafting as intro- 
duced by Braithwaite and Watson 
(1949) 12 to 18 days postburn, 24 
hours postburn by Ross (1950), or on 
the third postburn day by Moncrief et 
al" in 1958. A modification of this was 
“tangential excision” at three to five 
days as described by Janzekovic’* in 
1970. Early excision and grafting is 
an attractive concept; however, there 
are a number of problems associated 
with this form of management. First, 
one must decide what tissue to excise, 
and the danger of excising viable tis- 
sue is quite real. It is difficult to equal 
the results of late skin grafting with 
regard to percentage of take. Mon- 
crief et al'' reported four patients out 
of a series of 60 who developed /-he- 
molytic Streptococcus infections post- 
operatively; 13 patients had poor re- 
sults with extensive loss of skin. Also, 
these patients are usually extensively 
burned, and not only is donor skin 
quite limited, but anesthetics and 
long operative procedures are not 
well tolerated. In the series of Mon- 
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Antidaw Splinting 


Active Debridement 


Fig 1.—tnitial management. Small Kirschner wires drilled through PIP joints of all in- 
valved fingers within 24 hours cf admission under ketamine anesthesia; MP movement and 


anticlaw splinting employed urtil grafting. 


Fig 2.—Grafting. Other surfaces grafted first. Steinmann pin placed through radius, and 
MP pins placed. Grafts tren placed and secured: arm elevated with traction bow with wrist 


in extension. 
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crief et al, 11 of 60 patients died even 
though “patients in whom survival 
was a Serious consideration were not 
selected.” Moncrief™ eventually gave 
up early excision. Bailey and Desai’ 
mention that little or no time is 
gained by early excision; four to five 
weeks of treatment are still neces- 
sary. For these reasons, and the fact 
that a good deal of experience and fi- 
nesse are required, this mode of 
treatment is not widely used. 

Internal fixation in the manage- 
ment of hand burns has been advo- 
cated for immobilization during 
grafting by Larson et al.“ Boswick' 
recommended internal fixation only 
for ankylosis or arthrodesis. Gronley® 
mentioned that a severe infection 
frequently develops if pins are placed 
through burned skin. However, in a 
discussion of an article by McCor- 
mick, Frackelton’® mentioned that he 
had used early PIP internal fixation 
with Kirschner wires for eight years 
with gratifying results. 

The problem with hand manage- 
ment is that the MPs need motion, 
the PIPs need immobilization, the 
wrist needs motion, and grafting is 
best done after second-degree burns 
have healed and edema left, at 
around 20 to 25 days postburn. To 
achieve these conflicting goals, a 
protocol was developed consisting of 
initial anticlaw splinting with fre- 
quent periods of exercise of MP joints 
plus internal fixation at time of 
grafting. This evolved to PIP fixation 
early (within 24 hours), MP motion, 
early tangential excision of burn 
wound, and MP fixation at grafting. 


Materials and Methods 


Records of patients treated for hand 
burns at the Orange County Medical Cen- 
ter Burn Unit for 1972 and 1973 were re- 
viewed. All patients who had either acute 
treatment, late reconstruction, or out- 
patient treatment only were reviewed. The 
management protocol is outlined in Fig 1 
through 3. 

Joint Management.—Deep second-, third-, 
or fourth-degree burns of the hand were 
managed by internal fixation of the PIP 
joints to full extension using Kirschner 
wires (small, 0.035-inch diameter or me- 
dium, 0.045-inch diameter). They were in- 
serted under ketamine hydrochloride anes- 
thesia within 24 hours of admission in all 
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involved fingers. This joint was kept im- 
mobilized in this position until coverage 
was complete. Metacarpalphalangeal joints 
were put through full range of motion sev- 
eral times daily, and splinted at 90° flexion 
with wrist extension at night. At the time 
of grafting, a threaded Steinmann pin was 
placed through the distal radius, and this 
was used to manipulate the hand and arm 
during grafting and for traction after 
grafting. Additional Kirschner wires were 
placed through the MP joints, holding 
these at 90°. One of these wires was drilled 
through the entire length of the finger and 
clamped over a button at the fingertip. The 
end of the wire protruding from the dor- 
sum of the hand was formed into a hook, 
and this used to hold the wrist in extension 
by attaching the hooked wire to the trac- 
tion bow with a rubber band after oper- 
ation. The arm was suspended in traction 
for five days. All pins were removed one to 
two weeks after grafting, and active range 
of motion exercises resumed. 

Surface Management.—All patients had 
daily hydrotherapy and debridement. An- 
tibiotic coated (mafenide, sulfadiazine sil- 
ver, or sulfadiazine sodium) gauze dress- 
ings were applied following hydrotherapy 
and covered with tubular elastic net band- 
ages tailored to each digit, and the patient 
encouraged to use his hands during daily 
activities. Early tangential excision under 
ketamine anesthesia was performed dur- 
ing hydrotherapy one to four times before 
skin grafting. Grafting was done an aver- 
age of 22 days postburn. Burn wound sep- 
sis was an unusual problem (one case from 
our unit, three transferred cases). The con- 
trol of burn wound sepsis, daily aggressive 
burn wound care, early tangential excision, 
and minimizing burn to grafting time are 
considered essential to this method of 
management. 

Occupational Therapy.—Splinting with 
MPs at 90°, PIP and DIP in full extension 
with thumb in abduction and apposition 
was done within 24 hours of admission. 
Range of motion of MP joints and thumb 
was then carried out several times daily. 
Approximately five days postgrafting, pa- 
tients were started on an aggressive pro- 
gram of passive stretch to all joints in- 
volved, active exercise as range allowed, 
and resistance exercises. Patients were en- 
couraged to use their hands as much as 
possible for all activities of daily living. 
Dynamic splints (Fig 3) were used post- 
grafting for joint stiffness. Active hand 
use was encouraged. After good skin cov- 
erage was achieved, custom-fitted elastic 
pressure gloves and orthoplast inserts 
were employed as needed. Late therapy 
was continued until patient had full range 
of motion or until maximum functional 
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Fig 3.—Postgrafting. Occupational therapy consists of active and passive range of mo- 


tion, static and dynamic splints. 


level was reached. 

An excellent result was defined as hav- 
ing full range of motion, no functional dis- 
ability, and no anatomical deformities 
(contracture). A good result consisted of a 
fully functional hand with some decreased 
range of motion or insignificant deformity. 
A fair result consisted of some functional 
disability or anatomical deformity (usually 
a stiff or fused PIP joint or distal amputa- 
tions). 


Results 


In a two-year period, Jan 1, 1972, to 
Dee 31, 1973, 366 patients were ad- 
mitted to the Orange County Medical 
Center Burn Unit, and 296 patients 
were treated primarily as out- 
patients. Of these 662 patients, 195 
(30%) had some hand injury. One hun- 
dred two of these could be classed as 
minor injuries and were associated 
with patients who had minor burns 
(average 7.3%). No special hand ther- 
apy was required. Fifty-four patients 
had moderate hand injury, but could 
be successfully managed with splint- 





Fig 4.—Patient not pinned initially (seen 
before protocol initiated), but pins used at 
grafting salvaged good function. She now 
types 60 words per minute despite residual 
contracture. 
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Fig 5.—Initial internal fixation in 11-year-old boy 


with 38% third-degree burn. A, Burn wound at ten 
days and escharotomy on left forearm. B, Granulation 
bed (pins in PIP since admission three weeks earlier). 
C, MP pins placed. D, Grafts in place, hand elevated 
with traction. E,F, One week postgrafting. G,H, Nine 
months postburn. 





ing, elevation, and occupational ther- 
apy. These patients averaged 25% to- 
tal body surface burn. The remaining 
39, or 6% of the total patients seen, 
had severe burns, averaging 34% with 
an 18.0% mortality. These 39 patients 
(all those requiring skin grafting to 
the hand, late reconstruction, internal 
fixation, or specific hand therapy) 
were reviewed in detail. All but six 
had bilateral injuries, thus 72 hands 
were involved. 

Thirteen of this group of 39 pa- 
tients did not require internal fix- 
ation. With two exceptions (both with 
30% body surface area burns), these 
were minor burns, averaging 10.5% 
with no mortality. Three patients had 
extensive palmar burns, one had cau- 
salgia pain but improved with ther- 
apy. Two patients in this group had 
primary excision and grafting at 
other institutions, and all of these 
grafts were lost. Late grafting was 
successful, however. Eleven of these 
13 patients required skin grafting, all 
at about three weeks postburn. All of 
the patients in this group had excel- 
lent late results and no loss of range 
of motion or contracture. 

Nine patients had internal fixation 
performed only at the time of graft- 
ing or at late reconstructive proce- 
dures. The average percent burn in 
these cases was 27% with no deaths. 
Seven had internal fixation at the 
time of grafting (two had developed 
joint contractures by this time), and 
the remaining two patients were 
pinned at late reconstruction only. At 
least four of these patients would 
have been managed better with pri- 
mary internal fixation, had that been 
available. 

Five patients had excellent results, 
four had good results. Of the four less 
than excellent results, one patient 
had an entire hand amputated ini- 
tially, required PIP amputations of 
two digits on the remaining hand, but 
now functions well with that hand 
with excellent range of motion. An- 
other required late fusion of two PIP 
joints after extensor tendon loss and 
a contracture release of one digit. She 
now types 60 words per minute de- 
spite the residual deformity (Fig 4). 
A third patient has residual stiffness 
after pins had been left six weeks. 
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Fig 6.—This 13-year-old boy with 75% 
third-degree burn pinned ten days postburn 
on transfer to our unit. He has decreased 
range of motion but very functional hands 
and is doing well in school. 


She also required four PIP amputa- 
tions. She is not disabled, but lacks 
full range of motion. The fourth pa- 
tient had long-standing severe con- 
tractures; internal fixation was used 
during reconstruction. 

Seventeen patients had PIP im- 
mobilization with Kirschner wires 
within 24 hours of admission, follow- 
ed by MP fixation and skeletal trac- 
tion using a radius Steinmann pin at 
the time of grafting, three weeks 
later (if they survived). Eight of these 
patients died during the acute burn 
period (average percent burn, 71%). 
The average percent burn of all 17 pa- 
tients was 51%. Of the nine survivors, 
three have excellent results with full 
range of motion (Fig 5). Four have 
good results with no disability, but 
lack full range of motion (Fig 6). Two 
have fair results with stiff, straight 
PIP joints. However, a straight PIP 
joint is not a great disability, cer- 
tainly less than a flexion contracture 
in the same location. An example is 
shown in Fig 7. 


Comment 


Although a third of burn patients 
in this series received hand burns, 
only a small percentage (5.9%) were 
severe, and only about half of these 
needed other than careful convention- 
al management. Moncrief et al'' re- 
ported a 75% involvement of hands in 
the severe burn referral population at 
Brooke Army Hospital. Few series 
mention the proportion of burn pa- 
tients with hand injuries or the im- 
portant fact that patients with com- 
plicated hand burns are usually those 
with severe burns. This fact is rele- 
vant because most severe hand burns 
occur in critically ill patients. Con- 
sequently, definitive hand care is 
often deferred for hours or days dur- 
ing acute management. Temporary: 
dressings or splints are usually used 
during the critical acute phase. The 
result is that patients with a severe 
burn with hand involvement often de- 
velop joint contractures during the 
acute period. Internal fixation can be 
done easily, even in massively burned 
patients, preventing claw deformity 
and permitting full attention to re- 
suscitation. 

Kight out of 17 patients with initial 
internal fixation died. The method of 
hand management in these patients 
could not be incriminated in contrib- 
uting to a patient’s demise. Con- 
versely, if any of these eight patients 
had survived, they would not have 
had claw contractures. Survival sta- 
tistics improve each year, and with 
greater salvage, greater attention to 
preservation of hand function is es- 
sential. 

The hand management protocol de- 
scribed in this article has developed 
over the past four years in an effort to 
improve the functional result of hand 
burn patients. Initially, treatment 
consisted of traditional methods of 
splinting and elevation with or with- 
out skeletal traction and great 
energy devoted to early motion. Dis- 
appointment with this method in the 
severely burned patient led to devel- 
opment of this program. Experience 
with the use of Kirschner wires in 
grafting and reconstruction of the 
hand was borrowed for acute use. The 
program is outlined in Fig 1 through 
3. It satisfies the criteria of MP mo- 
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“ig 7.—Tais 30-year-old race car driver has functional hands (has returned to driving cars) despite 
severe burrs with loss of distal phalanx and stiff PIP joints. 
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tion, PIP immobilization, wrist mo- 
tion, and grafting only third-degree 
burns with maximum take. 
Complications of this form of man- 
agement include joint stiffness, infec- 
tion, and possible damage to growth 
centers. It was discovered that four 
weeks of immobilization is well toler- 
ated by almost all burn patients, but 
joint stiffness occurs at six weeks. On 
a few occasions, large Kirschner 
wires were used but these led to joint 
stiffness; the smallest size is suffi- 
cient. It should be mentioned that 
straight PIP joints and full range of 
motion of MP joints is better than 
PIP joint flexion contracture. Thus, 
the greater the injury and risk of 
claw deformity, the more efficacious 
this method becomes. This is true be- 
cause it very effectively prevents con- 
tracture; therefore, if a joint is 
destroyed, a functional, stable, ex- 
tended PIP results. Potential infec- 
tions at pin sites was a concern, but 
with close attention paid to wound 
care and daily hydrotherapy and de- 
bridement, this was not a problem. 
Two patients developed some drain- 
age from pin sites that stopped im- 
mediately after pin removal. Neither 
instance required premature pin re- 
moval or resulted in joint complica- 
tions. Both of these patients were 


820 Arch Surg/Vol 108, June 1974 


pinned at grafting, thus no patient 
who was pinned initially developed 
this complication. Several children 
had internal fixation, and thus far, no 
growth complications have been 
noted. 

The basic problem in the dorsal 
hand burn is contracture of skin, scar, 
and ligament and extensor tendon rup- 
ture, not skin coverage. Early inter- 
nal fixation does not allow contrac- 
ture to develop or extensor tendons to 
rupture. It carries very little risk, 
takes only a few minutes, is done in 
the burn unit, and does not interfere 
with intensive physiologic care and 
monitoring. While hand burns will 
continue to be a management prob- 
lem, it is believed that the problem of 
claw deformity can be eliminated. 


Nonproprietary Names and 
Trademarks of Drugs 


Ketamine hydrochloride—Ketaject, Keta- 
lar, Ketaset. 
Sulfadiazine silver—CF-100, Silvadene. 
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How much has her rheumatoid arthritis improved? 





swel ing of finger joints 





Grip strength— measured in millimeters of 
mercury using arclled spshvgmomanometer cuff 





Walking time — determined by the number of 
seconds required to walk 50 feet 


Site J 


Inflammation index — arrived at by ascribing 
values of 1 to 4 to degree of pain, redness, swelling, 


tenderness, and presence of joint fluid; then 
totalling five parameters 


Ascriptin helps her get the most from aspirin therapy 


When you specify Ascriptin, you’re specifying Maalox®-protected aspirin. Ascriptin 
eases joint pain, stiffness and inflammation, while guarding against aspirin-induced 
gastric distress. That means your patient is more.likely to tolerate the high dosage 


level of aspir n required to reduce arthritic 
inf anmation. Thus, the patient will stay 
with an optimal dosage over an extended 
period, hopetu ly showing greater improve- 
ment. After all, if dosage is optimal, 
charces are tnat therapeutic benefits of 
Ascriptin wil! be, too. 


In rheumatoid and osteoarthritis 


WILLIAM H. RORER, INC. | 
Fort Washington, Pa. 19034 L-E- 


the Maalox” -protected aspirin 







1. Artist's conception of cutaway view of gallbladder contain- 
ing stones which, by causing irritation of the organ’s interior 
wall and restricting biliary flow, may play a role in the re- 
peated episodes of inflammation and infection associated 
with chronic cholecystitis. 

2. Artist's conception of microscopic section of gallbladder 
wall showing chronic state with superimposition of inflam- 
mation, edema and necrosis due to an acute episode. 


A unique view of the gallbladder, from the inside looking out, 
by means of a true-to-life plastic model. 











Of View 


Vibramycin doxycycline) 
penetrates gallbladder tissue to 
reach susceptible pathogens 


Vibramycin can be useful in 
cholecystitis because it provides a wide 
antibacterial spectrum and therapeutic 
tissue concentrations: Vibramycin 

is active against susceptible'strains 








| Concentrations of oral Vibramycin in gallbladder tissue | of bacteria 
| removed from four surgical patients on a dosage of 
|200 mg. P.O. stat and 100 mg. P.O. once daily until surgery. 
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‘including Escherichia 














Patient Concentration in Tissue coli and F ntero- 

No. (mceg./Gm.) Pury ERAY eN 

] 5.808 _bacter aerogenes 

£ bes (formerly Aerobacter 
A We SRN, | aerogenes). 








1. Because not all strains of pathogens are susceptible, it is recommended 
that routine culture and susceptibility tests be performed. 

2. Fabre, J. et al.: Schweiz. Med. Wochenschr. 97:915, May 17, 1967. 

3. Concentration in the bile taken simultaneously: 24.2 mcg./ml. 


VibramyciniVy. 


(doxycycline hyclate for injection) 


100-mg. vials containing doxycycline hyclate equivalent 
to 100 moa. doxycycline with 480 mg. ascorbic acid 
200-mg. vials containing doxycycline hyclate equivalent 
to 200 ma. doxycycline with 960 mg. ascorbic acid 
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See Brief Summary on following page for information on side effects and contraindications. 


œn trat_stissu_tor_ach 
susceptible pathogens... 








VibramycinlV. 


(doxycycline hyclate for injection) 


100-mg. vials containing doxycycline hyclate equivalent 
to 100 mg doxycycline with 480 mg. ascorbic acid 
200-mg. vials 


to 200 mg. doxycycline with 960 mg. ascorbic acid 


containing doxycycline hyclate equivalent 


Important facts about 
Vibramycin (doxycycline) 


= can maintain therapeutic blood 
levels with a single daily infusion 


= can be used without complexities 
of dosage alteration in patients with 
impaired renal function 


= does not significantly elevate BUN 
in patients with renal insufficiency 


€" virtually the same broad range 
of indications when switching from 
I.V. to oral form 


*Because not all strains of pathogens are susceptible, it is recommended that routine culture 
and susceptibility tests be performed. 


Vibramycin™ Hyclate (doxycycline hyclate) and 

Vibramycin® I.V. (doxycycline hyclate for injection) 

BRIEF SUMMARY 

Contraindicated: In persons hypersensitive to any of the tetracyclines. 

Warnings: Use of tetracyclines during the last half of pregnancy, infancy and childhood to 
the age of 8 years may cause permanent discoloration of developing teeth. This is more 
common during long-term use of the tetracyclines but has been observed following repeated 
short-term courses. Enamel hypoplasia has also been reported. Thus, tetracyclines should 





contraindicated. Individuals receiving tetracycline antibiotics should be advised that direct 
sunlight or ultraviolet light can cause photosensitivity reactions. If these reactions 
(exaggerated sunburn) occur, discontinue therapy. Doxycycline forms a stable calcium 
complex in any bone-forming tissue. Fibula growth has been decreased in prematures given 
oral tetracyclines 25 mg./kg. q. 6 h., but this reaction was reversible when the drug 

was discontinued. 

The antianabolic action of the tetracyclines may cause an increase in BUN. Studies to date 
indicate that this does not occur to a significant degree with the use of Vibramycin in 
patients with impaired renal function. 

Vibramycin Intravenous has not been studied in pregnant patients. It should not be used 
in pregnant women unless, in the judgment of the physician, it is essential for the welfare of 
the patient. 

Animal studies indicate that tetracyclines cross the placenta, are found in fetal tissues and 
can have toxic effects on the developing fetus. Evidence of embryotoxicity has also been 
noted in animals treated early in pregnancy. 

The use of Vibramycin Intravenous in children under 8 years is not recommended because 
safe conditions for its use have not been established. 

Tetracyclines are present in the milk of lactating women who are taking a drug in this class. 





— 


Precautions: Overgrowth of nonsusceptible organisms may occur, including fungi. If such 
superinfections are encountered, discontinue Vibramycin and institute appropriate therapy. 

In venereal disease when coexistent syphilis is suspected, a dark-field examination should 
be done before initiating therapy. Conduct monthly serological tests for at least 4 months. 

Because tetracyclines depress plasma prothrombin activity, patients on anticoagulant 
therapy may require downward adjustment of their anticoagulant dosage. 

In long-term therapy, conduct periodic laboratory evaluation of organ systems, including 
hematopoietic, renal and hepatic. 

Treat all Group A beta-hemolytic streptococcal infections for at least 10 days. 

Avoid giving doxycycline with penicillin because of possible interference with penicillin 
activity. 

Antacids containing aluminum, calcium, or magnesium impair absorption and should not 
be given concomitantly to patients taking oral Vibramycin. 


Adverse Reactions: Anorexia, nausea, vomiting, diarrhea, glossitis, dysphagia, enterocolitis, 
inflammatory lesions (with monilial overgrowth) in the anogenital region, maculopapular 
and erythematous rashes, exfoliative dermatitis, photosensitivity, urticaria, angioneurotic 
edema, anaphylaxis, anaphylactoid purpura, pericarditis, exacerbation of systemic lupus 
erythematosus, hemolytic anemia, thrombocytopenia, neutropenia and eosinophilia have 
been reported. Prolonged administration of tetracyclines may produce brown-black 
microscopic discoloration of thyroid glands. No abnormalities of thyroid function studies 

are known to occur. Bulging fontanels have been reported in young infants on therapeutic 
dosage but disappeared when the drug was discontinued. A dose-related rise in BUN has 
been reported. 


Oral Adult and Children’s Dosages: See the Vibramycin Oral package insert for 
recommended dosage schedules for adults and children. 


Intravenous Dosage and Administration: Note: Rapid administration is to be avoided. 
Parenteral therapy is indicated only when oral therapy is not indicated. Oral therapy should 
be instituted as soon as possible. If intravenous therapy is given over prolonged periods of 
time, thrombophlebitis may result. 

The usual dosage and frequency of administration of Vibramycin I.V. (100-200 mg./day) 
differs from that of the other tetracyclines ( 1-2 Gm./day). Exceeding the recommended 
dosage may result in an increased incidence of side effects. 

Studies to date have indicated that Vibramycin, at the usual recommended doses, does not 
lead to excessive accumulation of the antibiotic in patients with renal impairment. 


Intravenous Adult Dosage: The usual dosage of Vibramycin 1.V. is 200 mg. on the first day 
of treatment administered in one or two infusions. Subsequent daily dosage is 100 to 
200 mg. depending on the severity of infection, with 200 mg. administered in one or two 
infusions. 

In the treatment of primary and secondary syphilis, the recommended dosage is 300 mg. 
daily for at least 10 days. 


Intravenous Children’s Dosage: The recommended dosage schedule for children weighing 
100 pounds or less is 2 mg./|b. of body weight on the first day of treatment, administered in 
one or two infusions. Subsequent daily dosage is 1 to 2 mg./Ib. of body weight given as one 
or two infusions, depending on the severity of the infection. For children over 100 pounds 
the usual adult dose should be used. (See “Warning” Section for Usage in Children.) 


General: The duration of infusion may vary with the dose (100 to 200 mg. per day), but is 
usually one to four hours. A recommended minimum infusion time for 100 mg. of a 

0.5 mg./ml. solution is one hour. Desired concentrations of the final solution should be 

0.2 mg./ml. to 0.5 mg./ml. Concentrations below 0.1 mg./ml. or above 1.0 mg./ml. are not 
recommended. Therapy should be continued for at least 24-48 hours after symptoms and 
fever have subsided. The therapeutic antibacterial serum activity will usually persist for 

24 hours following recommended dosage. 

Intravenous solutions should not be injected intramuscularly nor subcutaneously. Caution 
should be taken to avoid the inadvertent introduction of the intravenous solution into the 
adjacent soft tissue. 

More detailed professional information available on request. 
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Rapid and Accurate Preoperative 


Diagnosis of Obstructive Jaundice 


Utilization of Visceral Angiography 
and Transhepatic Cholangiography 


Marvin S. Kaplan, MD; George L. Juler, MD; William Stanton, MD; Jack I. Eisenman, MD, Irvine, Calif 


The usual laboratory and roentgen- 
ographec procedures for evaluating patients 
with obstructive jaurdice frequently do not 
identify the cause as benign or malignant or 
its exact location. Current practice is to de- 
termine this at laparotomy. In an attempt to 
improve this situation, both percutaneous 
transhepatic cholangiography (PTC) and se- 
lective visceral angiography (SVA) were per- 
formec prior to surgery in 25 patients. 

Results showed that individually SVA was 
diagnostic preoperatvely ir 60% of the pa- 
tients and PTC in 76% of the patients; how- 
ever, the combination of the two was diag- 
nostic in 96% of the patierts. 

Combination studies accurately predicted 
the camse in all 19 patients found to have a 
malignant tumor at laparotemy, although in- 
dividual studies separately were positive in 
72% using SVA and 83% using PTC. 
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he usual laboratory and roent- 
genographic tests employed in 
the evaluation of patients with ob- 
structive jaundice frequently do not 
identify the cause as benign or malig- 
nant or determine the exact location 
of the obstruction. These studies are 
time consuming and have a low yield 
of accurate information. In the past, 
at the Veterans Administration Hos- 
pital, Long Beach (LBV AH), such pa- 
tients have undergone laparotomy to 
establish a definitive diagnosis by ex- 
ploration and appropriate biopsy 
prior to undertaking any corrective 
procedure. This approach to the prob- 
lem frequently has resulted in pro- 
longed operative time, increasing the 
risk of morbidity and mortality, and 
occasionally has failed to reveal the 
site and cause of the obstruction. 
In an attempt to obtain sufficient 
information to make a more precise 
preoperative diagnosis in the shortest 


possible time, 25 patients with ob- | 


structive jaundice were evaluated 
first by selective visceral angiography 
(SVA) and then by percutaneous 
transhepatic cholangiography (PTC). 


Materials and Methods 


Between May 1970 and September 1973, 
25 patients with obstructive jaundice, who 
were referred to the Surgical Service of 


the LBVAH for exploration, were studied. 
All patients were men ranging in age from 
44 years to 84 years, with an average age 
of 60.5 years. 

Using the automated colorimetric deter- 
mination device, alkaline phosphatase, se- 
rum glutamic oxaloacetic transaminase 


(SGOT), and total bilirubin determinations — 


were obtained on all patients. Of the 25 pa- 
tients, 24 had upper gastrointestinal tract 


barium studies, 13 had barium enemas, 18 


had liver scans, using Gold Au 198, and 
five had either oral or intravenous cho- 
langiography or both. 

Visceral angiography was performed by 
catheterizing the femoral or axillary ar- 
tery using the Seldinger technique.’ The 
abdominal aortogram was performed, fol- 
lowed by selective catheterization of the 
celiac and superior mesenteric arteries. 
Thirty-five to 60 ml of a mixture of diatri- 
zoate sodium and diatrizoate meglumine 
(Renografin 76) were injected at the rate 
of 8 ml/sec. X-ray films were made over a 
25-second interval. 

Percutaneous transhepatie cholangiogra- 
phy was performed by introducing, under 
fluoroscope control, a 20.3-cm, 18-gauge 
Teflon-sheathed needle into the liver 2.5 cm 
below and 2.5 cm to the right of the infe- 
rior aspect of the zyphoid.* Respiration 
was suspended, and the needle advanced 
approximately 10 cm toward the right 
shoulder at an angle of 45° with the hori- 
zontal. The steel needle was removed, and 
the remaining Teflon sheath attached to a 
plastic connecting tube filled with 60% Re- 
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Fig 1.—Top, Late venous phase of SVA 
showing dilated intrahepatic biliary ducts 
(arrows) in patients with intrahepatic biliary 
carcinoma (case 1). Bottom, PTC in patient 
with intrahepatic biliary carcinoma showing 
complete obstruction of right hepatic duct 
at bifurcation of hepatic duct (arrow) (case 
1). 


nografin. As the Teflon sheath was with- 
drawn, the Renografin was slowly injected 
and observed on the television monitor. 
When contrast material entered the he- 
patic ducts, an attempt was made to aspi- 
rate bile. If this was not successful, injec- 
tion of contrast into the bile duct was 
completed without aspiration. Twenty to 
40 ml of Renografin 60 was injected. Care 
was taken to ensure filling at the level of 
obstruction. When contrast material failed 
to pass beyond any portion of the biliary 
ductal system, additional dye was injected, 
the patient was positioned in the semierect 
position, and delayed x-ray films over a pe- 
riod of half an hour to an hour were made. 
In most instances, the Teflon-sheathed 
catheter was removed prior to termination 
of the procedure. This procedure was done 
immediately prior to a scheduled lap- 
arotomy. Interpretation of the SVA and 
PTC studies was completed prior to lap- 
arotomy. (Informed consent for these in- 
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Fig 2.—Top, SVA showing medial dis- 
placement of gastroduodenal artery (arrow) 
in patient with ampullary carcinoma (case 
2). Bottom, PTC showing complete obstruc- 
tion of common bile duct at ampulla of Va- 
ter (arrow) by ampullary carcinoma (case 
2). 


vestigated procedures was obtained after 
the nature of the procedures had been fully 
explained.) 


Results 


The results of the automated color- 
imetric determination were consis- 
tent with obstructive jaundice in the 
patients in the study. Total bilirubin 
levels ranged from 2.0 to 23.1 mg/100 
ml (normal, 1.0 mg/100 ml). Alkaline 
phosphatase levels ranged from 23 to 
1,750 milliunits/ml (normal, 75 milli- 
units/ml), and SGOT levels ranged 
from 40 to 375 milliunits/ml (normal, 
50 milliunits/ml). Of the 24 upper 
gastrointestinal tract examinations, 
eight suggested the correct diagnosis. 
Of the 12 barium enemas done, only 
one was useful; three of the 18 liver 
scans were helpful; and one intra- 





Fig 3.—Top, SVA showing anomalous 
right hepatic artery displaced (arrows) by 
mass in patient with pancreatic carcinoma 
(case 3). Bottom, PTC showing irregular ob- 
struction in distal common bile duct (ar- 
rows) from pancreatic carcinoma (case 3). 


venous cholangiogram showed a be- 
nign stricture of the common bile 
duct. 

Selective visceral angiography sug- 
gested the correct diagnosis in one of 
six patients (17%) with benign dis- 
ease and in 14 of 19 patients (74%) 
with malignant neoplasms. Sixty per- 
cent of all patients were correctly 
diagnosed by the SVA study alone. 
Percutaneous transhepatic cholangi- 
ography indicated the correct diag- 
nosis in 19 of 25 patients (76%), in- 
cluding the 14 of 19 patients (74%) 
with malignant neoplasms and the 
five of six patients (83%) with benign 
lesions. The combination of both SVA 
and PTC suggested the correct diag- 
nosis in 24 of 25 patients (96%) pre- 
operatively. One patient with a ma- 
lignant neoplasm was incorrectly 
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diagnosed as having a benign lesion. 

At laparotomy, 19 patients were 
found to have malignant lesions and 
six patients were founc te have be- 
nign lesions. The malignant lesions 
included three upper bie duct carci- 
nomas. two middle-third bile duct car- 
cinomas, six ampullary carcinomas, 
and eight pancreatic carcinomas. Be- 
nign lesions included zwo common 
duct stones, two distal eommon duct 
strictures, one pancreatic pseudocyst, 
and one case of pancreatitis. 

The following five cases are pre- 
sented to demonstrate the usefulness 
of SVA and PTC in establishment of 
an accurate diagnosis im obstructive 
jaundice patients. Certain unique 
roentgenographie features found in 
the SVA and PTC studies are to be 
discussed in more Getail in a separate 
publication. 


Report of Cases 


Case 1.-A 44year-old man was ad- 
mitted tə LBV AH in July 1970 with a two- 
month history of jaundice. Initial diagnos- 
tie procedures included a normal upper 
gastrointestinal tract barium swallow and 
a normal celiac angiogram: Exploratory 
laparotomy revealed no extrabiliary ob- 
struction. A liver biopsy specimen was re- 
ported on frozen section as showing “hepa- 
titis.” One year later, in August 1971, the 
patient was restudied because his jaundice 
had not eleared. The second SVA revealed 
dilated bile ducts in the late venous phase 
(Fig 1, top). Percutaneous transhepatic 
cholangiegraphy revealed a complete in- 
trahepatic obstruction at the junction of 
the right and left hepatic ducts. Inter- 
pretation of these x-ray films as indicating 
the presence of a carcinoma of the upper 
part of the bile duct wes based on the char- 
acteristic funnel-shaped cutoT of the right 
hepatic duct on PTC ‘Fig 1, bottom) and 
the massively dilated intrahepatic bile 
ducts on SVA indicatirg complete obstruc- 
tion. A biliary stone in this location does 
not produce these findings. The diagnosis 
of carcinema of the upper third of the bile 
duct was confirmed at surgery. Palliative 
drainage was accomplshed. 

CasE 2.—A 58year-old man was ad- 
mitted on Dec 16, 1971, with a three-week 
history of jaundice. Results o? physical ex- 
amination revealed icterus and an epigas- 
tric mass. An upper gastrointestinal tract 
series was normal. Celiac angiogram 
showed a mass lesion in the right upper 
quadrant as evidenced by medical dis- 
placement of the gascroduodenal artery 
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Fig 4.—Left, SVA showing no abnormal vascular pattern or characteristics in patient with 





<a 


chronic pancreatitis (case 4). Right, PTC showing elongated, smooth stenotic distal com- 
mon bile duct (arrows) caused by pancreatitis (case 4). 





Fig 5.—Left, SVA lateral view showing displacement of celiac and superior mesenteric ar- 
teries (arrows) by pancreatic pseudocyst (case 5). Right, PTC showing enlargement of gall- 
bladder (GB) and effacement of distal common bile duct (arrows) by pancreatic pseudocyst 
(case 5). 


(Fig 2, top). Percutaneous transhepatic 
cholangiography showed complete obstruc- 
tion of the common bile duct near the am- 
pulla of Vater (Fig 2, bottom). The basis 
for predicting a diagnosis of ampullary 
carcinoma was the massively distended 
gallbladder and the sharp cutoff sign on 
PTC, combined with the displacement and 
irregular arterial pattern of the gastro- 
duodenal artery on SVA. The preoperative 
diagnosis of ampullary carcinoma was con- 
firmed at surgery and a pancreaticoduo- 


denal resection was done. 

CASE 3.—A 59-year-old man was ad- 
mitted on July 24, 1971, with a four-day 
history of increasing jaundice and a 13.6- 
kg (30-lb) weight loss. Results of physical 
examination showed an icteric man with a 
vague epigastric mass. The upper gas- 
trointestinal tract series was normal. An- 
giography showed an anomolous origin of 
the right hepatic artery that appeared to 
be atypically displaced by a mass in the 
area of the head of the pancreas (Fig 3, 
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top). Percutaneous transhepatic cholangi- 
ography showed an obstructing lesion with 
irregular edges in the area of the distal 
end of the common bile duct with dilation 
of the proximal part of bile ducts and bili- 
ary radicals (Fig 3, bottom). On the basis 
of the combined studies, a preoperative 
diagnosis of carcinoma of the head of the 
pancreas was made. This lesion was found 
at operation and a T-tube was placed for 
biliary decompression. 

CAsE 4.—A 51-year-old patient was ad- 
mitted with abdominal pain and emesis on 
Dee 6, 1972. Icterus and hepatomegaly 
were noted. Initial treatment was for 
“acute pancreatitis.” An upper gastroin- 
testinal tract series suggested an extrinsic 
mass effacing the second portion of the 
duodenum. An oral cholangiogram showed 
nonvisualization of the gallbladder. An 
intravenous cholangiogram revealed a di- 
lated common bile duct. The celiac angio- 
gram was normal (Fig 4, left). Per- 
cutaneous transhepatic cholangiography 
revealed a long, smooth stenotic segment 
of distal part of the common bile duct with 
proximal dilation and dye entering the 
duodenum (Fig 4, right). The hepatic ducts 
and gallbladder appeared to be normal. 
The normal SVA was consistent with be- 
nign disease. Percutaneous transhepatic 
cholangiography was consistent with a be- 
nign stricture of the common duct because 
of the length of the stricture and the 
normal appearance of the ampulla. This 
stricture was demonstrated at surgery, 
and the patient underwent a Roux-En-Y 
choledochojejunostomy. The cause of the 
stricture was due to pancreatitis. 

CASE 5.—A 58-year-old man was ad- 
mitted on April 8, 1971, with a 30-day his- 
tory of jaundice. The patient was previ- 
ously hospitalized at another hospital 
where a liver biopsy showed hepatocellular 
disease. On abdominal examination, a sug- 
gestion of epigastric fullness was noted. 
An upper gastrointestinal tract series 
showed a duodenal ulcer. Selective visceral 
angiography showed superior displace- 
ment of the celiac artery and inferior dis- 
placement of the superior mesenteric 
artery by a large mass in the area of the 
pancreas, with no evidence of neovascu- 
larity or encasement of the vessels (Fig 5, 
left). Percutaneous transhepatic cholangi- 
ography demonstrated an enlargement of 
the gallbladder and effacement of the com- 
mon bile duct by an extrinsic mass (Fig 5, 
right). The distal part of the common bile 
duct showed fusiform narrowing with dye 
entering the duodenum. Selective visceral 
angiography and PTC together were con- 
sistent with a diagnosis of pancreatic 
pseudocyst. This was found at surgery, 
and the patient had a cystduodenostomy. 
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(Contrast these SVA and PTC findings 
with case 3 representing pancreatic carci- 
noma.) 


Comment 


Although PTC** and SVA*’ have 
been used separately to study pa- 
tients with obstructive jaundice, the 
combined use of these two modalities 
has been reported infrequently." 
The majority of reports using this 
combined approach are from the Uni- 
versity Hospital, Lund, Sweden. 

Each of these procedures has its in- 
dividual usefulness. Selective celiac 
angiography can demonstrate encase- 
ment or narrowing of the celiac 
vasculature, neovascularity, dis- 
placement of normal vasculature, 
anomalous vascular patterns, dilated 
bile ducts, and enlargement of the 
gallbladder in patients with malig- 
nant tumors. Percutaneous trans- 
hepatic cholangiography identifies 
the site of the biliary tract obstruc- 
tion and suggests whether the ob- 
struction is benign or malignant. 

The routine use of SVA and PTC is 
a matter of some concern because of 
the calculated risk of morbidity, but 
in our experience this has not been a 
great problem. We believe that the 
advantages of these procedures out- 
weigh the disadvantages since dem- 
onstration of the exact location and 
cause of the lesion will avoid many 
distressing situations at laparotomy, 
such as (1) completely missing a ma- 
lignant tumor, (2) prolonged search 
for a suspected tumor, and (3) dis- 
covery of a malignant tumor when 
not expected. 

Case 1 is an example of a missed 
diagnosis at surgery because SVA 
and PTC were not done prior to the 
first laparotomy. The gallbladder and 
common bile duct appeared to be nor- 
mal, and a liver biopsy was reported 
as acute hepatitis rather than early 
biliary cirrhosis. Therefore, no fur- 
ther search was made until a year 
later when SVA and PTC identified 
the malignant tumor at the junction 
of the right and left hepatic ducts. 

Prior to our use of these diagnostic 
techniques, we have experienced on 
several occasions a prolonged oper- 
ative search requiring several hours 
in order to identify the exact location 
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of the biliary obstruction and its 
cause. The lesions most difficult to lo- 
cate are those in the upper biliary 
ductal system, especially intrahepatic 
lesions. Since we require a positive 
histologic diagnosis of malignancy 
before performing a major organ re- 
section, a prior knowledge of the like- 
lihood of such a lesion and its location 
has resulted in the rapid accom- 
plishment of this requirement. 

The use of these two procedures 
helps to eliminate the situation where 
unsuspected malignant neoplasms 
that require major resections are en- 
countered at laparotomy. Experi- 
enced surgeons recognize the possi- 
bility of a hepatobiliary-pancreatic 
resection in any patient with obstruc- 
tive jaundice, but prior knowledge of 
the need for such an operation is valu- 
able in planning the proper proce- 
dure. 

We believe that these two diagnos- 
tic procedures should be performed 
preoperatively in all patients with ob- 
structive jaundice in order to rapidly 
assess the cause and site of the le- 
sions in the shortest possible time. By 
planning the correct operative ap- 
proach prior to laparotomy, the oper- 
ating time can be reduced, therefore 
lessening the morbidity and mortal- 
ity in these high-risk patients. 

The patients studied in this report 
were hospitalized an average of 49 
days prior to surgery. An average of 
19 days elapsed from the time of or- 
dering SVA and PTC to the time of 
surgery. This lengthy hospital stay 
indicates the necessity for more rapid 
methods of diagnosis. It is the pur- 
pose of this article to show that a 
more accurate and rapid preoperative 
diagnosis can be made. Since this is a 
pilot study, there were instances 
when the coordination of roentgen- 
ographic procedures and surgery re- 
sulted in some prolongation of the 
hospital stay. However, seven of the 
patients were studied with angio- 
grams and PTC within ten days of 
our initial consultation. With the rec- 
ognition of the value of these proce- 
dures, we used them more frequently | 
and obtained them more rapidly with 
the result that the hospital stay was 
shortened considerably. 

Other modalities have been eval- 
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uated for their usefulaess in this 
problem." Hypotonic duodenogra- 
phy is actually a refinement of the up- 
per gastrointestinal raet study, 
which we recommend dbing. Trans- 
venous transhepatic chongiography 
is another means cf obtaining a cho- 
langiogram, and is indicated if there 
is a risk of hemorrhage in using the 
percutaneous route. We aave utilized 
this method occasicnally. Peroral ret- 
rograde cholangiography and pan- 
ereatography can ke helpful, but one 
of our patients developed septic shock 
when this route was used. Our experi- 
ence is limited, however. and we be- 
lieve that it should be further eval- 
uated. Peritoneoscepy is indicated in 
differentiating obstructive <rom par- 
enchymal jaundice, but if a lap- 
arotomy is probable, we do not feel 
that it is appropriate. Echography ap- 
plied to this problem may be indi- 
eated and should be evaluated. 

Our study has shown that the com- 
bination of these two diaznostic pro- 
eedures permits a highly accurate 
preoperative diagnosis. The accuracy 
of these studies eontrasts sharply 
with the low yield cf infarmation ob- 
tained from the chemical profiles, up- 
per gastrointestinal tract series, bar- 
jum enema, and liver scars. Based on 
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our experience we recommend the fol- 
lowing tests be done on patients with 
obstructive jaundice: automated col- 
orimetric determinations, liver scan, 
and upper gastrointestinal tract 
series as the only preliminary tests 
before SVA and PTC are obtained. 


Nonproprietary Name and 
Trademarks of Drug 


Gold Au 198—Aurcoloid-198, Awreotope, 
Auroscan-198. 
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Hematologic Integrity After 


Intraoperative Allotransfusion 


Comparison With Bank Blood 


= Roy K. Aaron, MD; Robert M. Beazley, MD; 


Lttecpsrative RESA REN ZA is a possible 
therapeutic alternative to the infusion of 


large amounts of bank blood. We have com- 
-pared blood collected intraoperatively by this 


technique with bank blood given during sur- 
gery. High degrees of microaggregation 
were found in blood from both sources. 
Marked hemolysis and loss of red cell mass 
were encountered in allotransfused blood. 
Bank blood was very acidotic, while a com- 
pensated alkalosis of lesser severity was 
found in allotransfused blood. We present a 


technique of regional anticoagulation and 
discuss the rate of surgical blood loss on the 


chemical and morphologic integrity of blood 
collected by allotransfusion. s 


es ; rei 


} 


amounts of stored bank blood 
has, at times, been attended by com- 
plications including serum hepatitis, 
autosensitization to erythrocyte, leu- 
kocyte, and platelet antigens, and 
poor red blood cell survival. Blood 
stored by conventional means has 
been shown prior to expiration to con- 
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tain substantial amounts of particu- 
late leukocyte, platelet, and fibrin 
aggregates greater than 20u in 
diameter as well as increased levels of 
vasoactive polypeptides.*? These 
agents are known to cause reaction of 
the sensitive pulmonary microcircu- 


lation leading to elevated pulmonary 


vascular resistance and pulmonary 
hypertension.?* Large infusions of 
bank blood have been implicated in 
the cause of postperfusion or post- 


traumatic pulmonary insufficiency.*” 
ee 


_ For Editorial Comment See Page 761 


a pae ws PS 
Intraoperative allotransfusion has 


been advanced intermittently for 
many years as an alternative to the 
administration of large amounts of 
bank blood.: Clinical studies have 
shown it to be effective in restoring 
blood volume in anticoagulated pa- 
tients, but the therapeutic index has 
been incompletely defined.** Serial 
postoperative study of the hema- 
tologic changes in recipients of allo- 
transfused blood has been compli- 
cated by the acute phase reactivity of 
white blood cells, platelets, and fi- 
brinogen. Curiously, there is a dearth 
of experimental studies describing 
changes either in the recirculated 
blood or in the physiology of the re- 
cipient under conditions resembling 
those encountered clinically. We have 
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recently reported the changes in pul- 
monary function in normocoagulative 
dogs who had been subjected to in- 


_ traoperative allotransfusion of two to 


three times their blood volume. How- 
ever, we cautioned that this experi- 
mental situation was applicable only 
to those clinical instances where 
rapid, massive, fresh blood loss is oc- 
curring, on the order of magnitude of 
5 ml/kg/min. 

Earlier studies have shown that the 
composition and structure of blood 
collected by allotransfusion will vary 
with the conditions under which the 
blood is collected.™ In evaluating in- 
traoperative allotransfusion for clini- 
cal use, we have undertaken to de- 
scribe the chemical and morphologic 
changes resulting from the collection 
of blood by this technique under ac- 
tual operative conditions, and to com- 
pare it with those present in blood ob- 


tained from our blood bank as it was 


given to patients intraoperatively. In 
doing so, we present a technique for 
regional anticoagulation and evaluate 
the need for systemic heparinization. 
We have also sought to define a limi- 
tation of intraoperative allotransfu- 
sion in terms of the rate of surgical 
blood loss during which the use of this 
technique is suitable. 


Materials and Methods 


The device used in this study is a modi- 
fied autotransfusion unit and a standard 
roller pump (Fig 1). This unit consists es- 
sentially of a 1,500-ml fluid reservoir and 
polyvinyl chloride afferent and efferent 


connecting tubing. The reservoir contains 


a nylon mesh of 125u pore size that is 
designed to function both as a filter for mi- 


_ eroemboli and as a bubble trap. The suc- 


tion device was designed by one of us 
(G.C.R.) in this laboratory (Fig 2). The suc- 
tion tip is enclosed in a cage comprised of 
vertical slots, permitting aspiration of 
pooled blood without occlusion of the tip by 
tissue or fibrin. The suction device provides 
a method of regional anticoagulation by 
means of the Venturi principle. The vac- 
uum created as the aspirated blood passes 
through a metering Venturi device en- 
closed in the suction handle draws heparin 
sodium into the mixing chamber. At blood 
flow rates of 200 to 2,000 ml/minute, hepa- 
rin is added at a rate of 30 ml/liter of 
blood. This technique obviates the neces- 
sity for systemic or peritoneal hepariniza- 
tion of the patient that may compromise 
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Fig 1.—Allotransfusion device. 





Index Factor 
Hemoglobin, gm/100 ml* 
Hematocrit, % cu mm* 

RBC, cells/cu mm X 106* 
WBC, cells/cu mm X 103 
Platelets, cells/cu mm X 103t 
Free hemoglobin, mg/100 ml* 
Screen filtration pressure, mm Hg 
pH* 

Po, mm Hg* 

Pco,, mm Hg* 

Na+, mEq /liter* 

K+, mEq/litert 

Cl-, mEq/liter* 

CO,, mEq/liter* 

Ca**, mEq/liter* 

SGOT, units* 


PLOT. 
T P<.05. 
ł P <.02. 


Comparison of Bank and Allotransfused Blood 





Allotransfused Bank 
(10 Units) (10 Units) 

6.3=1.1 16+3.5 
17+33 46.5+10.5 
2.0+0.4 5.0512 
3.4+1.3 §.3+2.3 
348+141 149+78 
1,000+625 13.3+10.8 
200+ 170+ 
7.72+0.18 6.63+0.06 
160+17 50+25 
8.5+4 158+68 
136+5 162+6 
6.81.9 12.6+4.6 


123+5 
6+1 
2.50.4 
128+74 


76+9 
112 
4.5+0.2 
14+4 


SGPT, units 14+6 Liss 
LDH, units* 1,605+718 299+146 
CPK, unitst 1,073+983 96+27 
Direct bilirubin, mg/100 ml* 0.4+0.1 0.06+0.02 
Total bilirubin, mg/100 mit 0.7+0.2 0.41+0.13 
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Fig 3.—Comparison of electrolyte concentrations. 
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Fig 4.—Comparison of serum enzymes. Serum glutamic oxa- 
loacetic transaminase, SGOT; serum glutamic pyruvic transami- 
nase, SGPT; lactic dehydrogenase, LDH; and creatinine phos- 
phokinase, CPK. 
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Fig 5.—Comparison of cellular integrity, hemoglobin level, and hematocrit reading. 


Fig 6.—Comparison of pH and gas tensions. 
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surgical hemostasis in procedures involv- 
ing substantial soft tissue dissections or 
trauma. Design modifications allow for 
protamine addition to the venous return 
line or storage of the anticoagulated blood 
in conventional plastic blood packs. The 
latter alternative was used in this study. 

Twenty units of blood were studied. To 
evaluate the function of the allotrans- 
fusion technique under actual operating 
room conditions, 10 units of blood were col- 
lected during major operative procedures 
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at the National Cancer Institute and were 
compared to 10 units of bank blood. Pa- 
tients were selected for this study who 
were expected to lose a substantial amount 
of blood within a two-hour period, but in 
whom a sudden massive blood loss was not 
anticipated. The patients all underwent ei- 
ther radical hysterectomy or total pelvic 
exenteration as indicated treatment for 
carcinoma of the cervix. The suction tip 
was cleaned and sterilized by the operating 
room staff according to conventional oper- 


ating room procedures. It was used as an 
adjunct to the usual operative suction tips 
during periods of large blood loss. The ex- 
tent of usage of the suction device was at 
the discretion of the operating surgeons. 

Aspiration of blood with the allotransfu- 
sion device was generally begun with the 
commencement of removal of the surgical 
specimen. The operating time elapsed 
prior to this point averaged about two 
hours. Depending on the rate of blood loss, 
the collection period varied from one to 
two hours. Two units of blood were aspi- 
rated from the operative wound of each 
patient and collected in plastic blood packs. 
They were compared to samples of 10 units 
of bank blood taken as the blood was ad- 
ministered intraoperatively. The mean age 
of the bank units studied was 9.7 days, 
with a range of 4 to 15 days and a median 
of nine days. All blood was filtered with a 
standard blood administration filter prior 
to study. 

All blood studies were performed by the 
clinical laboratories of the National Insti- 
tutes of Health. Screen filtration pressure 
as a measure of microaggregate formation 
was determined in our laboratory with a 
20 screen as described by Swank et al.” 
The integrity of formed blood elements 
was examined by performing hemoglobin 
and hematocrit determinations and eryth- 
rocyte, leukocyte, and platelet counts. Se- 
rum electrolyte levels were measured and 
the pH and oxygen and carbon dioxide ten- 
sions were recorded. The levels of serum 
enzymes, serum glutamic oxaloacetic 
transaminase (SGOT), serum glutamic 
pyruvic transaminase (SGPT), lactic dehy- 
drogenase (LDH), and creatine phosphoki- 
nase (CPK) were determined. In addition, 
assays were performed for serum-free he- 
moglobin and direct and indirect bilirubin. 


Results 


In all cases, the suction tip func- 
tioned well, without interfering with 
the operative procedure. Fibrin and 
tissue fragments did deposit on the 
cage surrounding the suction tip but 
were easily removed by the operative 
nurse. The cage prevented occlusion 
of the tip by solid material. Operative 
blood loss recovered with allotransfu- 
sion approximated 800 to 1,000 ml, far 
below the capacity of the pump de- 
vice. As a result, there was consid- 
erable foaming and sloshing within 
the perfusion tubing leading to a high 
degree of blood air interfacing. 

Hematologic and chemical data on 
all patients from whom allotrans- 
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fused samples were taken were nor- 
mal at the time of surgery. The Table 
compares the mean values found in 
bank end allotransfused blood. The 
mean s2rum sodium level of allotrans- 
fused Hood was within normal range. 
The sodium level of bank blood was 
elevated beyond normal and was sig- 
nificantly different from that of allo- 
transfused blood (P<.01). Potassium 
levels were elevated in both samples 
but were significantly greater in 
bank bbod (P<.02). In view of the ex- 
tensive hemolysis that occurred in 
blood subjected to allotransfusion, the 
potassiam elevation is not as great as 
might be expected. This may have 
been dre to potassium loss by adsorp- 
tion to the perfusion tubing or to the 
elevatien of pH. Serum potassium 
levels are diminished by about 0.6 
mEq fer each 0.1 unit rise in pH. 
Mean cnioride levels flanked the high 
and low limits of normal and were 
significantly different from each 
other (P<.01). Figure 3 compares the 
values in the two sample populations. 

The iemogiebin level, hematocrit 
reading, and red blood cell count of 
bank blod were all within the normal 
range but were markedly low in allo- 
transfused blood (P<.01). The 
marked elevation in allotransfused 
blood of plasma-free hemoglobin as 
well as the change in serum enzymes 
suggest that the loss of red cell mass 
is due to hemolysis. With the excep- 
tion of a slight elevation of CPK, 
these enzymes were norma! in bank 
blood @ig 4). The mean platelet 
eounts of bank and allotransfused 
blood were significantly different 
from each other (P<.05), although 
they were both essentially within 
normal limits. The mean leukocyte 
count of bank blood was normal. That 
of allotransfused blood was dimin- 
ished bdow the normal range but was 
not significantly different from the 
mean benk sample. The screen filtra- 
tion pressures ef both series of sam- 
ples were elevated, suggesting for- 
mation of microaggregates greater 
than 204 in diameter. A comparison 
of hematologic values is shown in Fig 
5. 

The samples of bank blood were 
markedly acidotic with an elevated 
carbon dioxide tension and a de- 
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pressed total carbon dioxide content, 
suggesting a mixed respiratory and 
metabolic type of acidosis and reflect- 
ing a shift from aerobic to anaerobic 
metabolism. The oxygen tension was 
depressed below normal and was sig- 
nificantly different from that of allo- 
transfused blood (P<.01). The allo- 
transfused blood was alkalotic, de- 
pleted of carbon dioxide, and had a 
low base index. All the changes in pH 
and gas tensions of bank blood were 
significantly different from corre- 
sponding allotransfusion values to 
P<.01 (Fig 6). Intraoperative arterial 
blood gas tensions and pH were 
recorded for comparison to the gas 
tensions and pH of allotransfused 
blood taken from these patients. The 
pH ranged from 7.39 to 7.48, the oxy- 
gen pressure (Po,) from 184 to 303 
mm Hg, and the arterial carbon diox- 
ide pressure (Pco,) from 35 to 42 mm 
Hg. The changes in allotransfused 
blood, therefore, are not due to the 
physiologic state of the patients. 

Bank blood and blood collected by 
the allotransfusion device under the 
conditions described present very dif- 
ferent therapeutic alternatives. Both 
contain an unacceptably high level 
of microaggregates when passed 
through standard blood adminis- 
tration filters. Bank blood is not a 
good source of platelets. Conversely, 
marked hemolysis occurred in allo- 
transfused blood with a mean plasma- 
free hemoglobin level of 1,000 mg/100 
ml. Salvageable red blood cell mass 
was quite low. Blood collected by the 
allotransfusion device was more fa- 
vorable in electrolyte composition. 
Bank blood samples demonstrated 
somewhat higher levels of sodium and 
potassium. Bank blood samples were 
very acidotic with a mean pH of 6.63 
and a mean Pco, of 158. A hypocarbic 
alkalosis was seen in allotransfused 
blood; however, a massive shift in pH 
was prevented by diminution, and to- 
tal carbon dioxide and the pH was 
much closer by 0.5 pH units to the 
ideal 7.42. 


Comment 


In experimental and clinical stud- 
ies, blood collected after contact with 
serous membranes has exhibited de- 
grees of hemolysis varying from mod- 


erate to severe as an invariable 
accompaniment to allotransfusion.’* 
Free plasma hemoglobin levels of 


- 350% of control have been reported in 
blood aspirated from hemothorax in 


dogs after 45 minutes contact with 
the pleura without the mechanical in- 


jury of a roller pump.” If the blood — i: 


was left in the pleural space for six 
hours, the free hemoglobin levels in- 
creased to 1,175% of control. In blood 
collected from heparinized patients 
undergoing aortoiliac surgery, free 


hemoglobin levels were shown to be 


496 to 1696 mg/100 ml in blood sam- 


ples from the allotransfusion device.’ — 
Our studies indicate the mean free _ 
hemoglobin level to be 1,0004625 — 


mg/100 ml in allotransfusion samples 
as compared to 13.8+10.8 mg/100 ml 
in aliquots from bank units. 

The amount of hemolyzed blood 
that can be infused without clinical 
significance is unknown. Brener et al 
have reported postoperative eleva- 


tions of plasma-free hemoglobin of 50 — 3 


to 600 mg/100 ml, with a mean of 175 
mg/100 ml in all 20 patients allo- 
transfused an average of 1.5 liters 
each.’ Plasma-free hemoglobin levels 
were normal in all patients by the 
second postoperative day, but one 
fourth of these patients had gross he- 
moglobinuria. The degree of hemoly- 
sis that poses the threat of renal 
damage has not been defined. Of im- 
portance are considerations of free 
hemoglobin binding and the role of 
erythrocyte stroma. Plasma contains 


three binding systems for free hemo- — 


globin and its heme fraction. Most 
free hemoglobin is bound by hap- 
toglobin and the resulting hemoglo- 
bin-haptoglobin complex is removed 


from circulation by the reticu- if 


loendothelial system. Haptoglobins 


have a molecular weight in the range 


of 175,000 and do not cross the glo- 
merular membrane nor appear in the 
urine. Haptoglobin binding capacity 
approximates a plasma-free hemoglo- 
bin concentration of 100 to 135 
mg/100 ml. 

Free hemoglobin exceeding the ca- 
pacity of the haptoglobin binding sys- 
tem dissociates in one of two ways. 
When dissociation occurs into the 
heme and globin fractions, the heme 
moiety will preferentially complex 
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with hemopexin and secondarily with 
albumin to form, in the latter case, 
methemalbumin. The heme-hemopex- 
in complex does not cross normal glo- 
merular membranes but is removed 
from circulation and the heme frac- 
tion degraded by the liver. Meth- 
emalbumin is thought to transfer its 
heme to free hemopexin. Unbound 
free hemoglobin (a,, £,) may rever- 
sibly dissociate into its two a-f 
dimers. These pass the glomerular 
membrane and reassociate in tubular 
fluid as free hemoglobin.“ Proximal 
tubular cells have been shown to ex- 
tensively absorb free, unbound hemo- 
globin from the tubular fluid." The 
three plasma binding systems and the 
tubular transport mechanism com- 
prise the current concept of what had 
formerly been thought to be a “renal 
threshold” for free hemoglobin.” The 


`~ appearance of hemoglobin in the 


urine represents a saturation of the 
plasma binding systems as well as an 
exceeding of the absorptive capacity 
of the proximal tubules. The absence 
of clinical hemoglobinuria implies 
only that maximal tubular absorption 
has yet to be reached and not that he- 
moglobin has not been taken up by 
the proximal tubular cells. In fact, 


_ only a small percentage of available 


free hemoglobin appears in the urine, 
the major portion of unbound hemo- 


_ globin being taken up in the renal 


and hepatic parenchyma. ° 

The fate of hemoglobin absorbed 
by the proximal tubules is important 
in the consideration of hemoglo- 
bin-induced nephropathy. Hemoglobin 
studies with the heme moiety tagged 
with carbon 14 suggest a rapid renal 
conversion of the heme moiety of por- 
phyrin. Eight-five percent of the iron 
moiety is detached within one hour 
from the surrounding porphyrin and 
is stored in the proximal tubular cells 
as ferritin.’ Within six hours after 
injection of doubly labelled (with C 14 
and Fe 59) hemoglobin, half of the Fe 
59 activity had been recovered in the 
kidney but there was nearly complete 
recovery of C 14 activity as bili- 
rubin.” Studies with protein pre- 
cursor labelled with '*C-leucine indi- 
cate that the absorbed globin fraction 
of the free hemoglobin molecule is 
rapidly catabolized in the kidney." 
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' While half of the iron is retained in 


the tubular cells for over 30 days, 
complete metabolism or transport of 
the porphyrin and globin moiety is 
believed to take place within about 
three to five hours." 

Recently, Rabiner et al" have ques- 
tioned the assumption that it is the 
hemoglobin molecule per se that is 
nephrotoxic and have reawakened in- 
terest in stroma-free hemoglobin, 
originally reported by Hamilton. Evi- 
dence is available implicating micro- 
vascular coagulation in the pathogen- 
esis of hemolytic nephrotoxicity.” 
The coagulation property of erythro- 
cyte hemolysate is limited to the stro- 
mal lipid rather than to the hemoglo- 
bin fraction. Stroma-free hemoglobin, 
passed through a 0.2, Millipore filter 
and infused into dogs at 1.4 to 3.3 
gm/kg, did not significantly affect 
the whole blood clotting time (plas- 
tic), prothrombin consumption, or lev- 
els of factors V, VIII, or fibrinogen." 
There were no significant histologic 
changes or alterations in blood urea 
nitrogen (BUN) concentration, phenol- 
sulfonphthalein excretion, urinalysis, 
urea creatinine or para-amino- 
hippurate clearances, either acutely 
or two to five days postinfusion in ei- 
ther normal or ischemic kidneys.'*:2*:" 

While these studies suggest that 
the free hemoglobin molecule itself 
may not be nephrotoxic, physiologic 
conditions predisposing to the pre- 
cipitation of hemoglobin in the tu- 
bules or to the formation of the more 
toxic acid hematin and methemoglo- 
bin were avoided. Uncertainty re- 
mains as to whether the free hemo- 
globin molecule, perhaps as a more 
toxic breakdown product, or the stro- 
mal fraction is responsible for the ne- 
phrotoxicity associated with hemoly- 
sis. However, evidence suggests that 
those erythrocytes that survive the 
allotransfusion procedure probably 
retain a normal life span.*:'° 

Chemical and morphologic changes 
in blood are brought about by inter- 
faces with air, extraintimal connec- 
tive tissue, and heterologous surfaces. 
Hemolysis in extracorporeal circula- 
tion is induced by compression effects 
of roller pumps, contact with nonphy- 
siologic surfaces, and turbulent flow 
and foaming, the flow characteristics 
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being most important.”-* In this and 
other studies, we have found an in- 
verse relationship between the rate of 
operative blood loss and the degree of 
mechanical trauma to blood induced 
by the allotransfusion device. At 
rates of blood loss encountered in 
exenterative pelvic surgery, severe 
foaming was present in the aspirated 
blood contributing to marked hemoly- 
sis. 

Blood interfaces with air and tissue 
also contributed to altered chemis- 
try and morphology of allotransfused 
blood. Although it was well oxygen- 
ated, blood collected with the allo- 
transfusion device was quite hypocar- 
bic, undoubtedly due to the rapid dif- 
fusibility of carbon dioxide at the 
blood-air interface. Massive pH 
changes were prevented by the fall in 
total carbon dioxide. We have re- 
ported earlier that, in animals allo- 
transfused two to three times their 
blood volume, when blood-air inter- 
faces are minimized by aspirating 
from a continuous peritoneal pool of 
blood, a normocarbic acidosis develops 
with a low base index. Platelet aggre- 
gation and activation of soluble coag- 
ulation factors are initiated by con- 
tact with unphysiologic interfaces, 
particularly with extraintimal con- 
nective tissue, leading to the forma- 
tion of microemboli and fibrin. Defi- 
brination and thrombocytopenia with 
clot formation have been reported in 
blood exposed to pleural surfaces 
without mechanical trauma.'” 

Evidence of microaggregate forma- 
tion has been described in blood ex- 
posed to the peritoneal cavity and as- 
pirated for allotransfusion.’ We have 
found similar evidence of micro- 
aggregate formation in allotrans- 
fused blood but also in bank blood as 
well. Microembolism of platelet-fi- 
brin-leukocyte aggregates from blood 
transfusion has been implicated in 
the pathogenesis of the posttraumatic 
pulmonary insufficiency syndrome,?* 
The use of additional in-line filters of 
20u to 40u pore size has been shown to 
remove potentially troublesome ag- 
gregates and to reduce pulmonary 
morbidity and mortality after mas- 
sive infusions of bank blood.*’-** How- 
ever, once platelet aggregation and 
Hageman factor activation have been 
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initiated, humoral vasweactive pep- 
tides are formed despite adequate fil- 
tration of microemboli. The liberation 
of seretonin, histamine, and cate- 
cholamines occurs simultaneously 
with platelet aggregazion. Active 
Hageman factor leads to the forma- 
tion of bradykinin ane fibrin-split 
produces, and these cirqulating pep- 
tides nave potent vasoconstrictive 
effects on the pulmonary micro- 
circulazion leading to increased pul- 
monary vascular resistance and pul- 
monary hypertension.’ *-° 

Fron earlier studies wath allotrans- 
fusion, it is clear that the nature 
of the allotransfused blood will vary 
with tae conditions under which it is 
collected.” The study of blood col- 
lected during actual operative proce- 
dures -s essential to evaluate the in- 
fluence of the surgeons utilization, 
rate o7 operative blood oss, and con- 
tact of the blood with bislogical mem- 
branes and tissue on the final product. 
Our own experimental studies and 
several clinical reports have sug- 
gestec that intraoperative allotrans- 
fusion is most suitable in cases of 
rapid, massive fresh blend loss before 
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fibrin has begun to form.’* Under 
these conditions, blood-air interfaces, 
foaming, and mechanical trauma are 
minimal and the extent of activation 
of coagulation factors, aggregation 
formation, and hemolysis are re- 
duced. We have tried to define a limit, 
in terms of the rate of surgical blood 
loss, at which blood can be collected 
by an allotransfusion unit without se- 
vere damage. Our patients, subjected 
to major surgical procedures, lost 
large volumes of blood but did so at 
slower rates than often encountered 
in vascular or trauma surgery and 
more consistent with other major ab- 
dominal procedures. We encountered 
substantial problems with foaming 
and turbulent flow contributing to 
hemolysis, aggregate formation, and 
acid base alterations. We feel that 
refinements in pump design are re- 
quired before allotransfusion should 
be routinely utilized in this type of 
surgery. 

Most clinical studies with intra- 
operative allotransfusion have been 
performed with fully anticoagulated 
patients. Because of extensive pelvic 
dissections, our patients were not 
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Penetrating Injuries of the Abdominal Aorta 


Melvyn T. Yeo, MD; Edward J. Domanskis, MD; Robert H. Bartlett, MD; Alan B. Gazzaniga, MD, Irvine, Calif 


Survival after laceration of the abdominal 
aortaiis exceedingly rare. In thes article three 
successfully managed cases are reported and 
18 cases from the literature are reviewed. 
Aortic control by initial thoracotomy, auto- 
transfusion, and aggressive management of 
renal and pulmonary complications are em- 
phasized. 


urvival following penetrating in- 
jury to the abdominal aorta is 
rare and only 18 cases are reported in 
the literature. During tke past two 
years, three patients wita penetrat- 
ing injury to the abdominal aorta un- 
derwent surgery and survived. The 
purpose of this article is to review the 
management and eszablish guidelines 
for the treatment of this injury. 


Report of Cases 


Case 1.—A 15-year-old white girl was ad- 
mitted to the emergency room in October 
1970 with a self-inflicted gunshot wound to 
the left side of the upper part of the abdo- 
men and an exit wound in the right flank. 
Blood pressure was 50/0 mm Hg; pulse, 
96 beats per minute; and respiration, 20 
breaths per minute. Immediate fluid resus- 
citation via basilic vein cutdown was insti- 
tuted and nasogastric tube and bladder 
catheter were placed. Gross hematuria was 
neted. Abdominal paracentesis was not 
performed. The patient was taken immedi- 
ately to the operating reom. A long midline 
incision was made, revealing lacerations of 
the transverse colon and proximal jejunum 
as well as a bulging retroperitoneal hema- 
toma that, when evacuated, bled profusely. 
The incision was extended into the left 
side of the chest and the thoraeic aorta was 
isolated and clamped. A 2.5-cm wound was 
then identified in the abdominal aorta just 
proximal to the right renal artery and was 
repaired. Total cross-clamping time was 17 
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Fig 1.—Polyuric renal failure in case 1. 


minutes. The jejunal injury was repaired 
and the colon laceration exteriorized. 
Twenty units of blood were required for 
the procedure; ten were type-specific but 
not cross-matched. Arterial blood gases 
were normal soon after surgery and the 
patient’s trachea was extubated. The post- 
operative course was complicated by poly- 
uric acute renal failure (Fig 1) that 
resolved without dialysis and a left sub- 
phrenic abscess that required drainage 
twice. She was discharged 22 days after in- 
jury. 

Comment.—Transabdominal control 
of the proximal part of the aorta was 
difficult, and a separate incision in the 
left hemithorax was necessary. Since 
abdominal aorta injury was suspected 
before operation, it would have been 
safer to first obtain control of the tho- 
racic aorta. Polyuric renal failure due 
to acute tubular necrosis was mild 
and resolved without dialysis. Be- 
cause of fecal contamination, a left 
subphrenic abscess occurred despite 
extensive drainage of this area. 

Cask 2.—A 43-year-old Mexican man sus- 
tained a stab wound to the left costo- 
vertebral area just left of the midline at 
the T-12 level in March 1972. On admission 
to the emergency room, his blood pressure 
was 80/0 mm Hg and pulse was 100 beats 
per minute. His abdomen was distended 
and bowel sounds were absent. Blood was 
obtained by abdominal paracentesis and he 
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was treated with immediate fluid resusci- 
tation, using type-specific blood, 5% al- 
bumin solution, and electrolyte solution. 
A central venous pressure catheter, blad- 
der catheter, and nasogastric tube were 
placed. Because his vital signs did not rap- 
idly respond to fluid replacement, it was 
suspected the patient had a major arterial 
injury. In the operating room, the left side 
of the chest was entered through an ante- 
rior thoracotomy incision and the distal 
thoracic aorta clamped. The abdomen was 
then entered through a midline incision 
and over 1,500 ml of blood was evacuated 
from the peritoneal cavity. The descending 
colon was reflected medially, and the aortic 
clamp was temporarily released. A gush of 
blood appeared from the region of the 
aorta and left kidney. The aorta was again 
clamped and the injury site identified as a 
1-cm tear in the aorta just proximal to the 
left renal artery. This was repaired as was 
a laceration of the renal vein. Total aortic 
cross-clamping time was 22 minutes. Eight 
hours following surgery the chest roent- 
genogram, arterial blood gas level, and tid- 
al volume were normal. The endotracheal 
tube and assisted ventilation were discon- 
tinued. The postoperative course was com- 
plicated by transient polyuric failure (Fig 
2) and a nonfunctioning left kidney diag- 
nosed by an intravenous urogram. 
Comment.—Early operation and 
control of the aorta via thoracotomy 
were perhaps the most important fac- 
tors affecting this patient’s survival. 
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Fig 2.—Polyuric renal failure in case 2. 
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Fig 3.—Oliguric renal failure in case 3. 


A thoracotomy was performed for con- 
trol of high abdominal aortic injuries 
in most of the cases reported, but only 
after the abdomen was opened and 
explored.'? If high abdominal aortic 
injuries are suspected by profound 
blood loss and site of penetration, we 
suggest that. a left-sided thoracotomy 
be performed for control of the aorta 
before celiotomy to prevent blood loss 
with exsanguination. 

Case 3.—A 21-year-old man who was 
stabbed with a bayonet during a fight en- 
tered the emergency room in September 
1972 with a right paraomphalic laceration 
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and a wound over the left sternum with 
splitting of the xiphoid process. Blood 
gushed through the chest wound with each 
heart beat. Blood pressure was 90/60 mm 
Hg and pulse was 100 beats per minute. The 
abdomen was distended and silent. Imme- 
diate fluid replacement was instituted with 
three large intravenous lines, and the pa- 
tient received type-specific blood, 5% albu- 
min solution, and lactated Ringer solution. 
A nasogastric tube and a bladder catheter 
were inserted. A chest roentgenogram re- 
vealed pneumopericardium. After the pa- 
tient’s vital signs were stabilized with 2 


„units of blood and 1,000 ml of albumin solu- 


tion, he was taken to the operating room. 
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Fig 4.—Location of successfully treated 
penetrating aortic injuries. 


An incision from the xiphoid to the lower 
midabdomen exposed about 800 ml of blood 
in the peritoneal cavity. There was a lacer- 
ation of the dome of the liver and the dia- 
phragm adjacent to it. The left side of the 
chest was opened through a separate left 
thoracotomy incision, the pericardium was 
opened and the bleeding was noted to be 
coming from pericardial vessels. The heart 
was not injured. The chest was closed and 
the abdomen explored. Four perforations 
in the distal ileum were found and re- 
paired. A retroperitoneal hematoma and a 
small rent at the root of the mesentery 
were noted. The hematoma was not pulsat- 
ing, enlarging, or bleeding into the peri- 
toneum. Vital signs were normal; it was 
elected not to explore the hematoma. The 
abdomen was closed and 40 minutes later 
he became hypotensive with no audible 
blood pressure. He was returned to the op- 
erating room and a large intraperitoneal 
hematoma was evacuated. Immediate pro- 
fuse arterial and venous bleeding fol- 
lowed.* An autotransfusor was set up and 
all shed blood was returned to the patient 
via the central venous catheter. When the 
proximal part of the aorta and both com- 
mon iliac arteries were isolated and cross- 
clamped, it was evident that there was a 
through-and-through perforation of the 
aorta at the bifurcation as well as a vena 
cava laceration at that level. The aortic 
and vena caval lacerations were repaired. 
Six units of type-specific and at least 40 
units of autotransfused blood were used 
during the six-hour procedure. The patient 
was placed on controlled ventilator (tidal 
volume, 1,200 ml) for 48 hours after sur- 
gery at which time he was extubated. Dur- 
ing the operation and immediately after- 
ward, blood and urine showed gross 
hemolysis and the patient developed anuric 
renal failure (Fig 3). He was inter- 
mittently hemodialized for 15 days; he sub- 
sequently regained renal function and was 
discharged on his 17th postoperative day. 

Comment.—Some surgeons have 
cautioned against exploring a non- 
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-Aortic Injuries: Successful Repair 


Type of Injury; 
_ Site at Aorta 
Stab. wound © 
1-cm laceration 


Gunshot wound 
5 cm above 
bifurcation 


Gunshot wound; 
1-cm laceration 
at celiac axis 


Stab wound 
laceration 


Gunshot wound 
Gunshot wound 


Gunshot wound 


Gunshot wound; 
through and 
through, hole prox- 
imal to bifurcation 


Gunshot wound; 
through and 
through, proximal 
to inferior mesen- 
teric take-off 


Gunshot wound 
5 mm between 
celiac & superior 
mesenteric artery 


Gunshot wound; 
laceration at level 
of T-12 - L-1 

Gunshot wound; 
laceration at 
T-12 - L-1 level 

Stab wound 
below renals 


Gunshot wound, prob- 
ably infrarenal 


Gunshot wound; 
laceration above 
celiac axis 


Stab wound proximal 
to celiac axis 


Gunshot wound; 
avulsion at level 
of renals 

Gunshot wound 
just distal to 
right renal 

Stab wound at 
left renal level 

Stab wound at 
bifurcation 


Type of Repair 
Suture 


Vitallium tube 
interposition 


Suture 


Suture 


Suture 
Suture 


Suture 
Suture 


Suture 


Suture 


Suture; thoracic 
aorta isolated 
for control 


Suture; thoracic 
aorta isolated 
for control 


Suture 


Both ends 
ligated 

Suture; thoracic 
aorta isolated 
for control 


Suture; thoracic 
aorta isolated 

Dacron graft 
prosthesis 


Suture 


Suture 


Suture 


Associated Injuries 


Stomach, duo- 
denum, and 
pancreas 


Left gastric 
arteries, left 
kidney 


Small bowel 


None 


Small bowel, 
duodenum 


Liver, kidney 
Stomach 


Liver, stomach, 
mesocolon, 
jejunum 


Liver, left 
hepatic artery 


Liver, esophagus 


Liver, cauda 
equina 


Vena cava 
laceration 


Right kidney 
shattered 


Liver lac- 
eration 


None 


Portal vein tear 


perforation 


Left renal vein 
laceration 

Perforated ileum 
laceration of 
vena cava 


Complications 


Transfusion 
reaction 


Transient | 
renal failure 


Not mentioned 


Not mentioned 
Not mentioned 


Not mentioned 


Atelectasis; pneumonia, 
right lower lode; 
wound abscess 


None 


None 3 


Wound infection 
Decubitis ulcer 


Atelectasis, right 
lower lobe 

Paresis, lower 
extremities 


Cardiac arrest 
with successful 
resuscitation 


Not mentioned 


Not mentioned 


Renal failure, 
subphrenic 
abscess 

Renal failure, 
mild 

Renal failure 


F ERS Ss T. SR E E G a h Api ee Kae AANA EEE SS. EE R S ESAE AA BL SE d 
Jejunal and colon 


pulsatile retroperitcneal hematoma 
that is nct expanding or bleeding into 
the peritoneal cavity, fearing this 
would start bleeding difficult to con- 
trol. Others recommend exploring all 
retroperioneal hemetomas.** In this 
case, not exploring the p2netrating 
wound irto the retreperiteneum was 
the wronz choice. The greatest single 
factor that resulted -n the successful 
repair of the aortocaval mjury was 
the autotransfusor. With this device, 
blood is aspirated from the field into a 
heparinized reservoir that filters and 
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defoams it, and then it is reinfused 
into the patient.’ The patient’s sub- 
sequent renal failure was anticipated 
since he had several episodes of 
profound hypotension as well as gross 
hemolysis from autotransfusion. An 
arteriovenous shunt was placed on 
the fourth postoperative day, and the 
patient was started on hemodialysis. 
The absence of pulmonary complica- 
tions was probably attributed to the 
ventilatory support with the volume 
respirator and the use of the incen- 
tive spirometer after extubation.’ 


Comment 
Wildegans in 1926 reported a case 


in which a 1-cm stab wound of the ab- 


dominal aorta was successfully re- 
paired.: Dubinsky? in 1944 sutured a 
0.3-em schrapnel wound of the ab- 
dominal aorta with complete recovery 
of the patient. In 1947, Holzer’ suc- 
cessfully treated an aortic laceration 
by interposing a vitallium tube be- 
tween the avulsed segments. Reports 
of successful aortic repairs are pre- 
sented in the Table and illustrated in 
Fig 4. 
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About 15% of all patients receiving 
injury to the aorta survive long 
enough to receive medical attention." 
Most isolated cases of abdominal aor- 
tic injuries where repair was at- 
tempted but was unsuccessful are 
probably not reported. Beall? re- 
ported 23 cases of aortic injury, 14 of 
which were in the abdominal aorta 
and of these four survived (29%). 


Several factors govern the survival 


of patients with such injury. 

1. Length of time from injury to 
arrival at a medical facility. With im- 
proved facilities for trauma evac- 
uation, more patients should reach 
the hospital within the hour of injury. 

2. Diagnosis. The rapid deteri- 
oration of the patient, hypotension 
unresponsive to fluid challenge, and 
site of injury suggesting possibility 
of aortic injury should all point to the 


. diagnosis of major vessel injury. Pro- 


longed evaluation should be avoided, 
and the patient taken to the oper- 
ating room without delay. 

3. Associated injuries. These must 
not be overlooked, but the treatment 
of a lacerated aorta takes all priority. 

4, Exploration of all retroperito- 
neal hematomas secondary to pene- 
trating injuries. Re-bleeding from 
aortic or vena cava tears can follow 
conservative management. Explora- 
tion is followed by definitive repair if 
damage is found; if not, no harm is 
done the patient. 

5. Availability of blood. When time 
does not permit cross-matching, type- 
specific blood is preferred over uni- 
versal donor (0 negative). The auto- 
transfusor is an extremely valuable 
intraoperative adjunct as demon- 
strated by case 3. 

6. Surgical approach with good 
proximal control of the aorta. If in- 
jury is suspected high in the abdomi- 
nal aorta, control of the proximal part 
of the aorta is best accomplished 
through the chest as in case 2. 

7. Complications depend on dura- 
tion of hypotension, amount of trans- 
fusion received, level of aortic injury, 
associated intra-abdominal injury, 
and so on. Perhaps the common com- 
plication is renal failure secondary to 
acute tubular necrosis. Diagnosis of 
renal failure should be made when 
there is decreased urine output unre- 
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sponsive to fluid challenge, the use of 
diuretics such as mannitol or furose- 


mide, elevated urinary excretion of ` 


sodium (over 60 mEq/liter), and de- 
creased potassium (under 20 mEq/ 
liter) or urine urea excretion (under 
200 mg/100 ml). Major indications for 
dialysis are hypervolemia as indi- 


cated by increased weight, pulmonary ` 


congestion, and increased central 
venous pressure, and hyperkalemia 
(potassium level over 5.5 mEq/liter). 
Early dialysis may prevent serious 


morbidity in oliguric renal failure 


(case 3). 

Pulmonary complications are much 
less likely to occur in a well-venti- 
lated lung.’* In all three patients, as- 
sisted ventilation with a volume res- 
pirator was used after operation and 
discontinued only when measurement 
of tidal volume and arterial blood 
gases showed satisfactory pulmonary 
function. 


Nonproprietary Name 
and Trademark of Drug 


Furosemide—Lasiz. 
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Editorial Comment 


We are indebted to the authors for their 
emphasis of the factors that assuredly play 
a role in survival of penetrating injuries of 
the aorta. Interestingly, in our experience 
such injuries are relatively uncommon. For 
example, during the year 1971 to 1972, over 
300 patients with penetrating injuries to 
the abdominal cavity were treated in our 
institution. There were 12 severe injuries 
of the inferior vena cava, but only one in- 
volving the upper part of the abdominal 
aorta. Our experience with these life 
threatening injuries has led us to complete 
agreement with the points that the authors 
have stressed concerning the determinants 
of survival. In particular, the evaluation of 
retroperitoneal hematomas is crucial in pa- 
tients with penetrating injuries to the 
great vessels. 

One application that we have found to be 
useful in patients requiring massive trans- 
fusions is the use of the blood microfilters. 
Since they have been put into operation in 
our institution the incidence of post- 
therapy pulmonary complications has 
dropped strikingly. In addition, and this is 
primarily applicable to the caval injuries, 
we have found that the use of intravascu- 
lar balloon tamponade has been helpful in 
gaining immediate control of a difficult 
problem. The stress on the avoidance of 
prolonged evaluation of patients with po- 
tentially lethal vascular injuries is an im- 
portant one. Prompt operation is crucial to 
the problem of survival. During the past 
few months we have had a sad experience 
with a patient shot through the abdominal 
aorta. Unfortunately, he suffered a delay 
between the emergency room and the oper- 
ating room because the trauma teams were 
otherwise engaged. The time required to 
mobilize the third team was approxi- 
mately 30 minutes, and the patient died 
from the effects of hemorrhage. 

ROBERT ZEPPA, MD 
Miami, Fla 
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e Indicated in serious upper and lower respiratory, 
genitourinary, skin and soft-tissue infections, 
bacteremia, septicemia — due to susceptible 
orgarisms, including penicillin G-resistant staph. 








e Effective performance in treatment of infections 
due to these susceptible organisms: 


kespiratory tract infections due to D. pneumoniae, 
Group A beta-hemolytic streptococci, Klebsiella spp., 
or H. influenzae. 


Genitourinary tract infections due to E. coli, 
P. mirabilis, Klebsiella spp. or Staphylococcus aureus, 
inclucing penicillin G-resistant staph. 


Sxin and soft-tissue infections due to 
Staphylococcus aureus, including penicillin 
G-ressstant staph, Group A beta-hemolytic 
streptococci or E. coli. 


e High blood levels achieved with single 0.5 Gm. 
and 1 Gm. I.M. doses and with single 0.5 Gm., 1 Gm. 
and 2 Gm. LV. doses. 


e H gh solubility with only 2 ml. of diluent needed 
for 1 Gm. I.M. dose. 
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_A new parenteral cephalosporin... 
with all the performance you expect in 
serious susceptible hospital infections 


Flexible Dosage: adjustable to fit severity of infection and 
renal status of patient: 


The usual adult dose of Cefadyl is 0.5 Gm. to 1 Gm. every 4 to 6 hours 
intramuscularly or intravenously. Doses up to 12 Gm. daily may be used in very serious 
or life-threatening infections. | 








No nephrotoxicity reported during extensive clinical trials 

In fact, when Cefadyl was given to patients with marked reduction in renal 
function and to renal transplant patients, no adverse effects were reported. However, 
renal status of patients should be determined prior to and during Cefadyl therapy, since 
in patients with impaired renal function, a reduced dose may be appropriate. Rises in 
BUN have been observed; their frequency increases in patients over 50 years old. 


Low incidence of venous irritation on LV. administration... 
well tolerated locally 


In controlled studies of volunteers and of patients receiving IV. Cefadyl, the 
incidence of venous irritation was low. Controlled studies in normal adult volunteers 
revealed that Cefadyl was well tolerated intramuscularly. 

Cephalosporins are reported to produce maculopapular rash, urticaria, reactions 
resembling serum-sickness and anaphylaxis. Eosinophilia and drug fever have been 
observed to be associated with other allergic reactions. These reactions are most likely 
to occur in patients with a history of allergy, particularly to penicillin. 

In penicillin-allergic patients, cephalosporins should be used with great caution. 
There is clinical and laboratory evidence of partial cross-allergenicity of the 
penicillins and the cephalosporins, and there are instances of patients who have had 
reactions to both drugs (including fatal anaphylaxis after parenteral use). 
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CEFADYL® (sterile cephapirin sodium) 
7628 DIRO-04 March, 1974 


Description. Cefadyi (sterile cephapirin sodium) is 
a cephalosporin antibiotic intended for intramuscular 
and intravenous administration only. It is supplied as 
the sodium salt of 7-[a-(4-pyridylthio)-acetamido]- 
cephalosporanic acid. Each 500 mg. contains 1.07 
milliequivalents of sodium. 

Actions. Human Pharmacology—Following intramus- 
cular administration of single 500 mg. and 1 Gm. 
doses to normal volunteers, average peak serum levels 
of 9.0 and 16.4 mcg./ml. respectively, were attained 
at 30 minutes, declining to 0.7 and 1.0 mcg./ml. 
respectively, at 4 hours and 0.2 and 0.3 mcg./mi. 
respectively, at 6 hours. 

Cefadyl and its metabolites were excreted primarily 
by the kidneys. Antibiotic activity in the urine was 
equivalent to 35% of a 500 mg. dose 6 hours after 
I.M. injection and to 65% of a 500 mg. dose 12 hours 
after injection. Following an I.M. dose of 500 mg., 
peak urine levels averaged 900 mcg./ml. within the 
first 6 hours. 

Following rapid intravenous administration of single 
0.5 Gm., 1 Gm., and 2 Gm. doses, peak serum levels 
of 35, 67 and 129 mcg./ml. respectively, were attained 
at 5 minutes, declining to 6.7, 14.0 and 31.7 mcg./ml. 
respectively, at 30 minutes and 0.27, 0.61 and 1.11 
meg./ml. respectively, at 3 hours. 

Seventy percent of the administered dose was 
recovered in the urine within 6 hours. Repetitive in- 
travenous administration of 1 Gm. doses over 6-hour 
periods produced serum levels between 4.5 and 5.5 
mcg./ml. 

44 to 50% of Cefadyl is bound to human serum. The 
average serum half-life of Cefadyl in patients with 
normal renal function is approximately 36 minutes. 

The major metabolite of cephapirin is desacetyl 
cephapirin which has been shown to contribute to 
antibacterial activity. 

Controlled studies in normal adult volunteers re- 
vealed that Cefadyl was well tolerated intramuscularly. 
In controlled studies of volunteers and of patients 
receiving |.V. Cefadyl, the incidence of venous irri- 
tation was low. 

Microbiology—In vitro tests demonstrate that the 
action of cephalosporins results from inhibition of 
cell-wall synthesis. Cefadyl is active against the fol- 
lowing organisms in vitro: 

Beta-hemolytic streptococci and other streptococci. 
(Many strains of enterococci, e.g., S. faecalis, are 
relatively resistant.) Staphylococci, including coag- 
ulase-positive, coagulase-negative, penicillinase and 
non-penicillinase producing strains. Diplococcus 
pneumoniae, Haemophilus influenzae, Proteus mira- 
bilis, Escherichia coli, Klebsiella species. 

Most strains of enterobacter and indole-positive 
Proteus (P. vulgaris, P. morganii, P. rettgeri) are re- 
sistant to Cefadyl. Methicillin-resistant staphylococci, 
Serratia, Pseudomonas, Mima and Herellea species 
are almost uniformly resistant to Cefadyl. 

Disc Susceptibility Tests—Quantitative methods 
that require measurement of zone diameters give the 
most precise estimates of antibiotic susceptibility. 
One such procedure* has been recommended for use 
with discs for testing susceptibility to cephalosporin 
class antibiotics. Interpretations correlate diameters 
of the disc test with MIC values for Cefadyl. With this 
procedure, a report from the laboratory of ‘‘suscep- 
tible" indicates that the infecting organism is likely 
to respond to therapy. A report of “resistant” indi- 
cates that the infecting organism is not likely to 
respond to therapy. A report of ‘intermediate suscep- 
tibility’’ suggests that the organism would be suscep- 
tible if high dosage is used, or if the infection is 
confined to tissues and fluids (e.g., urine), in which 


- high antibiotic levels are attained. 


Indications. Cefady! is indicated in the treatment of 
infections caused by susceptible strains of the fol- 
lowing microorganisms: 

Group A beta-hemolytic streptococci: Skin and soft 
tissue infections. Respiratory infections. 

(Injectable benzathine penicillin is considered to 
be the drug of choice in treatment and prevention of 
streptococcal infections, including the prophylaxis of 
rheumatic fever. Cefadyl is effective in the eradica- 
tion of streptococci from the nasopharynx; however, 
data establishing the efficacy of Cefadyl in the sub- 
sequent prevention of rheumatic fever are not avail- 
able at present.) 

Staphylococcus aureus (penicillinase producing 

and non-penicillinase producing): Skin and soft tis- 
sue infections. Urinary tract infections. 
*Bauer, A.W., Kirby, W.M.M., Sherris, J.C., and Turck, 
M.: Antibiotic Testing by a Standardized Single Disc 
Method, Am. J. Clin. Pathol., 45:493, 1966. Standard- 
ized Disc Susceptibility Test, FEDERAL REGISTER 
37:20527-29, 1972. 


Diplococcus pneumoniae: Respiratory tract infec- 
tions. 

Haemophilus influenzae: Respiratory tract infec- 
tions. 

Escherichia coli: Urinary tract infections, skin and 
soft tissue infections and bacteremia. 

Klebsiella species: Urinary tract and respiratory 
tract infections. 

Proteus mirabilis: Urinary tract infections. 

Note: Appropriate bacteriological studies should 
be performed to identify the causative organisms and 
determine its susceptibility. Therapy may be started 
while awaiting results of these studies. 
Contraindications. Cefadyl (sterile cephapirin sodium) 
is contraindicated in patients with known allergy. to 
the cephalosporin group of antibiotics. 

Warnings. IN PENICILLIN-ALLERGIC PATIENTS, 
CEPHALOSPORINS SHOULD BE USED WITH GREAT 
CAUTION. THERE IS CLINICAL AND LABORATORY 
EVIDENCE OF PARTIAL CROSS-ALLERGENICITY OF 
THE PENICILLINS AND THE CEPHALOSPORINS, 
AND THERE ARE INSTANCES OF PATIENTS WHO 
HAVE HAD REACTIONS TO BOTH DRUGS (INCLUD- 
ING FATAL ANAPHYLAXIS AFTER PARENTERAL USE). 

Any patient who has demonstrated some form of 
allergy, particularly to drugs, should receive antibi- 
otics cautiously and then only when absolutely neces- 
sary. No exceptions should be made with regard to 
Cefadyl. 





SERIOUS ANAPHYLACTOID REACTIONS REQUIRE 
IMMEDIATE EMERGENCY TREATMENT WITH EPI- 
NEPHRINE. OXYGEN, INTRAVENOUS STEROIDS, AND 
AIRWAY MANAGEMENT, INCLUDING INTUBATION, 
SHOULD ALSO BE ADMINISTERED AS INDICATED. 

Usage in Pregnancy—Safety of this product for use 
during pregnancy has not been established. 
Precautions. The renal status of the patients should 
be determined prior to and during Cefadyl therapy, 
since in patients with impaired renal function, a re- 
duced dose may be appropriate (see Dosage, Adults). 
When Cefady! was given to patients with marked 
reduction in renal function and to renal transplant 
patients, no adverse effects were reported. 

Prolonged use of Cefadyl may result in the over- 

growth of nonsusceptible organisms. Careful observa- 
tion of the patient is essential. If superinfection 
occurs during therapy, appropriate measures should 
be taken. 
Adverse Reactions. Hypersensitivity—Cephalosporins 
were reported to produce the following reactions: 
maculopapular rash, urticaria, reactions resembling 
serum-sickness, and anaphylaxis. Eosinophilia and 
drug fever have been observed to be associated with 
other allergic reactions. These reactions are most 
likely to occur in patients with a history of allergy, 
particularly to penicillin. 

Blood—During large scale clinical trials, rare 
instances of neutropenia, leukopenia, anemia were 
reported. Some individuals, particularly those with 
azotemia, have developed positive direct Coombs 
test during therapy with other cephalosporins. 

Liver—Elevations in SGPT or SGOT, alkaline phos- 
phatase, and bilirubin have been reported. 

Kidney—Rises in BUN have been observed; their 
frequency increases in patients over 50 years old. 
Dosage. Adu/ts—The usual dose is 500 mg. to 1 Gm. 
every 4 to 6 hours intramuscularly or intravenously. 
The lower dose of 500 mg. is adequate for certain 
infections, such as skin and soft tissue and most 
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urinary tract infections. However, the higher dose is 
recommended for more serious infections. 

Very serious or life-threatening infections may re- 
quire doses up to 12 Grams daily. The intravenous 
route is preferable when high doses are indicated. 

Depending upon the causative organism and the 
severity of infection, patients with reduced renal func- 
tion (moderately severe oliguria or serum creatinine 
above 5.0 mg./100 mi.) may be treated adequately 
with a lower dose, 7.5 to 15 mg./Kg. of cephapirin 
every 12 hours. Patients with severely reduced renal 
function and who are to be dialyzed should receive 
the same dose just prior to dialysis and every 12 
hours thereafter. 

Children—The dosage is in accordance with age, 
weight and severity of infection. The recommended 
total daily dose is 40 to 80 mg./Kg. (20 to 40 mg./Ib.) 
administered in four equally divided doses. 

The drug has not been extensively studied in in- 
fants; therefore, in the treatment of children under 
the age of three months the relative benefit/risk 
should be considered. 

Therapy in beta-hemolytic streptococcal infections 
should continue for at least 10 days. 

Where indicated, surgical procedures should be 
performed in conjunction with antibiotic therapy. 
Administration. Cefady! may be administered by the 
intramuscular or the intravenous routes. 

Intramuscular Injection—The 1 Gm. vial should be 
reconstituted with 2 ml. of Sterile Water for Injection, 
U.S.P.|Each 1.2 ml. contains 500 mg. of cephapirin. 
All injections should be deep in the muscle mass. 
_ Intravenous Injection—The intravenous route may 
be preferable for patients with bacteremia, septicemia, 
or other severe or life-threatening infections who may 
be poor risks because of lowered resistance resulting 
from such debilitating conditions as malnutrition, 
trauma, surgery, diabetes, heart failure, or malig- 
nancy, particularly if shock is present or impending. 
If patient has impaired renal function, a reduced dose 
may be indicated (see Dosage, Adults). In conditions 
such as septicemia, 6 to 8 Gm. per day may be given 
intravenously for several days at the beginning of 
therapy; then, depending on the clinical response 
and laboratory findings, the dosage may gradually 
be reduced. 

When the infection has been refractory to previous 
forms of treatment and multiple sites have been in- 
volved, daily doses up to 12 Gm. have been used. 

Intermittent Intravenous Injection—The contents 
of the 1 Gm. vial should be diluted with 10 ml. or 
more of diluent and administered slowly over a 3 to 5 
minute period or may be given with intravenous 
infusions. 

Intermittent Intravenous Infusion with Y-Tube— 
Intermittent intravenous infusion with a Y-type ad- 
ministration set can also be accomplished while bulk 
intravenous solutions are being infused. However, 
during infusion of the solution containing Cefadyl 
(sterile cephapirin sodium), it is desirable to discon- 
tinue the other solution. When this technique is 
employed, careful attention should be paid to the 
volume of the solution containing Cefadyl so that the 
calculated dose will be infused. 

Continuous Intravenous Infusion—After reconstitu- 

tion, Cefadyl may be added to the solutions listed 
below under Stability. The choice of solution and 
volume should be dictated by the fluid and electro- 
lyte management of the patient. 
Stability. Storage Stability: Cefadyl is stable in the 
dry state for 18 months at room temperature. After 
reconstitution, it is stable for 12 hours at room tem- 
perature and 10 days under refrigeration when recon- 
stituted with Sterile Water for Injection, U.S.P. The pH 
of the resultant solution ranges from 6.5 to 8.5. Dur- 
ing these storage conditions, no precipitation occurs. 
A change in solution color during this storage time 
does not affect the potency. 

Compatibility with the Infusion Solutions: Cefady| 
is stable and compatible for 24 hours at room tem- 
perature at concentrations between 2 mg./ml. and 
30 mg./ml. in the following solutions: 

Sodium Chloride Injection, U.S.P., 5% W/V Dex- 
trose in Water, U.S.P., Sodium Lactate Injection, 
U.S.P., 5% Dextrose in Normal Saline, U.S.P., 10% 
Invert Sugar in Normal Saline, 10% Invert Sugar in 
Water, 5% Dextrose + 0.2% Sodium. Chloride Injec- 
tion, U.S.P., Lactated Ringer's with 5% Dextrose, 5% 
Dextrose + 0.45% Sodium Chloride Injection, U.S.P., 
Ringer's Injection, U.S.P., Lactated Ringer's Injection, 
U.S.P., 10% Dextrose Injection, U.S.P. 

Supply. Cefadyl (sterile cephapirin sodium) for |.M. or 
I.V. injection. Cephapirin sodium equivalent to 1 Gm. 
cephapirin. NDC 0015-7628-1-Gm. vial. 
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Peritoneal adhesions were produced in 90 
male albino rats by painting the anterior sur- 
face of the rats cecum with absolute alcohol 
to produce an aseptic inflammation. The ad- 
hesions were classified into five grades ac- 
cording to their number, extent, and density. 
A proteolytic enzyme from Carica papaya 
(Papase) was given orally to these animals in 
the immediate postoperative period and was 
found to reduce markedly the incidence and 
extent of adhesions as compared with those 
of a control group of rats. This product was 
found to be equally effective in reducing the 
incidence and extent of reformation of adhe- 
sions after their lysis. 


he problem of peritoneal adhe- 
sions confronts every surgeon. In 
spite of the remarkable progress in 
postoperative care of patients and the 
availability of antibiotics, serious 
morbidity due to postoperative peri- 
toneal adhesions is still encountered, 
as reported in the literature from the 
last few decades. 3 
Following an injury to the peri- 
toneum, there is outpouring of fibri- 
nous exudate, a process that starts 
within a few minutes after injury 
and may continue for a few hours. 
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This fibrinous exudate then produces 
fibrinous adhesions between the in- 
jured organ and the surrounding vis- 
cera. Most of these fibrinous adhe- 
sions, however, are absorbed and are, 
therefore, transient. In some cases 
there is ingrowth of fibroblasts and 
capillaries and the fibrinous adhesions 
become organized to form fibrous ad- 
hesions that are permanent. 

A number of measures have been 
adopted to prevent or minimize the 
formation of these postoperative 
peritoneal adhesions. However, a de- 
pendable prophylactic measure has 
not been devised so far. 

This study has been undertaken to 
evaluate the possible beneficial ef- 
fects of proteolytic enzyme (Papase) 
in the prevention of these adhesions 
in experimental animals. 


Material and Methods 


This study was performed on 90 male al- 
bino rats weighing between 120 and 250 
gm each. The rats were anesthetized by 
putting them in an ether jar for about 2 
to 2% minutes, and anesthesia was main- 
tained during the surgical procedure by 
means of ether dropped on a mask. After 
shaving the rat’s abdomen and cleaning it 
with an antiseptic solution containing 
chlorhexidine hydrochloride and cetrimide 
(Savlon) a 3 to 4 em long midline incision 
was made on the anterior part of the ab- 
dominal wall. The cecum was identified 
and gently taken out of the incision with- 
out causing any injury to the intestines or 
mesentery. The cecum was placed on a 
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Table 1.—Adhesive Bands 


Description of Adhesive Bands 


Complete absence of adhesions 

Single band of adhesions, between viscera, 
or from one viscus to abdominal wall 

Two bands, either between viscera or from 


viscera to abdominal wall 


Remarks 


Insubstantial 
adhesions 


More than two bands, between viscera, or 


viscera to abdominal wall, or whole of 
intestines forming a mass without being 
adherent to abdominal wall 


Substantial 
adhesions 


Viscera directly adherent to abdominal wall, 
irrespective of number and extent of 


adhesive bands 


20 


15 


No. of Rats 
o 


0 2 3 
Grade of Adhesions 
Fig 1.—Results of control in group A (25 


sterile towel in normal anatomical position, 
and an area of 2 to 2.5 cm of the anterior 
wall was painted with absolute alcohol. The 
area selected for painting was near the 
junction of the cecum with the small and 
large bowels. The cecum was then replaced 
in the abdominal cavity in its normal posi- 
tion and the abdominal wall was closed in 
two layers with No. 60 continuous linen su- 
tures. The incision was cleaned with the 
antiseptic solution and sealed with tincture 
of benzoin. All aseptic precautions were 
taken during the operation. No antibiotics 
were given to the animals in the postopera- 
tive period. 

The rats were divided into two major 
groups: 1 and 2. Group 1 was the control 
group and group 2 the animals receiving 
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4 insubstantial Substantial 
Adhesions 


rats). 


the proteolytic enzyme. The animals in 
group 1 were then subdivided into groups 
A and C. 

Group A.—This group consisted of 25 rats 
that were killed on the 14th day after oper- 
ation. The abdomen was opened by a lon- 
gitudinal incision in one of the flanks and a 
window-shaped flap of the abdominal wall 
was raised. This was done so the original 
site of incision could be studied on its peri- 
toneal aspect. The number and extent of 
adhesions present were noted and graded 
according to the classification shown in 
Table 1. The rats in this group served as 
controls for those in group B of group 2. 

Group C.—This group consisted of 15 
rats. They were operated on according to 
the technique described above, and after 


Fig 2.—Intestinal obstruction due to adhe- 
sive bands in control group. Note severe dil- 
atation of intestinal loops and cecum. 





Table 2.— Observations on Grou ps 
Cand D 


aE eee 







Group C Group D 
No. of rats 15 15 
Dosage 1 tablet/ 
kg/day 











Grade of adhesions 
after 1st operation 
0 










1 
2 
3 


m o0 H: 
00 Oe 


4 

Grade of adhesions 
after 2nd operation 
(0) FA 









; k O10 


1 
2 
3 
4 





14 days they were reoperated on again 
with the use of anesthesia. The abdomen 
was opened by a left paramedian incision 
and the extent of adhesions produced by 
the previous operation was graded and 
recorded. These adhesions were carefully 
divided to lay the cecum and intestines 
free from each other and from the pa- 
rietes. The abdomen was closed in two lay- 
ers with No. 60 linen sutures. These ani- 
mals were then killed 14 days after the 
second operation, and the adhesions pro- 
duced at this stage were graded. This 
group served as a control for the animals 
in group D of group 2. 

The rats in group 2 were subdivided into 
groups B and D. 

Group B.—Thirty-five animals were in- 
cluded in this group. The first ten animals 
received the proteolytic enzyme orally in a 
dose of one-fifth of a tablet per kilogram 
of body weight per day, divided into two 
equal doses for seven days. In the remain- 
ing 25 animals, the dosage was increased 
to one-half of a tablet per kilogram per 
day, given in two equal doses. This treat- 
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No, of Rats 





0 1 2 3 4 
Grade of Adhesions 
Fig 3.—Results from 25 rats receiving proteolytic enzyme in (group B). 
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insubstantial 





Source 
Kubosa!2 







Ochsrer & 
Mason!8 

Ochsrer & 
Gaerside!4 
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Griecc "6 
Bogar” 
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Stevess!’ 






Kapur et al% 







Preseat 
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Rea & Wang- 


Year 
1922 


1928 
1932 
1934 
1934 
1934 
1937 
1938 
1968 


1969 


1972 


Animals 
Used 


NSt 


Rabbits 
& dogs 

Rebbits 
& dogs 

Rebbits 


NS 
NS 
Rebbits 
NS 


Rets 
& dogs 


Monkeys 


Rats 


Table 3.—Results With Papain or Proteolytic Enzyme Treatment 


Route and Dosage* 


Intraperitoneal 
strengths between 
1:1,000 to 1:500,000 
Intraperitoneal 
1:1,000 to 1:400,000 
Intraperitoneal 
1:50,000 to 1:100,000 
Intraperitoneal 
1:50,000 
Intraperitoneal 
Intraperitoneal 
Intraperitoneal 
25 mg proteolytic enzyme 
with 0.08% sodium citrite 
Intraperitoneal 
1:50,000 
Intraperitoneal, 
lympholyzed papain 
solution 
Orally given proteolytic 
enzyme \% tablet/ 
kg/day 
Orally proteolytic 
enzyme !⁄ tablet/ 
kg/day 


* Diluiing substance used in intraperitoneal doses was distilled water. 


+ NS sgnifies not stated. 
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Results 
Excellent 


Excellent 
Excellent 
Excellent 
in75% 
Satisfactory 
Poor 
Satisfactory 


Poor 


Poor 


Satisfactory 


Excellent 


ment was started on the day of operation 
and continued for seven days. 

For oral administration, tablets of 
the proteolytic enzyme preparation were 
crushed and dissolved in a known quantity 
of distilled water. The solution was freshly 
prepared before each administration in or- 
der to prevent deterioration or enzymatic 
activity of the drug. The solution was 
given to the rats through a polythene 
stomach tube. The animals were killed 14 
days after operation and the presence or 
absence of adhesions was noted and 
graded for each animal. 

Group D.—Fifteen rats in this group 
were reoperated on 14 days after the 
initial operation. At the time of the sec- 
ond operation, the abdomen was opened 
through a left paramedian incision and the 
extent of adhesions present was graded 
and noted. All adhesions were carefully di- 
vided and the abdomen was closed in two 
layers. These animals were administered 
the proteolytic enzyme in a dose of one- 
half a tablet per kilogram per day in two 
divided doses for seven days from the day 
of operation. They were then killed 14 days 
after the second operation and the grade 
of adhesions produced was recorded. 


Results 


Of the 25 rats in group A (Fig 1), 
only one developed no adhesions at all 
(grade 0). Four developed grade 1 
adhesions, ten developed grade 2 ad- 
hesions, seven developed grade 3 ad- 
hesions, and in three rats, grade 4 ad- 
hesions were seen. One of the animals 
with grade 3 adhesions was found to 
have developed intestinal obstruction 
due to a kinking of the intestines 
around the adhesions (Fig 2). Twenty 
of 25 rats (80%) developed substantial 
adhesions (grades 2, 3, and 4, and only 
five rats (20%) developed insubstan- 
tial (grades 0 and 1) adhesions in the 
control group (Fig 1). 

In group B, ten animals received 
initially the proteolytic enzyme in a 
dose of one-fifth of a tablet per kilo- 
gram per day. Two rats developed 
grade 0 adhesions; two, grade 1; 
three, grade 2; and three, grade 3. 
Four out of ten rats (40%) had insub- 
stantial adhesions and six (60%), sub- 
stantial adhesions. It was presumed 
at this time that either the drug was 
ineffective in preventing the forma- 
tion of adhesions or the dosage em- 
ployed was not adequate to exert an 
effect. Consequently, we decided to 
experiment with a larger dosage. 
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Twenty-five animals were then given 
the preparation in a dose of one-half 
of a tablet per kilogram per day for 
seven days (Fig 3). Seventeen rats de- 
veloped grade 0 adhesions; six, grade 
1; one, grade 2; and one, grade 3 adhe- 
sions. Twenty-three rats (92%) had 
insubstantial adhesions and two (8%), 
substantial adhesions. 

The results obtained in 15 rats from 
group C are shown in Table 2. After 
reoperation, more animals had devel- 
oped grade 3 and 4 adhesions (grade 
3, eight adhesions, grade 4, three ad- 
hesions) as compared to the results 
after the first operation (grade 3, five 
adhesions, grade 4, one adhesion) (Fig 
4). 

Group D (15 rats) was included to 
see the effect of the proteolytic en- 
zyme on the adhesions that reformed 
after lysis of previous adhesions. The 
difference in the results obtained af- 
ter the first and second operations 
(lysis and proteolytic enzyme) can be 
seen in Table 2 and Fig 4. Only one 
animal in group D developed substan- 
tial adhesions (grade 2), and none de- 
veloped grade 3 or 4 adhesions despite 
having undergone two operations. 


Comment 


Intraperitoneal adhesions are com- 
mon causes of intestinal obstruction. 
Various data have been recorded re- 
garding the incidence of postopera- 
tive intraperitoneal adhesions and its 
complications, varying from 1.9% to 
91.1%." Although aseptic surgery 
and use of antibiotics help to reduce 
the incidence of postoperative peri- 
toneal adhesions, they still continue 
to occur. 

Several surgeons have used differ- 
ent criteria for grading adhesions.*-° 
We believe that the system of grad- 
ing adopted in this study (Table 1), a 
slight modification of the criteria de- 
scribed by Knightly et al,’ is a satis- 
factory, rational, and simple method 
of grading. We have further sim- 
plified the grading by dividing the 
groups into insubstantial (grades 0 
and 1) and substantial (grades 2, 3 
and 4) adhesions. 

Most physicians have employed me- 
chanical*’ rather than chemical meth- 
ods™° for inducing peritoneal adhe- 
sions in experimental animals. In this 
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After Lysis 


Substantial insubstantial 
Adhesions 


After Lysis & Oral Papase 


Substantial Insubstantial 
Adhesions 


Fig 4.—Comparison of results from rats in groups C and D. 


study, absolute alcohol was used to 
produce chemical irritation to induce 
adhesions. This method was preferred 
to a mechanical method, as described 
by Thomas and Rhoads,’ because it 
was found to be uniformly satisfac- 
tory, the results were fairly constant, 
and there was little chance of diver- 
gence with this technique. The same 
views have been reported by Punnose 
and Sachdeva." 

Prevention of Postoperative Adhe- 
sions.—Innumerable substances and 
methods have been used, either lo- 
cally in the peritoneal cavity or sys- 
tematically, in an effort to prevent or 
reduce the occurrence of postopera- 


tive peritoneal adhesions, but all have 
not been consistently successful, thus 
limiting their use in clinical practice 
on a large scale. 

Kubota” first advocated the use of 
papain (an enzyme obtained from Ca- 
rica papaya) intraperitoneally for the 
prevention of peritoneal adhesions, 
and reported excellent results. For 
the past 50 years, several other physi- 
cians have had experience with the 
use of papain for the prevention of 
peritoneal adhesions (Table 3*'2-*°), 

Even though different animals have 
been used (Table 3), the results with 
this enzyme have been very promis- 
ing. Only Grieco,’® Donaldson, and 
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Stevens” were unable to find any use 
for papain in the prevention of peri- 
toneal adhesions. 

Utility of Proteolytic Enzyme in Re- 
ducing Postoperative Adhesions.—The 
resulzs obtained with the use of pro- 
teolyzic enzyme in the rats in group 2 
(B and D) contrast very sharply with 
those of group 1 (A and C). 

The results of this study and those 
of Kapur et al” indicate that oral ad- 
ministration of this product substan- 
tially reduces the incidence of adhe- 
sions. and those that form are 
inconsequential. 

Mode of Action.—Papain is a crude 
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extract derived from the unripe fruits 
of Carica papaya, while our oral prep- 
aration is a more highly purified ex- 
tract of this substance. Most surgeons 
have used papain intraperitoneally. 
Being a proteolytic enzyme, its par- 
enteral administration is not feasible, 
because of a high degree of toxicity. 
Now that oral use of purified extract 
in the form of this proteolytic enzyme 
is also effective, it opens up more pos- 
sibilities in clinical practice. In addi- 
tion to another clinical report,” this 
study also has shown that proteolytic 
enzyme is effective when adminis- 
tered orally. However, the manner in 
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which it acts, following oral adminis- 
tration, is not entirely clear. The most 
plausible explanation is that offered 
by Pollack.” He suggests that papain 
activates the plasminogen activator 
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fluence fibrinolytic phenomena in the 
body by triggering the plasmin sys- 
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dence of the mode of action of orally 
administered proteolytic enzyme is 
available from studies conducted so 
far. 
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The effect of increased intracolonic pres- 
sure on net water, sodium, and unidirec- 
tional sodium movement in the ascending 
colon of adult rats was measured. With ele- 
vations of intraluminal pressure from con- 
trol values of 4 to 30 mm saline, a rapid re- 
versal of net absorption to net secretion 
occurred; this increased over the next hour, 
although the pressure was kept stable. In- 
creases in the exsorption or blood-to-lumen 
movement of sodium were the main reasons 
for the net secretion observed; it is sug- 
gested that an increased intraluminal pres- 
sure is transmitted across the mucosa, caus- 
ing an increase in mucosal interstitial 
pressure with a diffusion of isotonic saline 
into the lumen in response to this gradient. 


A early as 1917, Dragstedt et 
al’ demonstrated accumulation 
of fluid within canine intestinal 
closed loops. Net transfer of fluid and 
electrolytes from plasma to bowel lu- 
men above an obstruction is now 
a well-documented phenomenon.:' 
Wangensteen in 1947: demonstrated 
that proximal pancreatic, biliary, and 
gastrointestinal tract secretions ac- 
cumulate above the point of obstruc- 
tion. In addition, occlusion of the in- 
testinal lumen sets in motion a train 
of events that influence absorption 
and secretion of fluids. Intestinal ob- 
struction initiates a rise in intraenter- 
ic pressure and portal venous pres- 
sure,’ changes in the vascular pattern 
of intestinal villi, and alterations in 
motility. 
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A study of bidirectional fluid and 
cation movement in obstructed ileal 
segments in dogs, 12 to 60 hours after 
simple ligation of the distal ileum, 
was performed by Shields? in 1965. He 
showed a time-related progressive 
change from net absorption to net se- 
cretion in the intestinal segment 
above the obstruction. 

This study was organized to inves- 
tigate the changes in fluid and elec- 
trolyte transport across colonic mu- 
cosa following marked increase in 
intracolonic pressure. 


Materials and Methods 


In vivo perfusion of the ascending colon 
of the rat was the model used to document 
fluid and electrolyte transport under con- 
trol and experimental conditions. Water 
movement was documented by studying 
changes in perfusate concentration of 
polyethylene glycol 4,000 (PEG), a nonab- 
sorbable water marker, validated for colon 
perfusion studies by Shields et al.” How- 
ever, Bloom et al* have recently empha- 
sized the need for verification of all mark- 
ers under the conditions of the study, and 
thus, the completeness of recovery of PEG 
when instilled into the ascending colon un- 
der conditions of increased intracolonic 
pressure was validated before proceeding 
to the main study. 

Preliminary Study: A.—In 250 to 300 gm 
Wistar strain rats under light intraperito- 
neally injected pentobarbital sodium 
anesthesia, a laparotomy was performed, 
the ascending colon identified, the cecum 
ligated to prevent trapping of fluid and 
marker, and 10 cm of ascending to mid- 
transverse colon isolated between polyeth- 
ylene inlet and outlet catheters. Intralumi- 
nal pressure was recorded by the insertion 
of a small intraluminal catheter attached 
to a standard manometer into the midpor- 
tion of the isolated segment. A known 
amount of PEG in 4 ml of isotonic, normal 


saline was instilled into the isolated colonic 
segment in 15 control animals. This gave 
intraluminal fluid pressure readings of 3 to 
7 em saline. 

In a second series of 15 animals, the 
same amount of PEG was instilled into the 
isolated loop and normal saline added to in- 
crease and maintain intraluminal colonic 
pressure between 37 and 40 cm saline. Af- 
ter one hour, all intraluminal fluid was as- 
pirated, the colonic loop and all tubing 
thoroughly irrigated with saline, and, fi- 
nally, the loop excised, its length mea- 
sured, the bowel opened and again irri- 
gated, collecting and measuring all wash 
solution. 

The PEG concentration was assayed uti- 
lizing the standard turbidometric tech- 
nique of Hyden,’ and PEG recovery calcu- 
lated as follows: PEG infused (expressed 
in milligrams) = volume infused (expressed 
in milliliters)x PEG concentration (ex- 
pressed as milligrams per milliliter); PEG 
recovered (milligrams)=volume of total 
wash (milliliters)xPEG concentration 
(milligrams per milliliter); % recov- 
ery =(PEG infused/PEG recovered) x 100, 

Experimental Protocol: B.—Adult male 
Wistar rats were lightly anesthetized 
with intraperitoneally injected pentobarbi- 
tal sodium and at laparotomy the ascend- 
ing colon was identified, the cecum ligated, 
and inflow and outflow catheters inserted 
through the ileocecal valve and into the 
midtransverse colon, creating an isolated 
loop between the catheters. Intraluminal 
pressure was again recorded via a small in- 
traluminal open-ended catheter attached 
to a standard manometer. 

The test perfusate consisted of isotonic 
normal saline containing 10 millimols of 
glucose, 1% PEG, 0.1% inulin, and 5 micro- 
curies of sodium chloride Na 24 per liter. 
The perfusate was maintained at 40 Cina 
heated water bath and delivered at 0.4 
ml/min through the inflow catheter via 
a peristaltic infusion pump. Each animal 
acted as his own control. After a one-hour 
equilibration period to reach steady state 
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Fig 2.—Net sodium movement altered by increased intraluminal 
pressure in similar fashion to net water movement. 


mal, full recovery Ñas not taxer place 45 minutes later. 


conditions, three consecutive 15-minute ef- 
- fluent samples were collectec. Intraluminal 
pressure was recerded eaca 15 minutes. 
The perfusate and all effuent samples 
were assayed for sodium, potassium, glu- 
cose, PEG, and sodium ehlaride Na 24 as 
counts per minute: 

Intracolonic pressure was then raised by 
decreasing the diameter @ the outflow 
catheter while maimteining he same infu- 
sion rate, thus increasing the resistance to 
flow. When intraeolonic pressure reached a 
mean of 31 cm perfusate (+3.3 cm SD), it 
was maintained at this level and three con- 
secutive 15-minute effluent samples col- 
lected. In five of the 15 anmels, intraco- 
ionic pressure was then rapiely returned to 
normal, and three more 15-minute effluent 
samples obtained. 

Sodium and potassium were analyzed in 
a standard flame photometer. Glucose was 
measured enzymatically, u ilizing a glu- 
cose oxidase technique. Polyethylene glycol 
was determined by < modiication of the 
turbidometric assay of Hyden. Sodium 
chloride Na 24 radioactivity was measured 
by counting 1 mi of sample in water in a 
scintillation counter, with standard correc- 
tions for the decay of the isotope. Net 
water, sodium, and unidiresticnal sodium 
movements were calculated “rom standard 
formulae derived from Shelds* and ex- 
pressed as milliliters of water or micro- 
_ equivalents of sodium absorbed or secreted 
per centimeter of eolon per Four. The equa- 
tions are as follews: 

(1) net water transport (milliliters per min- 
ute) = VI—(VI x fC°®°1/C"="F}), 
where VI = initial infusion race, O’*°I = con- 
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PEG Recovery* 


Volume infused, ml 
Pressure maintained, ml H,O 
PEG recovery, % 


* Values expressed as mean + SE. 


centration of PEG in initial perfusate, and 
C’"6F = concentration of PEG in effluent 
sample 

(2) net transport of electrolyte (micro- 
equivalents per minute)=(VIxC*l)— 
(VI)(C®F)(CP®S1/C’®SF), 

where C*I =concentration of electrolyte in 
perfusate or initial sample and C*F = con- 
centration of electrolyte in final sample 
(3) movement of electrolyte out of colonic 
lumen (insorption) (microequivalents per 
minute) =2VI [C®*I—(C®*F)(C"°I/C"®°F )J/ 
[(C®*I/C®I) +(C®*F/C®F)], 

where C®*I =radioactivity of sodium chlo- 
ride Na 24 in perfusate or initial sample 
(counts per minute per milliliter) and 
C®*F =radioactivity of sodium chloride Na 
24 in final sample. 


Results 


Preliminary Study: A.—Similar re- 
covery of PEG under control and ex- 
perimental conditions was docu- 
mented (Table). More than twice the 
control volume of fluid was instilled 
to reach intracolonic pressures of 
38.8+ 1.2 ml H,O; however, over 


Control 

4.0+0.2 

5.1 + .07 
96.04 + 1.8 


High Pressure 
8.10.3 
38.8+1.2 
96.07 + 1.4 





the observation period, fluid had to 
occasionally be withdrawn to prevent 
further pressure increases. 
Experimental Protocol: B.—After a 
one-hour equilibration period, there 
was less than 10% fluctuation in PEG 
concentration in the sequential ef- 
fluent samples. During this period, 
absorption of both water (0.34 + .03 
ml/em/hr) and sodium 44.9uEq/ 
em/hr + 4.4uEq/em/hr occurred (Fig 
1 and 2). One hundred twenty-nine 
milliequivalent of sodium were ab- 
sorbed per liter of water, approxi- 
mately an isotonic solution. Fol- 
lowing an increase of intraenteric 
pressure to over 30 cm saline, there 
was a rapid reversal of both net wa- 
ter and net sodium absorption to net 
secretion, which was demonstrated at 
15 minutes, and continued to increase 
over the observation period (Fig 1 
and 2). After intraluminal pressure 
was rapidly returned to control levels, 
recovery was again progressive, but 
net secretion of both sodium and wa- 
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Fig 3.—Measurement of unidirectional sodium movement shows 
several-fold increase in exsorption or blood-to-lumen movement as 
main factor causing shift from net absorption to net secretion. 


ter was still present after 45 minutes. 
Unidirectional sodium movement 
during the control period demon- 
strated bidirectional movement of so- 
dium, with insorption (lumen-to-blood 
movement) exceeding exsorption 
(blood-to-lumen movement), result- 
ing in net absorption (Fig 3). With in- 
creased intraluminal pressure there 
was a rapid drop in lumen-to-blood 
flux followed by recovery, and insorp- 
tion was significantly different from 
control values (P>.05) only at 15 
minutes. However, a rapid and highly 
significant increase in exsorption was 
found after increasing intracolonic 
pressure (Fig 3). This showed a delay 
in recovery with return to normal 
pressures. At all times (Fig 4) there 
was a significant correlation between 
water and sodium movement and net 
movement whether absorption or se- 
cretion was isotonic. 


Comment 


It has been shown that increases of 
portal pressure to more than 40 cm 
H,O cause blood to enter the intesti- 
nal lumen.” Thus, it was imperative 
to demonstrate continued integrity of 
the colonic mucosa, and reliability 
of the chosen nonabsorbable water 
marker under our experimental con- 
ditions. After a one-hour period of 
raised intraluminal pressure, PEG re- 
covery from closed colonic loops was 
identical to recovery in control ani- 
mals (Table). In both situations, 
recovery ranged from 93% to 104%. 
About 4% of instilled PEG was not re- 
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H20 (mi/cm/hr) 


I. 


E Control Period 

CI High-Pressure Period 
Recovery Period 

1 + SE 


30 45 R 


covered with our wash-out technique, 
perhaps due to adsorption to colonic 
mucosa secondary to prolonged con- 
tact over a one-hour period. With per- 
fusion techniques, PEG is less likely 
to migrate from the axial stream and 


adhere to mucosal surface. The error. 


involved in a recovery of only 96% is 
about 10% and no correction factor 
was used. 

Intestinal obstruction initiates a 
series of events, one of the most im- 
portant of which is a progressive ac- 
cumulation of fluid within the lumen 
causing distention of the bowel wall, 
and an increase in intraluminal pres- 
sure. Blickenstaff et al in 1951 showed 
statistically significant differences in 
the mean rates of absorption of chlo- 
ride and water at different levels of 
hydrostatic pressure, and Shields’ 
and Wright et al? have elucidated 
events further by demonstrating a 
highly significant increase in exsorp- 
tion as the major alteration in dy- 
namics of fluid and solute movement. 
Both the duration of the obstruction 
and the level of intraenteric pressure 
reached are important factors, with 
the latter probably depending on the 
former. An in vitro study by Hakim 
and Lifson” on the effects of pressure 
on water and solute transport by dog 
intestinal mucosa demonstrated that 
while rises in mucosal pressure up to 
20 cm H,O did not affect fluid ab- 
sorption, even slight increases in 
serosal pressure rapidly reversed ab- 
sorption to secretion. In vivo, in- 
creased intraluminal pressures are 


Na (uEq/cm/hr) Absorption 






r= 0.82 





Na 


Fig 4.—Net sodium movement plotted against net water move- 
ment, both during the initial control period (absorption) and under 
conditions of increased intracolonic pressure. 


probably fairly rapidly transmitted 
across the epithelial cell, although 
this event has never been directly 
measured. Increases in tissue hydro- 
static pressure in association with an 
increase in the hydraulic conductivity 
of the intestinal epithelium due to a 
loss of epithelial integrity result both 
in a loss of the intestine’s ability to 
effectively pump sodium, and to a 
leak of sodium into the intestinal lu- 
men via the intercellular shunt path- 
way, resulting in a net secretion of 
sodium. 

In our study, alterations in net 
water and net sodium movement oc- 
curred simultaneously with a correla- 
tion coefficient of 0.83 in the control 
period and 0.94 in the high-pressure 
period. This is in keeping with a 
model of passive water transport sec- 
ondary to active sodium movement. 

Reversal of net absorption to net 
secretion of both water and sodium 
was very rapid after an increase in 
intraluminal pressure, and continued 
to increase over the 45-minute obser- 
vation period. This study was orga- 
nized to study the time relationship 
between fluid and solute movement 
and pressure changes. Thus a true 
steady state condition was never 
reached, and a follow-up study to 
elucidate this point is in progress. The 
equations used to calculate both 
unidirectional and net movement are 
based on infusion rate, not on total 
intracolonic volume, which was dif- 
ferent under control and experimen- 
tal conditions, and thus some error 
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might have been introduced, although 
we feel the results are szill valid. 

After return of intrazolonic pres- 
sures to normal, there was a progres- 
sive decrease in net secretion, but 
even after 45 minutes, duid and so- 
lute mevement had not returned to 
net absorption. If altered movement 
was a simple, direct effee= of pressure, 
one would expect a more rapid recov- 
ery. There is probably a concomitant 
increase in portal pressare with in- 
creased interstitial pressure, and 
Shields and Code have shown delayed 
recovery of intestinal absorption af- 
ter even short periods of elevated por- 
tal pressures.’ Metabolic effects on in- 
testinal mucosal cells caused by 
prolonged increases in intraluminal 
pressures would also be slow to re- 
cover. 

A look at the unidirectional sodium 
chloride Na 24 movement (Fig 3) 
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Present day understanding of the mech- 
anism whereby vast quanczities of fluid 
may be lost into the lumen of a segment of 
obstructed intestine is due largely to the 
elassic studies of Wangersteen. Increases in 
the radius of the distended bowel produced 
increased tension on the intestinal wall 
with obstruction of small veins, causing 
fluid to pass into the interstitium and fi- 
nally into the bowel lumen The present 
study supports this hypothesis. Of particu- 
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shows us that the major change 
caused by raising luminal pressure is 
a progressive increase in blood-to-lu- 
men sodium movement, with a delay 
in the decrease of this movement af- 
ter return to control intracolonic 
pressures. Although lumen-to-blood 
sodium movement is initially de- 
creased, this partially recovers and is 
significant only in the early time pe- 
riod following elevation of intraco- 
lonic pressure. This series of events 
can best be explained by a concept of 
mainly active transport of sodium 
from lumen to blood, while movement 
in the reverse direction is a filtration 
or diffusion phenomenon dependent 
on the creation of osmotic gradients 
as described by Diamond.’ With 
transmission of increased pressure 
from the lumen to the mucosal inter- 
stitium, pressure gradients are set up 
stimulating the passive process of fil- 
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Editorial Comment 


lar interest is the observation that fluid 
loss into the valve persists long after the 
intestine has been decompressed. A differ- 
ent mechanism for venous obstruction 
must have supervened. A possible explana- 
tion concerns the second consequence of 
bowel distention, namely tissue ischemia 
producing increase in capillary permeabil- 
ity to protein. Albumin in the interstitial 
spaces will exert an osmotic force raising 
interstitial pressure and perpetuating 


tration, while active uptake of sodium 
and thus water from the intestinal lu- 
men is little affected. 

In summary, this study confirms 
and elucidates some long-standing 
clinical observations. It particularly 
underlines the magnitude of the fluid 
loss that can be caused by significant 
increases in intracolonic pressure, 
and reminds us that this loss contin- 
ues for some time after the relief of 
the obstruction. The fluid shift is 
isotonic, and similar in electrolyte 
composition to plasma. It also points 
out the danger in delay of relief of 
obstruction as the alteration in fluid 
dynamics is a progressive one, and re- 
covery of function is probably much 
slower in cases of obstruction. 
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venous obstruction. Recovery of the integ- 
rity of the capillary and disposal of the in- 
terstitial protein must take place before 
loss into the bowel can be reversed. The 
time required for such recovery will de- 
pend on the severity and duration of the 
bowel distension. 
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The Ineffectiveness of 


Steroid Therapy in Treating 


Aspiration of Hydrochloric Acid 


Roy L. Chapman, Jr., MD; John B. Downs, MD; Jerome H. Modell, MD; 


C. Ian Hood, MB, ChB, Gainesville, Fla 


Following aspiration of 0.1N hydrochloric 
acid with pH 1.0, 20 mongrel dogs were ven- 
tilated mechanically for four hours. Positive 
end-expiratory pressure of 10 cm H.O was 
added continuous positive-pressure ventila- 
tion (CPPV). In addition to CPPV, ten of the 
dogs received methylprednisolone (30 mg/ 
kg body weight). The CPPV improved arte- 
rial oxygen tension, decreased venous ad- 
mixture, increased arterial-venous oxygen 
content difference, and decreased systemic 
blood pressure. The addition of methyl- 
prednisolone did not significantly improve 
oxygenation, survival, or any other variable 
measured. 


e recently have shown that 

the response to aspiration of 
hydrochloric acid (pH 1.0) of sponta- 
neously breathing dogs is unaltered 
by the administration of methyl- 
prednisolone'; 80% of those animals 
died. It is possible that no effect was 
seen because of the severity of our 
model. Mechanical ventilation has 
been shown to increase survival of 
dogs that aspirate HCl.?° This study 
was designed to evaluate whether in- 
travenous steroid therapy would im- 
prove arterial oxygenation or survival 
of dogs after acid aspiration when 
they were also treated with contin- 
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uous positive-pressure ventilation 


(CPPV). 
Materials and Methods 


Twenty mongrel dogs (11.4 to 19.8 kg) 
were secured in the supine position and 2 
ml of blood was drawn anaerobically from 
a femoral artery while they breathed room 
air. Determinations of arterial pH, oxygen 
tension (Po.), and carbon dioxide tension 
(Pco,) were made with direct-reading elec- 
trodes. A complete blood count was ob- 
tained, and the respiratory and heart rates 
recorded. The dogs then were anesthetized 
intravenously with pentobarbital sodium, 
25 mg/kg. The trachea was intubated with 
a cuffed endotracheal tube, and esophageal 
temperature probe was inserted to the 
level of the heart, and a 20-gauge Teflon 
catheter was inserted percutaneously into 
the femoral artery. A chest roentgen- 
ogram was taken and repeated four hours 
later, and daily following aspiration. In ten 
of the dogs, a catheter was placed percu- 
taneously via the external jugular vein 
into the pulmonary artery. Systemic arte- 
rial blood pressure, pulmonary artery pres- 
sure, and pulmonary capillary wedge pres- 
sure were monitored for five hours. Blood 
drawn from both the femoral and pulmo- 
nary artery catheters were analyzed for 
gas tensions and hemoglobin level. Venous 
admixture (Q,,/Q,) and arterial-venous 
oxygen content difference (CaO,—CvO.) 
were calculated according to standard for- 
mulas.” A third sample of arterial blood 
was analyzed for hemoglobin level, pH, 
Po., and Pco, one minute prior to aspira- 
tion (0 to 1 minute). The tidal volume (V+) 
of the dog was measured, and the physi- 
ologic dead space: tidal volume ratio 
(V,,/V~) was calculated.’ The pH, Pco., and 
Po, values were corrected to the animals’ 
temperatures. 

Then 2 ml/kg body weight 0.1N HCl (pH 
1.0) was instilled through the endotracheal 
tube. No therapy was administered to ei- 
ther group until 21 minutes following aspi- 
ration when all dogs were ventilated me- 


chanically (V,, 15 ml/kg; rate, 15 to 20 
times per minute) with volume-controlled 
ventilators. Large-bore tubing was placed 
underwater to provide 10 cm H,O positive 
end-expiratory pressure (PEEP). 

The dogs were randomly assigned to two 
groups. The ten dogs in group 1 (control) 
received an intravenous injection of 10 ml 
of normal saline, 21 minutes following as- 
piration of the HCl. The ten dogs in group 
2 received an intravenous injection of 
methylprednisolone sodium succinate (30 
mg/kg body weight) 21 minutes following 
aspiration of the HCl. 

Data were collected before aspiration 
and at frequent intervals thereafter. Me- 
chanical ventilation was discontinued 4% 
hours following aspiration. After five 
hours all surviving dogs were responsive 
from their anesthesia. All catheters were 
removed and the dogs were placed in oxy- 
gen tents containing 30% to 40% oxygen 
until they maintained an arterial Po,> 70 
mm Hg while breathing room air. No other 
therapy was administered. 

Autopsies were performed on all dogs 
that died except one (excessive autolysis), 
and the survivors were killed three weeks 
following aspiration. At postmortem ex- 
amination, the trachea was exposed and 
cross-clamped. The thorax was opened, the 
lungs inspected, and the trachea and lungs 
were removed en bloc. The lungs were 
weighed and then inflated with 10% buff- 
ered formaldehyde solution for at least 48 
hours prior to sectioning. All lobes were in- 
spected and any grossly abnormal areas 
were sampled. Eight to 13 blocks of tissue 
were taken from each lung and washed 
overnight in running water prior to pro- 
cessing. All sections were stained with 
hematoxylin and eosin. Selected sections 
were also stained with Masson trichrome 
and Wilder reticulin stains. 


Results 


Immediately following aspiration 
of the HCl, the dogs became apneic 
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Fig 1.—Arterial Po., Pco,, and pH (+ SD) while breathing spontaneously and while being 
ventilated mechanically with PEEP (fraction of inspired oxygen equals 0.21) prior to and 


following aspiration of 0.1 HCI. 


for 10to 20 seconds; this was followed 
by severe tachypnea. All 20 dogs were 
alive three hours postaspiration, 19 
were alive at four hours, 12 at 24 
hours, and there were four survivors 
in each group at two weeks. 

Marked hypoxia occurred in all ani- 
mals within ten minutes of aspirating 
HCl “P<.001) (Fig 1). The arterial 
Po, increased approximately 30 torr 
while che dogs were mechanically venti- 
lated with room air (P<.001) (Fig 1). 
It tock one week for the mean arte- 
rial Po, to reach the preaspiration 
value in the surviving dogs. At no 
time was the mean arterial Po, of the 
animals that received steroids signifi- 
eantly different from the control 


group. 
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The arterial Pco, increased ap- 
proximately 10 torr following aspira- 
tion (P<.05) (Fig 1). A significant 
drop in the arterial pH developed im- 
mediately following aspiration and 
persisted in spite of CPPV (P<.01). 
The arterial pH returned to normal in 
the dogs that survived by 24 hours 
(Mig 3), i 

The Q,,/Q, increased to over 40% 
within 20 minutes after aspiration of 
HCl (P<.05), but improved signifi- 
cantly while the dogs were mechani- 
cally ventilated (P<.001) (Fig 2). The 
CaO, — CvO, increased following as- 
piration and increased still further 
with CPPV to 2.3 times the pre- 
aspiration value (P<.01) (Fig 2). 

The dogs’ heart rates decreased fol- 


lowing aspiration, but returned to 
preaspiration levels after treatment 
was begun. Mean systemic blood 
pressure fell from 158 + 9 mm Hg to 
1388+17 mm Hg (P<.05) immedi- 
ately following aspiration. The blood 
pressure decreased further when 
CPPV was instituted to 104+ 24 mm 
Hg (P<.01). Neither pulmonary ar- 
tery pressure nor pulmonary capillary 
wedge pressure changed significantly 
following aspiration of HCl, or during 
CPPV therapy (P> .05). The V/V: 
increased following aspiration of HCl 
in all dogs from 048+0.11 to 
0.55+ 0.08 (P<.001). Three weeks 
later, the V,,/V, was not significantly 
different in survivors than pre- 
aspiration (0.50 + 0.10) (P> .3). There 
were no significant differences be- 
tween the dogs that recevied methyl- 
prednisolone and the control group 
with respect to any of the above vari- 
ables measured at any time (P> .10). 

When mechanical ventilation was 
stopped 4% hours following aspira- 
tion, all dogs developed pink, frothy 
material in their tracheas. The dogs 
became tachypneic, but the respira- 
tory rate was not as rapid as immedi- 
ately following aspiration of HCl. 

Hemoglobin concentration de- 
creased by 2.3 + .1 gm/100 ml follow- 
ing induction of anesthesia (P<.05), 
but increased following aspiration in 
both groups. By 300 minutes post- 
aspiration, hemoglobin cencentration 
was 4.5+ .9 gm/100 ml higher than 
preaspiration (P<.001). White blood 
cell (WBC) counts also increased fol- 
lowing aspiration. This change was 
significant in group 2 (P<.01) but not 
in group 1 (P> .05). At 24 hours, the 
WBC was significantly higher in the 
dogs that received corticosteroids 
than in those that received saline 
(P<.01). White blood cell counts re- 
turned to normal in both groups by 
two weeks. 

Four hours following aspiration of 
0.1N HCl, all chest roentgenograms 
showed infiltration of both lung 
fields, which was most severe in the 
hilar areas. Complete clearing of the 
chest roentgenogram was seen in sur- 
vivors by two weeks. 

At postmortem examination, the 
lungs of the 11 dogs that died from 30 
to 72 hours following instillation of 
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acid were similar. Extensive consoli- 
dation and hemorrhage involved both 
lungs. The consolidation ranged from 
small foci in some lobes to almost to- 
tal involvement of others. There was 
no apparent preferential involvement 
of one side over the other; however, 
the diaphragmatic lobes were usually 
more severely involved than the api- 
cal lobes. The lungs were 2.10 to 3.80 
times heavier than the estimated nor- 
mal weight. (Normal lung weight was 
estimated by the formula 9.4 x body 
weight [kg]=lung weight [gm].*) 
Five of the eight dogs surviving three 
weeks had normal lung weights; one 
was 0.8 of the expected weight, while 
two were 1.36 and 1.39 times heavier 
than normal. All animals that died 
had evidence of acute bronchitis and 
bronchiolitis characterized by necro- 
sis and sloughage of mucosa, poly- 
morphonuclear leukocytic exudation 
and infiltration, and focal necrosis of 
some airway walls. Around respira- 
tory and terminal bronchioles there 
were reactive edematous zones of 
variable size, sparse in some sections 
and confluent in others. In some of 
these zones the alveolar septal capil- 
laries were engorged and distended 
with erythrocytes; in others they 
were dilated, but appeared empty or 
contained eosinophilic material, while 
in still others they were collapsed. 
The walls of the latter capillaries 
were eosinophilic and necrotic, being 
devoid of nuclei or containing only 
pyknotic or ghost nuclei. In some of 
these areas there was also extensive 
intra-alveolar hemorrhage. In and 
around many of the zones there was a 
polymorphonuclear leukocyte infil- 
trate. 

In the three dogs that died at 72 
hours, there was beginning resolution 
characterized by regenerating bron- 
chial epithelium, a decrease in the 
acute inflammatory component, the 
presence of macrophages, and some 
proliferation of fibroblasts with early 
bronchiolitis obliterans. 

The lungs of the eight dogs that 
survived three weeks were identical 
to each other. In each, the apical lobes 
appeared to be normal while there 
were visible scars in the diaphrag- 
matic lobes, predominantly in their 
dorsal aspects. In addition, there 
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Fig 2.—Venous admixture (Ova /Òr) (+ SD) and arterial-venous oxygen content differ- 
ence (CaO, — CVO,) (+ SD) while breathing spontaneously and while being ventilated me- 
chanically with PEEP (fraction of inspired oxygen equals 0.21) prior to and following as- 


piration of 0.1N HCI. 


were apparent blebs on the surfaces 
of the diaphragmatic lobes. On gross 
sections this appearance proved to be 
due to pleural retraction over paren- 
chymal scars. Microscopically, the 
acute inflammation had resolved. 
Scattered in the parenchyma were 


cellular fibrous scars that contained 
macrophages, lymphocytes, and hemo- 
siderin granules. The scars varied 
greatly in size and frequently were 


associated with bronchiolitis oblit- 


erans. There was no significant degree 
of emphysema. 
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Comment 


The gastric pH from normal fast- 
ing patients ranges from 15 to 2.4, 
although the possible range of pH of 
gastric contents in randem patients 
was measured to be 1.0 to 8.4."° It is 
very difficult, in the majority of cases 
of aspiration, to determine the exact 
pH of the aspirate; 0.1N HCI with pH 
1.0 has been the standard used by 
some investigators in studying aspi- 
ration pneumonitis in animals.** We 
previously have shown that the mor- 
tality im spontaneously breathing 
dogs following aspiration of 0.1N 
HCl was 80%, regardless of whether or 
not they were treated with methyl- 
prednisolone.’ 

Intermittent positive-pressure ven- 
tilation (IPPV) has been shown to im- 
prove survival and reduce morbidity 
of dogs, regardless of the pH of the 
aspirate." In comparison to our pre- 
vious study, we decreased the mortal- 
ity from 80% to 60% oy the acdition of 
four hours of CPPV. We ehose to use 
CPPV rather than [PPV in this ex- 
periment because it has been shown 
to be more effective in the treatment 
of experimental pulmonary edema in 
animals. Aspiration of acid severely 
damages the lungs, and fluid leaks 
into the interstitial and alveolar 
spaces. Whether CPPV is signifi- 
cantly better than IPPV in treating 
acid aspiration awaits experimental 
confirmation. 

In an effort to explain why survival 
rate is improved by positive-pressure 
ventilation, Booth et al showed that 
vasospasm and thrombosis of the 
branches of the pulmonary artery fol- 
lowing aspiration were prevented by 
positive-pressure ventilation. They 
felt that keeping ventilatory units 
open in some manner prevented the 
vascular changes from occurring. We 
compared pathelogic sections from 
these dogs with these from our previ- 
ous study,’ and could not conclude 
that there was less thrombosis in the 
arterioles and capillaries in these 
dogs that were ventilated than in 
those that breathed spontaneously. 
The V,/V, increased following aspi- 
ration in our ventilated dogs. This 
may mean that vascular changes o0- 
curred, in spite of alveoli being held 
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open. It may also indicate hypovo- 
lemia, since the V,/V, returned to 
normal in survivors three weeks fol- 
lowing aspiration. 

Corticosteroid therapy has been re- 

ported by some to influence the course 
of aspiration pneumonitis, whereas 
others have found no beneficial ef- 
fect. In our previous study, we ad- 
ministered both single and multiple 
doses of methylprednisolone, and 
found that neither a low dose (0.3 
mg/kg) nor a high dose (30 mg/kg) 
increased arterial oxygen tension or 
survival when dogs breathed sponta- 
neously following acid aspiration. 
Furthermore, we were unable to sep- 
arate the groups that received a 
single dose of steroids from those 
that received steroids every eight 
hours for three days. In the present 
study we again failed to demonstrate 
a beneficial effect of steroids, even 
when the arterial Po, and survival 
rate were increased by CPPV ther- 
apy. 
Arterial blood pressure decreased 
and the CaO, — CVO, increased, both 
with aspiration and with CPPV ther- 
apy, suggesting that cardiac output 
decreased. Since the hemoglobin con- 
centration increased as well, the dogs 
likely became hypovolemic secondary 
to sequestration of fluid in the lungs. 
The fact that the pulmonary capillary 
wedge pressure did not decrease in 
the face of probable hypovolemia may 
mean that myocardial function also 
was depressed following aspiration. 
This suggests that replacement of 
plasma volume lost into the lungs 
while carefully monitoring myocar- 
dial function should be combined with 
mechanical ventilation when treating 
for aspiration of gastric contents. 

This study supports the conclusion 
reached in our previous work that 
methylprednisolone therapy does not 
improve oxygenation or survival of 
dogs that aspirate 0.1N HCl. Since 19 
of our 20 dogs were still alive with ac- 
ceptable arterial Po, levels when 
CPPV was discontinued after four 
hours, it suggests that longer-term 
mechanical ventilation may be indi- 
cated in treating acid aspiration. Fur- 
thermore, attention should be given 
to the fluid lost into the lungs from 
the initial trauma. 


This investigation was supported in part by 
National Institutes of Health training grant 5- 
T01-GM00427-12 and 5-R01-GM17246-04 and a 
grant from Upjohn Co. 

The research described in this article involved 
animals maintained in animal care facilities 
fully accredited by The American Association for 
Accreditation of Laboratory Animal Care. 
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Editorial Comment 


Since the middle 1950s, steroids have 
been the mainstay of therapy for respira- 
tory distress resulting from aspiration of 
gastric contents. Despite 20 years’ of expe- 


rience, there is no convincing clinical data , 


to support the efficacy of steroid thera- 
py. Experimental conclusions have been di- 
vided, but general, well-conceived studies 
such as the present one in which both acute 
response and long-term survival have been 
observed, have found little support for 
steroid benefit. It is time clinicians aban- 
doned their reliance on steroid adminis- 
tration, and turned their efforts toward 
finding new means of treating or, better 
yet, avoiding this catastrophic complica- 
tion. Hopefully this article will help prod 
investigators in that direction. 

JOHN L. CAMERON, MD 

Baltimore 
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In 16 years of use in the United States, 
FLUOTHANE (halothane) has been ad- 
ministered over 100 million times in a wide 
variety of surgical procedures. 100 million 
...extensive usage and evaluation that 
attests to FLUOTHANE as the most widely 
used inhalant anesthetic. 

Since it was first introduced, over 
4,000 papers worldwide have been pub- 
lished, ranging from review articles to 
in-depth studies. 4,000 papers... 

a bibliographic record of note on the most 
widely used inhalant anesthetic. 

Ina continuing program of informa- 
tional services on anesthesiology, Ayerst 
provides printed and audiovisual aids 
reflecting the opinions and experiences of 
recognized authorities in the field. These 
include the highly regarded series on 
Anesthesia Rounds and Clinical Aspects of 
Anesthesiology, as well as several films of 
educational value—all available through 


FLUOTHANE qiatotHane) 
OVER 100 MILLION 
ADMINISTRATIONS 


@ nonflammable, nonexplosive 

@ permits use of high concentrations of 
oxygen 

@ allows free use of cautery for more 
adequate control of bleeding 

e minimal odor facilitates smooth, rapid 
induction, reduces patient distress 

è early obtundation of pharyngeal and 
laryngeal reflexes facilitates intubation 
@ lessens airway problems 

è permits rapid adjustment of depth of 
anesthesia 

e emergence is rapid and tranquil with 
quick recovery of protective reflexes 

® minimal nausea and vomiting, shorter 
recovery room stay 











A t See last page of advertisement 
®| for prescribing information. 





brand of halothane 
the most widely used 
inhalant anesthetic 


from 


for precision, experience, 
quality, and service 








(Complete text of package circular.) 

Description. FLUOTHANE, brand of halo- 
thane, is an inhalation anesthetic. It is 
2-bromo-2-chloro-1, 1, 1-trifluoroethane 
and has the following structural formula: 


F Br 
Cl 





Fr——C-—C 
F H 


The specific gravity is 1.872-1.877 at 
20° C., and the boiling point (range) is 
49° C.-51° C, at 760 mm. Hg. The vapor 
pressure is 243 mm. Hg at 20° C. The 
blood/ gas coefficient is 2.5 at 37° C., and 
the olive oil/water coefficient is 220 at 
37° C. Vapor concentrations within anes- 
thetic range are nonirritating and have a 
pleasant odor. FLUOTHANE is nonflam- 
mable, and its vapors mixed with oxygen 
in proportions from 0.5 to 50 per cent 
(v/v) are not explosive. 

FLUOTHANE does not decompose in 
contact with warm soda lime. When mois- 
ture is present, the vapor attacks alumi- 
num, brass, and lead, but not copper. 
FLUOTHANE is soluble in rubber, some 
plastics, and similar materials; such ma- 
terials will deteriorate rapidly in contact 
with FLUOTHANE vapor or liquid. Stabil- 
ity of FLUOTHANE is maintained by the 
addition of 0.01 per cent thymol (w/w), 
and storage is in amber colored bottles. 

FLUOTHANE should not be kept indefi- 
nitely in vaporizing bottles not specifically 
designed for its use. It is recommended 
that vaporizers be emptied at the end of 
each operating day. Thymol does not vol- 
atilize along with FLUOTHANE, and there- 
fore accumulates in the vaporizer, and 
may, in time, impart a yellow color to the 
remaining liquid or to wicks in vaporizers. 
The development of such discoloration 
may be used as an indicator that the va- 
porizer should be drained and cleaned, 
and the discolored FLUOTHANE (halo- 
thane) discarded. Accumulation of thy- 
mol may be removed by washing with 
diethyl ether. After cleaning a wick or 
vaporizer, make certain all the diethyl 
ether has been removed before reusing 
the equipment to avoid introducing ether 
into the system. 

Actions. FLUOTHANE is an inhalation 
anesthetic. Induction and recovery are 
rapid and depth of anesthesia can be 


FLUOTHANE 


rapidly altered. FLUOTHANE progres- 
sively depresses respiration. There may 
be tachypnea with reduced tidal volume 
and alveolar ventilation. FLUOTHANE is 
not an irritant to the respiratory tract, 
and no increase in salivary or bronchial 
secretions ordinarily occurs. Pharyngeal 
and laryngeal reflexes are rapidly ob- 
tunded. It causes bronchodilation. Hy- 
poxia, acidosis, or apnea may develop 
during deep anesthesia. 

FLUOTHANE reduces the blood pres- 
sure, and frequently decreases the pulse 
rate. The greater the concentration of the 
drug, the more evident these changes 
become. Atropine may reverse the brady- 
cardia. FLUOTHANE does not cause the 
release of catecholamines from adrener- 
gic stores. FLUOTHANE also causes dila- 
tion of the vessels of the skin and skeletal 
muscles. 

Cardiac arrhythmias may occur during 
FLUOTHANE anesthesia. These include 
nodal rhythm, AV dissociation, ventricular 
extrasystoles and asystole. FLUOTHANE 
sensitizes the myocardial conduction sys- 
tem to the action of epinephrine and 
norepinephrine, and the combination 
may cause serious cardiac arrhythmias. 
FLUOTHANE increases cerebral spinal 
fluid pressure. FLUOTHANE produces 
moderate muscular relaxation. Muscle 
relaxants are used as adjuncts in order to 
maintain lighter levels of anesthesia. 
FLUOTHANE augments the action of non- 
depolarizing relaxants and ganglionic 
blocking agents: FLUOTHANE is a potent 
uterine relaxant. 

Indications. FLUOTHANE (halothane) is 
indicated for the induction and mainte- 
nance of general anesthesia. 
Contraindications. FLUOTHANE should 
be aVoided when a previous exposure was 
followed by fever and jaundice, or when 
there was an unexplained postoperative 
fever. 

FLUOTHANE is not recommended for 

obstetrical anesthesia except when uter- 
ine relaxation is required. 
Warnings. FLUOTHANE should be used in 
vaporizers that permit a reasonable ap- 
proximation of output, and preferably of 
the calibrated type. The vaporizer should 
be placed out of circuit in closed circuit 
rebreathing systems; otherwise overdos- 
age is difficult to avoid. The patient 
should be closely observed for signs of 
overdosage, /.e., depression of blood pres- 
sure, pulse rate, and ventilation, particu- 
larly during assisted or controlled ventila- 
tion. 

Usage in Pregnancy: Safe use of 
FLUOTHANE has not been established 
with respect to possible adverse effects 
upon fetal development. Therefore, 
FLUOTHANE should not be used in 
women where pregnancy is possible and 
particularly during early pregnancy, un- 
less, in the judgment of the physician, 
the potential benefits outweigh the un- 
known hazards to the fetus. 
Precautions. Cirrhosis or other abnormal- 
ities involving liver dysfunction, including 
a history of viral hepatitis, may be a 
basis for selecting an anesthetic other 
than a halogenated agent. 


The uterine relaxation obtained with 
FLUOTHANE, unless carefully controlled, 
may fail to respond to ergot derivatives 
and oxytocic posterior pituitary extract. 

FLUOTHANE increases cerebrospinal 
fluid pressure. Therefore, in patients with 
markedly raised intracranial pressure, if 
FLUOTHANE is indicated, administration 
should be preceded by measures ordin- 
arily used to reduce cerebrospinal fluid 
pressure. Ventilation should be carefully 
assessed, and it may be necessary to as- 
sist or control ventilation to insure ade- 
quate oxygenation and carbon dioxid 
removal. 

Epinephrine or norepinephrine should 
be employed cautiously, if at all, during 
FLUOTHANE (halothane) anesthesiasince 
their simultaneous use may induce ven- 
tricular tachycardia or fibrillation. 

Nondepolarizing relaxants and gangli- 
onic blocking agents should be adminis- 
tered cautiously, since their actions are 
augmented by FLUOTHANE. 

Adverse Reactions. The following adverse 
reactions have been reported: hepatic 
necrosis, cardiac arrest, hypotension, 
respiratory arrest, cardiac arrhythmias, 
hyperpyrexia, shivering, nausea, and 
emesis. 

Dosage and Administration. FLUOTHANE 
may be administered by the nonrebreath- 
ing technic, partial rebreathing, or closed 
technic. The induction dose varies from 
patient to patient. The maintenance dose 
varies from 0.5 per cent to 1.5 per cent. 
How Supplied. No. 3125—Unit packages 
of 125 cc. and 250 cc. of halothane sta- 
bilized with 0.01% thymol (w/w). 
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FLUOTHANE® (halothane) is available 
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Clinical Notes 


Of 200 consecutive low-velocity abdomi- 
nal gunshot wounds, 35 (17.5%) kad nonpene- 
tration ef the peritoneal cavity as proved 
by celiotomy. Of these 35 patients, 30 (86%) 
did not have visceral injury while five sus- 
tained at least one visceral injury. Four of 
these patients sustained only mimor visceral 
contusions not requiring surgical therapy. 
The fifth patient underwent exploration of 
an extraperitoneai bullet tracx with proof of 
peritoneal nonpenetration. The track passed 
beneath the deep fascia. This patient devel- 
oped a jejunal perforation on the fourth hos- 
pital day and subsequently underwent celi- 
otomy and repair. Thirty-four of our 35 
patients with proven peritoneal nonpenetra- 
tion did well with no surgical therapy, 
though penetration of the deep fascia with 
an intact peritoneum led to visceral injury in 
the case here reported. | 


he management of abdominal 
gunshot wounds occurring in civil- 
ian praetice has long been influenced 
by, and developed from, military experi- 
ence. This experience has primarily 
dealt with the immense striking 
power and wounding capability of 
military weapons, and hence the dic- 
tum to explore all gunshet wounds is 
firmly rooted in the surgical litera- 
‘ture. This position has been advo- 
cated by the Committee on Trauma of 
the American College of Surgeons as 
recently as 1972' and br Shires? in 
1970. 

A more selective approach was sug- 
gested by Ryzoff* and associates in 
1966. They recommended eeliotomy in 
only those patients whose physical ex- 
aminatien results suggested intraper- 
itoneal injury. They reparted 17 pa- 
tients in whom exploration was not 
carried out. Each made an uneventful 
recovery. They theorized that these 
wounds were tangential or did not 
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Visceral Injury Due to 
Eixtraperitoneal Gunshot Wounds 
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penetrate the peritoneum. Richter 
and Zaki‘ in 1967 used exploration of 
the bullet track to exclude the need 
for celiotomy in a small group of 
patients in whom peritoneal pene- 
tration was thus proved not to have 
occurred. All nine patients did well. 
Bull and Mathewson’? in 1968 con- 
cluded that exploration of a wound, 
with proper lights and adequate re- 
traction, in the patient under local 
anesthesia may prove adequate to es- 
tablish the depth of the wound and 
that, under these circumstances, only 
if peritoneal penetration has occurred 
is a celiotomy performed. 

The question of the importance of 
peritoneal penetration in gunshot 
wounds is critically involved with 
missile ballistics. The low-velocity .22-, 
.32-, or .88-caliber weapons commonly 
used by civilians have a much lower 
theoretical wounding potential than 
their military counterparts. This dif- 
ference has permitted the diversity 
of surgical opinion noted above. The 
following case report documents the 
hospital course of a patient with a 
nonpenetrating gunshot wound of the 
abdominal wall who developed a de- 
layed perforation of the jejunum. 


Report of a Case 


On Nov 19, 1971, a 41-year-old man was 
admitted to the Los Angeles County-Uni- 
versity of Southern California Medical 
Center having sustained a gunshot wound 
of the abdomen from a .32-caliber pistol at 
a distance of about 2 meters. He com- 
plained of pain only at the site of injury. 
Blood pressure, pulse, respiration, and 
temperature were normal. Results of a 
physical examination were unremarkable 
except for his abdomen. There was an en- 
trance wound in the left midaxillary line 
just beneath the costal margin. The bullet 
was palpable under the skin 1 em cephalad 
to the umbilicus. He exhibited tenderness 
along a line connecting the entrance 
wound and the palpable bullet. Bowel 
sounds were normal. Organs or masses 
were not palpable. Muscle rigidity was not 


present. His abdominal wall was moder- 
ately obese. Tenderness was not present on 
rectal examination. The stool was normal 
in color and did not contain occult blood. 
Hemoglobin level, hematocrit reading, re- 
sults of urinalysis, and serum electrolyte 
levels were all normal. Abdominal roent- 
genograms revealed a normal intestinal 
gas pattern without evidence of pneu- 
moperitoneum. An upright chest roentgen- 
ogram did not reveal intraperitoneal gas. 
Intravenous administration of penicillin 
and intramuscular. administration of 
streptomycin were begun while the above 
studies were in process. Because the en- 
trance wound and the bullet lay in a per- 
fectly transverse direction, an incision con- 
necting the two was made, reasoning that 
such an incision could be converted into a 
satisfactory celiotomy if necessary. The 
wound was deepened to unroof the bullet 
track that lay between the transversalis 
fascia and the peritoneum. The peritoneum 
was found to be intact. On the basis that 
peritoneal nonpenetration was proved and 
that the missile was known to be of low ve- 
locity, celiotomy was not performed. The 
wound was debrided and closed. A Pen- 
rose drain was inserted and brought out 
through the lateral margin of the incision. 
On the first postoperative day the patient 
was hungry, his abdomen soft with normal 
bowel sounds, and oral feedings were insti- 
tuted. His course was unremarkable until 
the fourth postoperative day when abdom- 
inal examination revealed moderate dis- 
tention, diffuse tenderness, and hypoactive 
bowel sounds. His temperature rose to 38.3 
C (101 F). A second roentgenographic ex- 
amination of his chest and abdomen re- 
vealed a pneumoperitoneum. Celiotomy 
was performed through a vertical midline 
incision. A diffuse fibrinous peritonitis was 
present consequent to a perforation of the 
midjejunum. The jejunal injury was de- 
brided and repaired. The peritoneum un- 
der the bullet track was inspected from 
within the abdomen and evidence of pene- 
tration was not present. The abdominal in- 
cision was closed and intravenous fluids 
and nasogastric suction were maintained 
until the return of peristalsis. The patient 
subsequently made an uneventful recov- 
ery, leaving the hospital on his tenth post- 
admission day. 
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Review of Cases 


Two hundred consecutive abdominal 
gunshot wounds were reviewed, including 
the case reported above. These patients 
were seen between July 1971 and June 
1972. The series is generally comparable to 
other reports’ consisting predominantly 
of males (174 of 200), Ages ranged from 15 
to 68 years, with a mean of 25 years. Of the 
200 patients, 185 underwent immediate 
celiotomy, whereas the remaining 15 did 
not. 

In the group of 185 undergoing immedi- 
ate celiotomy, 141 of the 185 had at least 
one visceral injury, most of them sustain- 
ing multiple organ injuries. The remaining 
44 patients in this group had no intra- 
abdominal lesions or lesions that did not 
require surgical therapy. These 44 patients 
represent 24% of patients who underwent 
immediate celiotomy. Of these 44 patients, 
39 had no intraperitoneal injury while the 
remaining five had minor contusions—four 
of the liver and one of the small bowel. The 
postoperative course was unremarkable in 
these 44 patients. The average hospital 
stay was 5.5 days. Thirty-four (77%) of 
these 44 patients had no peritoneal pene- 
tration by the missile. Four of these 34 pa- 
tients without penetration had detectable 
intraperitoneal injury, though none re- 
quired therapy. 

The group not undergoing immediate 
celiotomy was comprised of 15 patients in 
whom the wound was either a skin or sub- 
cutaneous furrow or laceration, or in whom 
the entrance and exit wounds lay in close 
proximity. Fourteen of these patients did 
well and had an average hospital stay of 
two days. The 15th was the patient whose 
case report of jejunal perforation without 
peritoneal penetration has been presented. 
There was no mortality in these 15 pa- 
tients. 

Comment 


Several authors have addressed 
themselves to the reduction of retro- 
spectively unnecessary celiotomies in 
the management of penetrating ab- 
dominal injuries. Part of this atten- 
tion is due to a desire to reduce un- 
necessary morbidity and mortality. 
While series have been reported cit- 
ing mortality of 6% or higher in nega- 
tive celiotomy,*’ no patient died in 
our series who underwent a negative 
celiotomy. It is our belief, however, 
that even if morbidity and mortality 
were reduced to zero, methods to re- 
duce the number of negative celiot- 
omies should be developed. Factors 
that would serve to identify patients 
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without intraperitoneal injury need 
to be searched for. In this study, we 
sought to evaluate the protection af- 
forded the abdominal viscera by an 
intact peritoneum, and the incidence 
of such occurrence, in a series of civil- 
ian gunshot wounds. This study raises 
the questions Can selectivity in man- 
agement of abdominal trauma be ex- 
tended to gunshot wounds? Can proof 
of peritoneal nonpenetration be used 
to avoid celiotomy? Do patients with 
peritoneal nonpenetration incur, 
nonetheless, visceral injury? This re- 
port attempts to shed some light on 
these areas. 

The wounding potential of a missile 
consists of two factors: the line of 
travel through the victim by a mass 
of finite size and a surrounding blast 
effect primarily related to the speed 
of the mass. Others have discussed 
the magnitude of injury related to 
missile velocity and, while some argu- 
ment exists as to which of several 
equations better expresses the ob- 
served result, it is quite certain that 
the faster the bullet travels through 
the body, the greater the blast ef- 
fect.'""' Military weapons are no- 
torious for their wounding potential 
and differ from their civilian counter- 
parts essentially with regard to mis- 
sile velocity. Most civilian gunshot 
wounds are caused by low-velocity 
missiles and this report is limited to 
such cases. Certainly, if low-velocity 
missile wounds can be proven to be 
extraperitoneal, the greatest chance 
of avoiding celiotomy would seem- 
ingly be present. 

In 200 consecutive abdominal gun- 
shot wounds, even excluding nonoper- 
ated superficial injuries, 35 (17.5%) 
were found to be extraperitoneal, 
representing about one case in five. 
Of interest, the number of patients 
with extraperitoneal wounds and no 
visceral injury was striking (30 of 35 
or 86%). While it is true that five pa- 
tients in the nonpenetrating group 
did have an intraperitoneal injury, 
only one had a significant injury re- 
quiring surgical repair. This case 
proves that significant peritoneal in- 
jury can occur without peritoneal 
penetration. Thus, of 35 patients 
known to have peritoneal nonpene- 
tration, 34 would not have required 


surgical therapy. Perhaps penetration 
of the deep fascia of the abdominal 
wall would be a better index of pos- 
sible visceral injury in low-velocity 
wounding. Penetration of the deep 
fascia, without peritoneal pene- 
tration, led to visceral injury to one 
patient in whom the precise depth of 
penetration was established. Cer- 
tainly, it would seem that the thin 
parietal peritoneum offers little pro- 
tection to the nearby viscera and it 
might be that the degree of protec- 
tion that we have seen in our 35 cases 
of peritoneal nonpenetration was in 
fact due to nonpenetration of the 
deep fascia. Precise information in 
this regard is lacking. A prospec- 
tive study to evaluate the matter is 
needed if an attempt is to be made to 
reduce the number of negative celiot- 
omies. Such a study might best select 
wounds that, if opened, would provide 
strategically adequate exposure for 
celiotomy or at least not interfere 
with a subsequent celiotomy incision. 
If it could be shown that nonpenetra- 
tion of the deep fascia was the deter- 
minant in protection from visceral 
injury, a substantial number of pa- 
tients would be spared celiotomy. 
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Traumatic Aneurysm 
of the Abdominal Aorta 


Report of Two Cases and Review of the Literature 


Nathaniel M. Matolo, MD; Lawrence A. Danto, MD; 


Earl F. Wolfman, Jr, MD, Davis, Calif 


Two cases of traumatic abdominal aortic 
aneurysm from blunt trauma are presented. 
Both were accompanied by partial aortic oc- 
clusion. in one case the aneurysm was of the 
dissecting variety; in the other it was a dila- 
tion proximal to a nearly totaEaortic obstruc- 
tion. Both were successfully treated by oper- 
ation, one using aortic resection with knitted 
Dacron graft replacement, ard the other by 
abdominal aortic thronmboendarterectomy. A 
review of the literature shows posttraumatic 
aneurysm to be rare in the abeominal aorta. 


lunt abdominal trauma frequently 

results in injury to ~he solid and 
hollow intra-abdeminal organs, but 
the abdominal aorta is seldom in- 
volved. The nenpenetrating trauma 
may cause aortic intimel tear with 
dissecting aneurysm =nd throm- 
bosis.™® Violent deceleration may also 
eause aortic rupture, transection with 
fatal hemorrhage, or contusion of the 
aortic wall with subsequent throm- 
bosis and occlusion.”'? Therefore, 
early diagnosis with prorapt surgical 
intervention may salvage these pa- 
tients. This report describes two pa- 
tients with traumatic abdbminal aor- 
tic aneurysm with partial aortic 
occlusion from blunt trauma follow- 
ing motor vehicle accidents. Both 
were successfully treated, one by aor- 
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tic resection and Dacron graft re- 
placement and the other by abdomi- 
nal aortic thromboendarterectomy, 
with minimal morbidity and without 
mortality. The rarity of this most un- 
usual injury and the successful man- 
agement of the two cases have stimu- 
lated a review of this subject. 


Report of Cases 


CASE 1.—A 32-year-old man was involved 
in a head-on automobile collision but did 
not experience any severe injuries; there- 
fore a physician was not immediately con- 
sulted following the accident. Approxi- 
mately two weeks later he was admitted to 
the hospital with complaint of progressive 
bilateral intermittent claudication of the 
legs after walking one block. Physical ex- 
amination revealed a periumbilical abdom- 
inal bruit, bilateral absence of the femoral 
pulses, and cold lower extremities. Aor- 
tography showed a dissecting aneurysm of 
the infrarenal aorta with segmental par- 
tial occlusion (Fig 1). The iliac and femoral 
arteries were patent bilaterally. 

Intravenous urogram and roentgen- 
ograms of the chest were normal. The ad- 
mission hematocrit reading was 44%, white 
blood cell count (WBC), 8,700/cu mm, with 
a normal differential count. The platelet 
count and prothrombin time were also nor- 
mal. Serum blood urea nitrogen (BUN), 
creatinine, and electrolyte values, and re- 
sults of liver function tests and urinalysis 
were all within normal limits. 

A preoperative diagnosis of dissecting 
aneurysm of the infrarenal aorta with par- 
tial occlusion was made, and the patient 
underwent diagnostic celiotomy that re- 


vealed aortic intimal tear with dissection 
and thrombosis extending from just below 
the renal arteries down to and including 
the proximal portions of the eommon iliac 
arteries. An abdominal aortic thrombo- 
endarterectomy was performed with sutur- 
ing of the intima to the wall of the common 
iliac arteries. Postoperatively femoral, 
popliteal, dorsalis pedis, and posterior tib- 
ial pulses were present in the lower ex- 
tremities and he was able to walk any dis- 
tance without pain. He was discharged ten 
days following operation in excellent con- 
dition. 

CASE 2.—A 28-year-old woman was wear- 
ing a seat belt in the rear of an automobile 
traveling about 129 km/hr when it was in- 
volved in a collision with another vehicle. 
She sustained multiple truncal injuries 
that included transverse disruption of all 
layers of the abdominal wall except the 
skin, a crush injury to the mid-small bowel, 
avulsion and perforation of the cecum, 
avulsion of the sigmoid colon, and a frac- 
ture of the L-3 vertebra with fractures of 
the transverse processes of L-1, 2, and 3. 
The injured mid-small bowel, the ascend- 
ing colon, and the sigmoid colon were re- 
sected. Intestinal continuity was reestab- 
lished by a jejunoileostomy and an ileo- 
transverse colostomy. A sigmoid colostomy 
and mucous fistula were created and closed 
at a later date. 

Sixteen weeks following injury, a lami- 
nectomy and fusion from L-2 to L-4 was 
performed because of leg weakness and a 
myelographic block at the level of the spi- 
nal fracture. Before operation an abdomi- 
nal thrill and bruit were first noted in the 
area over the distal part of the aorta. The 
femoral pulses were diminished, but there 
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Fig 1.—Aortogram showing dissecting aneurysm of infrarenal 


aorta with partial aortic occlusion. 


was no other evidence of circulatory insuf- 
ficiency of the lower extremities. Follow- 
ing laminectomy, because of progressive 
intermittent claudication, a translumbar 
aortogram was performed and showed al- 
most complete aortic obstruction at the 
level of the spinal fracture with proximal 
dilation for several centimeters (Fig 2). 
Twenty-one weeks after the original injury, 
an aortic resection was performed. The 
distal aorta was surrounded by fibrosis and 
the aortic lesion consisted of two concen- 
tric rings of subintimal fibrosis almost 
completely occluding the lumen, which was 
reduced to 8 mm in diameter. These stric- 
tures were separated by a distance of 5 cm 
and the intervening aorta was dilated. The 
damaged aorta was resected and replaced 
with a knitted Dacron graft from below 
the renal arteries to proximal to the aortic 
bifurcation. Postoperatively there was im- 
mediate return of the pulses and the clau- 
dication disappeared. 


Comment 


Traumatic abdominal aortic aneu- 
rysm is a rare but serious vascular 
catastrophe that requires early recog- 
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nition and treatment. Usually, the 
aortic aneurysm is manifested by 
claudication, coldness or cyanosis, 
weakness of lower extremities, di- 
minished or absent femoral pulses, 
and an abdominal bruit. The degree 
of ischemia of the lower extremities 
depends on the extent of the abdomi- 
nal aortic occlusion resulting from 
dissection and thrombosis. The com- 
plications of untreated traumatic aor- 
tic aneurysm are rupture with fatal 
hemorrhage, aortic occlusion with is- 
chemia of the lower extremities, and 
subsequent gangrene, infection, and 
sepsis. Early diagnosis, sound judg- 
ment, and an awareness of the possi- 
bility of an underlying vascular lesion 
are essential if these patients are to 
be managed successfully. 

Although blunt abdominal trauma 
results in injury to other intra-ab- 
dominal organs, the abdominal aorta 
is rarely involved. Over 95% of all 
traumatic aortic injuries involve the 
thoracic aorta, usually at points of 





Fig 2.—Aortogram demonstrating almost complete abdominal 
aortic obstruction, aneurysmal dilation, and two concentric rings of 
fibrosis (arrows). 


fixation such as the ascending aor- 
ta at heart, the attachment of the 
ligamentum arteriosum and the dia- 
phragm." Injuries to the abdominal 
aorta under such circumstances are 
uncommon, probably because it is 
well protected by its retroperitoneal 
location and the rigid vertebral col- 
umn. Rupture of the aorta from blunt 
trauma results in exsanguinating 
hemorrhage and immediate death in 
80% to 90% of cases.’ A small number 
of patients survive to reach a hospital 
if the adventitia of the aorta remains 
intact, the false aneurysm does not 
rupture, or thrombosis of the aorta 
occurs at the site of injury. 

The development of an aneurysm 
in the abdominal aorta due to blunt 
trauma is even more rare than aortic 
rupture. Ricen and Dickens" initially 
described the case of a man who was 
struck in the abdomen with a gun 
butt and was operated on a year later 
because of persistent epigastric pain. 
An abdominal aortic aneurysm was 
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found, but the patient died during the 
operation from the rupture of the an- 
eurysm. Griffen and associates? de- 
scribed the first suecessfal repair of a 
large traumatice false aneurysm of the 
abdominal aorta in a 13-year-old boy 
who was struck in the abdomen by a 
cattle-retention wire. About two 
months after the initial injury, a 
large pulsatile abdominal mass was 
noted. Diagnostie celiotemy revealed 
an aneurysm with longitud:nal lacer- 
ations of the anterior wall of the 
aorta. The aneurysm was resected 
and replaced with a knEted Dacron 
graft. In 1965 Ngu and Eorstam? re- 
ported an acute traumatic dissecting 
aneurysm of the abdominal! aorta, re- 
sulting from blunt abdommnel trauma, 
in a 37-year-old woman. at operation 
there was intimal disruption of the 
terminal part of the aorza with dis- 
section and thrombosis. The findings 
in the first case reportec here were 
similar to that of Ngu amd Xonstam. 
Since 1965 only five cass of trau- 
matic dissecting aneurysm cf the ab- 
dominal aorta have appeared in the 
literature.':*° 


1. Hewitt RL, Grablowskr OM: Acute 
traumatic dissecting aneurysm vf the ab- 
dominal aorta. Ann Surg 171: 60-162, 1970. 

2. Ngu VA, Konstam PC Traumatic 
dissecting aneurysm of the abdominal 
aorta. Br J Surg 52:981-982, 965. 

3. Thal ER, Perry MO, Cri ton J: Trau- 
matic abdominal aortic occhision. South 
Med J 64:653-656, 1971 

4. Tomatis LA, Doornbos F, Beard JA: 
Circumferential intimal tear «f aorta with 
complete occlusion due to blunt trauma. J 
Trauma $:1196-1201, 1968. 

5. David D, Blumenberg EM: Subinti- 
mal aortie dissection with occlusion after 
blunt abdominal trauma. Arch Surg 
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The mechanism of aortic injury is 
probably due to rapid deceleration 
and shearing forces that cause inti- 
mal tears, dissection and thrombosis.’ 
Violent deceleration may also cause 
rupture, transection or contusion of 
the aorta with subsequent throm- 
bosis. It is likely that advancing ath- 
erosclerosis makes the abdominal 
aorta semirigid and, thus, increas- 
ingly susceptible to disruption and 
dissection under these circumstances. 
A lap-type seat belt may also contrib- 
ute to the abdominal aortic injury in 
high-speed automobile accidents. A 
loosely applied high-riding seat belt 
may trap vulnerable structures in- 
cluding aorta between the rigid, for- 
ward moving vertebral bodies and the 
seat belt. The second case reported 
here probably sustained aortic in- 
jury in this manner. She probably 
sustained aortic contusion with subse- 
quent thrombosis and aneurysmal di- 
lation from blunt trauma and frac- 
tured lumbar vertebrae. The aortic 
injury was not apparent during the 
initial operation probably because of 
hypotension, presence of femoral 


References 


100:302-304, 1970. 

6. Griffen WO, Belin RP, Walder AL: 
Traumatic aneurysm of the abdominal 
om Bone AB, 60:813-816, 1966. 

Lansing ‘AM: Thrombosis 
of fh A tea EP aorta caused by blunt 
trauma. J Trauma 10:499-501, 1970. 

8. Greendyke RM: Traumatic rupture of 
aorta. JAMA 195:527-530, 1968. 

- 9. Matolo NM, et al: Acute occlusion of 
the infrarenal aorta. Am J Surg 126:788- 
793, 1973. 

10. Porter SD, Green EW: Seat belt in- 
juries. Arch Surg 96:242-246, 1968. 

11. Rybak JJ, Thomford MR: Acute oe- 
clusion of the infrarenal aorta from blunt 


EE NS Sh Fs ee aes yA 


pulses, and multiplicity of injuries. 

When an abdominal injury is asso- 
ciated with bilateral symptoms of 
pain, coldness, and paresis of the 
lower extremities and the femoral 
pulses are diminished or absent, an 
aortogram should be done to detect 
occult vascular damage. Repair of the 
traumatized aorta depends on the 
type and extent of the aortic injury. 
Aortic intimal tear with dissection 
and thrombosis should be approached 
by celiotomy and direct aortic throm- 
boendarterectomy. Following the end- 
arterectomy we prefer suture attach- 
ment of the distal intima to prevent 
redissection and thrombosis. When 
the aorta is severely damaged aortic 
resection with Dacron arterial graft 
replacement is necessary. Primary 
aortic repair without graft replace- 
ment is preferable for the trauma- 
tized abdominal aorta when other or- 
gans such as the gastrointestinal 
tract are damaged because of the in- 
creased risk of contamination. Oper- 
ative arteriogram is indicated if dis- 
tal pulses cannot be felt after closure 
of aortotomy. 
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Chylopericardium as a 


A case of chylopericardium following 
anastomosis between the ascending aorta 
and right pulmonary artery is described and 
cause and management of this rare compli- 
cation are discussed. The chylous pericardial 
effusion was detected on the 15th postoper- 
ative day. Treatment consisted of drainage 
and subsequent surgical narrowing of the 
anastomosis. The child recovered and was 
well three months later. 


Se the introduction of an an- 
astomosis between the ascending 
aorta and right pulmonary artery in 
1962, certain complications of this 
procedure have been reported. They 
include pericardial effusion and tam- 
ponade,’ cardiac failure,*:* occlusion of 
the anastomosis due to kinking or 
thrombosis of the right pulmonary ar- 
tery,?* pulmonary edema,‘ and pul- 
monary vascular disease.*> Recently 
we have encountered chylous peri- 
cardial effusion after an aortopulmo- 
nary shunt, which we report here. It 
is a rare complication and has oc- 
curred in only one out of 125 patients 
after an aortopulmonary shunt. 


Report of a Case 


A 5-month-old boy was admitted to our 
unit on Nov 14, 1972. Progressive cyanosis 


was noted since the age of 3 months. Re- 


sults of clinical examination, chest roent- 
genogram, electrocardiogram, cardiac 
catheterization, and angiocardiogram con- 
firmed the diagnosis of Fallot tetralogy 
with atrial septal defect (ASD) and patent 
ductus arteriosus (PDA). The hemoglobin 
level was 12.3 gm/100 ml and packed cell 
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volume was 37%. The aortic oxygen satura- 
tion was 74% when breathing room air. Be- 
cause of severe blue spells, a pulmonary to 
systemic shunt was indicated. 
Anastomosis between the ascending 
aorta and right pulmonary artery was per- 
formed on Nov 16, 1972. The standard 
technique* was used. The aortotomy mea- 
sured 4 mm. Postoperative recovery was 
uneventful, and the patient was trans- 
ferred to another hospital on the fifth post- 
operative day. One week later he was read- 
mitted with right pleural effusion and 
hepatomegaly, and a chest roentgenogram 
showed a large heart. He was treated with 
digoxin and diuretics, with some improve- 
ment. Three days later his condition sud- 
denly deteriorated and acute tamponade 
was suspected. The pericardium was aspi- 
rated and 140 ml of milky fluid was ob- 
tained. The following day a large peri- 
cardial effusion reappeared. This was 
drained under general anesthesia by in- 
serting a chest drain through a small inci- 
sion below the xiphoid. More than 100 ml of 
milky fluid drained immediately. There 
was little subsequent drainage, and the 
tube was removed one week later. The pa- 
tient’s condition remained satisfactory un- 
til Jan 4, 1973, when he again developed 
signs of acute tamponade. A drainage tube 
was inserted into the pericardial cavity un- 
der general anesthesia and about 100 ml of 
milky, odorless fluid was removed. The pa- 
tient developed congestive cardiac failure 
with two episodes of pulmonary edema. It 
was thought that the shunt was too large 
and the right side of the chest was ex- 
plored. The shunt was narrowed with two 
mattress sutures on Jan 11, 1973. At oper- 
ation there was no pericardial effusion, no 
adhesions inside the pericardium, and the 
pericardium appeared smooth and was not 
thickened. The pericardial fluid was sterile 
on repeated bacteriological examination, 
the protein and electrolyte contents were 
similar to those of blood, and on microscop- 
ical examination fat globules were found. 
Signs of heart failure disappeared within a 
week after the operation, and the patient 
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Complication of Aortopulmonary Shunt 
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was discharged on Jan 31, 1978. At a fol- 
low-up 2xamination eight weeks later, he 
was not in a state of cardiae failure and a 
chest roentgenegram showed no pleural ef- 
fusion end the heart was o: normal size. 


Comment 


Chylethorax and chylopericardium 
have been reported after surgery for 
congen tal heart disease*-’ Chylotho- 
rax’ and, recently, one case of chylo- 
pericardium* have been reported as a 
complication of direct aerta to right 
pulmonary artery shunt. 

Thomas and McGoon' reported the 
first case of postoperative chyloperi- 
cardium after an operatzon for PDA 
and vertricular septal defect and for 
insertion ofan aortic homograft con- 
duit besween the pulmonary artery 
and rigat ventricle. On reviewing the 
literature, they found 13 reported 
cases of chylopericardium. Eleven of 
these were treated by ligation of the 
thoracic duct and pericardial! drain- 
age. Two patients did næ kave liga- 
tion of the thoracic duct and both 
died. Thomas and McGoen observed 
that ther patient had obstruction of 
the thoracic duct as a resut of throm- 
bosis at the jugular-subclavian junc- 
tion, and they attributed the causa- 
tion of chylous pericardia_ effusion to 
this, together with transection of a 
cardiac ymphatic vessel within the 
pericard.al cavity. 

Hawker et al* reported the first 
case of cnylous pericardial effusion in 
a neonate following aorta to right 
pulmonary artery anastomosis. The 
diagnosis became obvious only when 
cardiac tamponade occarred five 
weeks la-er. The patient was success- 
fully treated with a single pericardial 
aspiration and a mediunm-chain tri- 
gtyceride diet. 
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In some cases of chylothorax there 
is a latent period between injury to 
the thoracic duct and onset of the ef- 
fusion that is said to be due to accu- 
mulation of chyle in the mediastinum 
that later ruptures into the pleural 


cavity.” Hawker et al* postulate a 
similar mechanism—adhesion be- 
tween the lung root and adjacent tis- 
sues prevented chyle escaping into 
the pleural cavity, resulting in chylo- 
pericardium rather than chylothorax. 
In the case of chylothorax, widening 
of the mediastinal shadow before the 
onset of effusion and narrowing of 
the mediastinal shadow following 


-drainage of chylothorax have been re- 


ported. No similar changes have been 
described before the onset of, or after 
the drainage of, chylous pericardial 
effusion. It is difficult to believe that 
adhesions prevented chyle from es- 
caping into the pleural cavity, al- 
though both the mediastinal pleura 
and pericardium were opened. In our 
patient there was no collection of 
fluid, edema, or fibrosis found in the 
mediastinum at the time of revision 
of the shunt. 

The development of chylopericar- 
dium after operation on the right pul- 
monary artery and ascending aorta is 
most likely due to injury to an abnor- 
mal duct carrying chyle. Kausel et al,’ 
Ross,'’ and Williams and Burford" 
drew attention to the high incidence 
of anatomic variation of the thoracic 
duct. Low duplication with formation 
of a single right-sided duct can be ex- 
pected in 17%, and extensive dupli- 
cation of the duct is present in 5% of 
the patients." 

We believe there is no satisfactory 
explanation for the development of 
postoperative chylopericardium. We 


would like to emphasize that chylous 
pericardial effusion can be success- 
fully treated without ligating the tho- 
racic duct. 


We have learned that subsequently 
this patient died. The results of the 
postmortem examination confirmed 
the diagnosis of Fallot tetralogy with 
a patent Waterston shunt. There was 
also a large internal hydrocephalus 
with considerable thinning of the 
brain between the lateral ventricle 
and the surface over both parietal 
and temporal lobes. 
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Acute Appendicitis Secondary to 


Metastatic Carcinoma of the Breast 


A Report and Review of Two Cases 
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Two patients developed acute appendicitis 
secondary to metastatic mammary carci- 
noma. This unusual occurrence may become 
more common as increased survival for pa- 
tients with metastatic adenocarcinoma is 
achieved, and it should be emphasized that 


arcinoma of the breast is the 
most common malignant neo- 
plasm seen in adult women. Survival 
for several years after mastectomy in 
the presence of metastatic disease is 
now possible with improved therapy, 
and it is therefore more likely that 
patients with metastatic mammary 
carcinoma will have intercurrent re- 
lated problems. Acute appendicitis 
secondary to metastatic breast carci- 
noma is rare, and recent treatment 
of two patients within one month 
prompted the present report. 


Report of Cases 


CasE 1.—A 35-year-old licensed practical 
nurse was admitted to the Yale-New 
Haven Hospital with complaints of abdom- 
inal pain and nausea. She had had a modi- 
fied radical mastectomy 16 months previ- 
ously for carcinoma of the left breast with 
two of 26 nodes positive for metastatic tu- 
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chemotherapy can remarkably alter symp- 
toms, signs, and management of such pa- 
tients. If oophorectomy is performed in such 
a patient, appendectomy should be done 
concomitantly. H 


mor. Oophorectomy was performed four 
months prior to admission for treatment of 
generalized metastatic disease and radia- 
tion therapy to supraclavicular and ax- 
illary node metastases was completed two 
months later, at which time androgen ther- 
apy was started along with chlorambucil. 
Prior to admission the patient complained 
of throbbing headaches and diminishing 
vision. One day prior to admission, abdom- 
inal pain radiating to the back was noted, 
accompanied by anorexia but no emesis. 
On admission the patient appeared as an 
alert, well-nourished black woman, far 
more healthy than her course would indi- 
cate. Temperature was 37.0 C (98.6 F); 
pulse, 100 beats per minute; blood pres- 
sure, 130/70 mm Hg. There was blurring of 
both optic disce margins, retinal exudates, 
and hemorrhages. An irregular, firm ax- 
illary mass was present on the right side; 
the left breast was surgically absent, and a 
2 x 3-cm firm nodular mass was present in 
the operative site. The liver was palpable 6 
em below the right costal margin. Poorly 
localized low abdominal tenderness with- 
out guarding was noted. Results of pelvic 
and rectal examinations were not remark- 
able. Hematocrit reading was 38%, white 
blood cell count (WBC), 9,000/cu mm. Nu- 
merous white cells and bacteria were seen 
on urinalysis. Chest and abdominal x-ray 
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Table 1.—Reported Cases of Carcinoma Metastatic to the Appendix 

















of 
Authors Primary Age, yr Sex Inflammation Reason for Appendectomy 
Ley (1920)! Breast 45 F Autopsy ) All associated 
Common bile duct 41 F Autopsy with adeno- 
Stomach 63 F Autopsy carcinoma 
Colon 36 F Autopsy in ovaries 
Cabet and Cabet (1926)? Pancreas 75 M Autopsy 
Cabot (1935)3 Lung 57 M Autopsy 
Belker and Shapiro (1940)4 Breast 40 F pare Autopsy 
Oldfield (1946) Breast 40 F Perforated Clinical peritonitis 
Goldfarb and Zuckner (1951) Stomach 46 M Perforated Clinical appendicitis 
Castello and Saxtom (1951)? Ovary 51 F Acute Clinical appendicitis 
_ (no known malignancy) 
Meyers (1955)8 Kidney 72 F Perforated Clinical peritonitis, 
unoperated; autopsy 
Capper and Cheek 11956)’ Breast 36 F Gangrenous Clinical appendicitis 
Murray and Meade (1962)!° Lung 65 M Perforated Clinical appendicitis 
Latchis and Canter (1966)! Breast 57 F Acute Clinical appendicitis 
Breast 43 F s3 Incidental appendectomy 
with cholcystectomy 
2 years postsalpingo- 
oophorectomy 
Hoslc and Bonenfart (1966) 12 Breast 49 F Incidental appendectomy 
with oophorectomy 
Breast 41 F Incidental appendectomy 
with oophorectomy 
Breast 44 F Incidental appendectomy 
with oophorectomy 
Breast 39 F Incidental appendectomy 
_ with oophorectomy 
Bladder 56 F Incidental appendectomy 
with ureteral diversion 
Uterus 59 F Incidental appendectomy 
with radical hysterectomy 
Lung 68 M Incidental appendectomy 
with gastroenterostomy 
Pancreas 72 M Incidental appendectomy 
with exploratory 
laparotomy 
Schwartz and Delman (196% 13 Colon 77 M Perforated Clinical appendicitis 
(no known malignancy) 
Dieter (1970)14 Lung 69 M Perforated Clinical peritonitis and 
small bowel obstruction 
(no known malignancy) 
Lung 60 M Autopsy 
Stomach 51 M Autopsy ; 
Zelikəwski and Urea (1972) Gallbladder 64 M Incidental with 
cholecystectom 


films were noncontributory. The admission 
impression was widespread metastatic 
cancer with increased intracranial pres- 
sure and pessible urinary tractinfection. A 
brain scan showed increased left parietal 
and occipital uptake, waile the liver scan 
shewed a ñlling defect in the right lobe. 
Urine culture revealed Escherichia coli. 
The chlerambucil was discontinued and 
fluerouraci! was begun. Dexamethasone 
was administered in ccnjunction with a 
course of whole brain radiation and ampi- 
cillin sodium was administered for the uri- 
nary infection. __ 

The patient improved symptomatically 
and appeared quite well, but intermittent 
spiking fever began one week after admis- 
sion, and a blood culture was positive for 
Bacteroides fragilis althcugh ne source of 
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infection was. evident. Antibiotics were 
discontinued and additional cultures ob- 
tained. Two weeks after admission fever 
to 40.0 C (104 F) developed, associated with 
shaking chills and hypotension. Examina- 
tion at that time revealed moderate right 
lower quadrant and right flank tenderness 
for the first time. After vigorous fluid, an- 
tibiotic, and steroid therapy, exploration 
was undertaken. A perforated appendix 
with distal necrosis and a large retroperi- 
toneal abscess was found, and appendec- 
tomy and drainage were completed. Patho- 
logical examinations revealed metastatic 
carcinoma of the breast in the appendix. 
The patient subsequently became septic 
again threé and 14 days postoperatively, 
associated with right upper quadrant ten- 
derness and an increasing mass in the re- 


gion of the right lobe of the liver. Reexplo- 
ration and drainage of a large abscess of 
the right lobe of the liver in a region of 
necrotic, metastatic tumor was necessary. 
Both the retroperitoneal and the liver ab- 
scess cultured B fragilis. The patient was 
discharged 11 days after her seeond oper- 
ation. She was able to remain at home for 
four months, at which time progressive de- 
terioration necessitated readmission for 
terminal care. 

CASE 2.—A 73-year-old woman was re- 
ferred from her nursing home to the Yale- 
New Haven Hospital because of abdominal 
pain of 24 hours’ duration. There was no 
nausea, vomiting, chills, or change in bowel 
pattern. Fever of 38.3 C (101 F) was noted. 
The patient had undergone modified radi- 
cal mastectomy three years earlier for car- 
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Authors Primary 
Oldfield (1946)5 Breast 
Goldfarb and Zuckner (1951) Stomach 
Costello and Saxton (1951)? Ovary 
Mayers (1955)8 Kidney 
Capper and Cheek (1956)? Breast 
Murray and Meade (1962)! Lung 
Latchis and Canter (1966)"! Breast 
Schwartz and Delman (1969) Colon 
Dieter (1970)"4 Lung 
Burney et al (1973) Breast 
Breast 


cinoma. She had not seen a physician since 
the immediate postoperative period except 
at her nursing home. 

Physical examination revealed a frail, 
thin, gray-haired lady in acute discomfort. 
The right eye was proptotic with mild 
chemosis. Numerous firm nodules were 
seen on the skin of the back and chest. 
There was tenderness over the lumbar 
spine. Diffuse low abdominal tenderness 
and guarding were present, more marked 
on the left side. No masses were pal- 
pated. Hematocrit reading was 32%; WBC, 
10,000/cu mm. Chest roentgenogram was 
not remarkable except for moderate ky- 
phoscoliosis, and lytic lesions were noted in 
the lumbar spine. 

Admitting diagnoses were acute diver- 
ticulitis and metastatic carcinoma of the 
breast. Nasogastric suction and antibiotic 
therapy were instituted. Later that day 
her temperature rose to 38.9 C (102 F) and 
abdominal tenderness had increased. Ex- 
ploration for possible perforated diver- 
ticulitis was undertaken and a perforated 
appendix was found. There was no gross 
evidence of intraperitoneal metastases. 
Appendectomy and drainage were per- 
formed and microscopical examination of 
the appendix showed metastatic carcinoma 
of the breast. The patient’s postoperative 
course was complicated by mild congestive 
heart failure that responded to digitalis 
and diuretic therapy. Radiation therapy 
was delivered to the right retroorbital 
metastases and symptomatic areas of the 
spine. She was discharged to her nursing 
home one month after admission. Three 
days later she was admitted to another 
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Table 2.—Reports of Acute Appendicitis Secondary to Metastatic Carcinoma 


Interval From 


Diagnosis 
of Tumor Clinical Condition Survival Comment 
3 yr, 8 mo No known metastases 4yr 
6 mo Unresectable primary; 3 mo 
known intra-abdominal 
metastases 
No known cancer Not reported Appendicitis first sign of 
malignancy 
10 mo Known metastases Appendicitis with perforation 
cause of death; no opera- 
tion performed 
6 mo Known metastases Not reported 
1 mo Unresectable primary 1 mo 
6 yr Known metastases 9 mo 
No known cancer Not reported Appendicitis first sign of 
malignancy 
No known cancer Died in im- Appendicitis first sign of 
mediate malignancy 
postopera- 
tive period 
18 mo Known metastases 4 mo Symptoms masked by steroids 
3 yr Known metastases 1 mo Small bowel obstruction post- 


appendectomy 


Table 3.—Reports of Acute Appendicitis Secondary to 
Metastatic Mammary Carcinoma 


Time After 
Cancer Di- 
Age, agnosis, 
Author yr mo 
Oldfield (1946)>5 40 44 


Capper and 36 6 
Cheek (1956)? 

Latchis and Can- 45 72 
ter (1966)" 


Burney et al 35 18 
(1973) 


73 36 No 


hospital with abdominal pain and vomit- 
ing. At laparotomy performed for small 
bowel obstruction one week after admis- 
sion, numerous peritoneal metastatic nod- 
ules were found. She died two days later. 


Comment 


Previous investigators have re- 
ported 28 patients with adenocarci- 
noma of all types metastatic to the 
appendix''® (Table 1). Adenocarci- 
noma metastatic to the appendix is 
an interesting finding because of the 
infrequency with which it has been 
diagnosed; it is important because it 
can cause appendicitis. Including the 
present two patients, there are 11 
recorded patients with acute appen- 


Oophorectomy 
Done at time of 
appendectomy 
Done at time of 
appendectomy 
4 years post- 
oophorectomy 


6 months post- 
oophorectomy 





Survival 
Clinical Condition Post- 
at Time of appen- 


Appendicitis dectomy 


No obvious metastatic 4 yr 
disease 


No obvious metastatic Not re- 
_ disease ported 


Metastatic disease evi- 9mo 
dent (skin, chest 
wall) 


Metastatic disease evi- 
dent (liver, brain, 
nodes) 

Metastatic disease evi- 
dent (skin, bone) 


4 mo 


1 mo 


dicitis in whom the cause was ob- 
struction of the appendiceal lumen 
by metastatic carcinoma. Ten pa- 
tients had clinical peritonitis or ap- 
pendicitis; one who has been receiv- 
ing high doses of steroids had 
recurrent Gram-negative sepsis. One 
patient with known metastatic dis- 
ease did not have an operation and 
died from peritonitis. Another seven 
had perforated appendices at explora- 
tion, leaving only three who were ex- 
plored prior to perforation. 

The high incidence of perforation 
in this group of patients is remark- 
able and may in some way be attrib- 
uted to the local effect of neoplasm on 
the intrinsic capability of the appen- 
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dix to contain the suppurative pro- 
cess. The symptoms of esrly acute ap- 
pendicitis are often undeer and the 
two women reported here did not 
have exploration until deinitive signs 
developed: localized peritonitis in one 
case and signs of an occalt pelvic ab- 
scess in the other. The interval be- 
tween diagnosis of a primary carci- 
noma and the onset of appendicitis in 
reported patients has varied from 
zero to six years. In three patients, 
the diagnosis of metastacic neoplasm 
was unsuspected prior to appendec- 
tomy. One of these died of sepsis in 
the immediate postoperative period; 
survival of the other two beyond hos- 
pital discharge is not reported. In 
seven patients the preseace of meta- 
static disease elsewhere was known 
preoperatively. Survival data are 
available on six patients and all sum- 
marized in Table 2. 

The group of il patients with 
“metastatic appendiciti<’ had five 
primary tumors of the breast, two of 
the lung, and one each o? colon, kid- 
ney, Ovary, and stomach. The women 
with breast neoplasms (Table 3) had 
an average age of 46 years versus 63 
years for the nonbreast patients, and 
four of five were betweea 25 and 45 
years of age. Their survival post- 
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metastasis in carcinoma of the breast. NY 
State J Med 40:219-220. 1940. 

5. Oldfield MC: Individual resistance to 
— disease. Br Med .J 2:153-155, 


Arch Surg/Vol 108, June 1974 


appendectomy was longer: 12 months 
average versus less than one month 
(for those for whom data are avail- 
able). The interval between discovery 
of a primary tumor and presentation 
with appendicitis was 35 months in 
the patients with breast tumors ver- 
sus four months for the others. 
Three of the five breast cancer pa- 
tients were receiving or had received 
radiation or chemotherapy for metas- 
tases. Such therapy can both alter the 
manifestations of intercurrent prob- 
lems and greatly affect the plan of 
management. Bone marrow depres- 
sion induced by chemotherapeutic 
agents is particularly difficult to 
manage. While thrombocytopenia is 
correctable temporarily when appro- 
priate platelet concentrates are avail- 
able, there is no replacement for the 
white cells, absence of which, despite 
antibiotic therapy, can predispose to 
fatal sepsis in the patient with perfo- 
ration of the appendix. In addition, 
steroids, so often a part of cancer 
treatment, can mask the presence of 
infection as in one of the patients re- 
ported here whose pelvic abscess was 
not evident until operation. 
“Prophylactic” appendectomy 
should be performed at the time of 
oophorectomy in patients with meta- 
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static carcinoma of the breast. This 
view is supported by the report of 
Hould and Bonenfant,? who found 
metastatic deposits in appendices re- 
moved incidental to oophorectomy in 
four patients, with subsequent sur- 
vival in two of these of three and six 
years, respectively, adequate time for 
such implants to encroach on the lu- 
men of the appendix. In an additional 
patient reported by Latchis and Can- 
ter,"' metastatic disease in the appen- 
dix was identified after appendec- 
tomy incidental to cholecystectomy, 
in the absence of clinical evidence of 
metastases, three years after mastec- 
tomy and two years after oophorec- 
tomy. One can only speculate, of 
course, whether such appendiceal 
metastatic deposits would have gone 
on to produce appendicitis. If the 
patients reviewed here are typical, 
however, perforation is common when 
appendicitis develops at a time of oth- 
erwise good cancer palliation. 
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Vascular Surgical Problems 


in Renal Transplantation 


John E. Codd, MD; Charles B. Anderson, MD; Ralph J. Graff, MD; John G. Gregory, MD; 


Bruce A. Lucas, MD; William T. Newton, MD, St. Louis 


` Vascular manipulations that differed from 
the standard technique of renal transplanta- 
tion were required in 40 of 107 human renal 
transplantations (38%). Double renal ar- 
teries were managed successfully by a side- 
to-side arterioplasty to form a single com- 
mon lumen in nine instances. Polar infarcts 
occurred in seven of eight cases requiring li- 
gation of polar arteries. Double renal veins 
were probably handled by ligating one of the 
veins because of the extensive intrarenal 
venous communication. Endarterectomy of 
the recipient's iliac system was required in 
ten transplants because of extensive ath- 
erosclerosis. It is concluded that the fre- 
quency of vascular abnormalities encoun- 
tered in renal transplantation requires that 
the transplant surgeon be familiar with a va- 
riety of vascular surgical techniques. 


ransplantation of the kidneys 
from one person to another for 

the relief of renal failure has become 
widely practiced. The operative pro- 
cedure that has become standard in 
most institutions places the kidney 
retroperitoneally in the iliac fossa.’* 
The renal artery is joined to the prox- 
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imal end of the divided internal iliac 
artery, and the renal vein is anasto- 
mosed to the side of the external or 
common iliac vein. However, anatom- 
ical variations of the renal vascula- 
ture are frequent.’ Perhaps the most 
technically demanding variation is 
the presence of multiple renal ar- 
teries. In fact, it was common prac- 
tice in the early years of renal trans- 
plantation to consider more than one 
renal artery to be a contraindication 
to transplantation.'*** Recently, sur- 
gical ingenuity has provided solutions 
to these technical problems.°:"® The so- 
lution advocated most frequently re- 
quires separate anastomosis of one 
artery to the internal iliac artery and 
a second renal artery to the side of 
the external or common iliac artery. 
We have found certain advantages to 
joining the two (or more) renal ar- 
teries side to side to form a common 
lumen that can, in turn, be anasto- 
mosed end to end with the internal 
iliac artery. 

This article describes our experi- 
ence with this latter procedure as well 
as other vascular surgical maneuvers. 


Clinical Material 


One hundred seven rena! transplants 
were performed in 100 patients at Barnes 
and the Cochran Veterans hospitals during 
the past ten years. Sixty-seven transplants 
required no special vascular procedures 
and involved the anastomosis of the end of 


a single renal artery to the end of the 
hypogastric artery, and the end of a single 
renal vein to the side of the common or ex- 
ternal iliac vein. Endarterectomy was not 
necessary in these cases. Forty transplants 
(88%) required a variation in the vascular 
procedures. Four of these required two 
variations each for a total of 44 vascular 
surgical manipulations. 

Arterial Procedures.—Double renal ar- 
teries were encountered in 20 patients. In 
nine instances a side-to-side anastomosis 
was performed between the two renal ar- 
teries to form a common lumen fashioned 
to fit the lumen size of the hypogastric ar- 
tery (Fig 1). In three cadaver donors this 
arterioplasty was performed prior to 
placement on a continuous organ perfusion 
apparatus, thus permitting cannulation of 
a single artery. Eight of these kidneys 
presently have excellent function 3 to 40 
months after transplantation. The other 
kidney was rejected in an accelerated 
manner on the second postoperative day, 
and when removed demonstrated a patent 
anastomosis. 

Eight kidneys had ligation of small polar 
arteries that resulted in small (less than 
10% of the kidney tissue) polar infarctions 
in seven. Two of the seven ultimately de- 
veloped abscesses in the infarcted areas 
requiring removal of the graft. Both of 
these abscesses were in lower pole infarc- 
tions. A Carrel patch consisting of a cuff of 
aorta with the two orifices of the renal ar- 
teries was used in two cadaver kidneys to 
facilitate anastomosis of the double renal 
arteries to the hypogastric artery, which 
was trimmed to accept the patch. On only 
one occasion were double arterial anasto- 
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moses Derformed by using the hypogastric 
and external iliae arteries es advocated 
elsewhere. In this instance. two months af- 
ter transplantation, a rejecion episode led 
to swelling of the kidney, which stretched 
the smaller vessel across the ureteropelvic 
juncture and resulted in aycronephrosis. 
This required ligation and division of the 
artery, with resultant inzaretion in the 
lower pole of the kidney. Nevertheless, the 
kidney has continued to funczion well for 
more than one year after transplantation. 

Severe atherosclerosis -equiring end- 
arterecomy was eneountered in 11 cases 
(10%), ene of which involved the donor re- 
nal artery. In eight patierts, endarterec- 
tomy oœ the hypogastric artery only was 
required but in two patiems the common 
iliac arzery endarterectom> was required 
as well. Recipients who required endarter- 
ectomy ranged in age from 39 to 50 years. 

A single renal artery ws anastomosed 
to the common iliac artery in three pa- 
tients because the hypogas-ric artery had 
extensive atherosclerosis @ was unduly 
short. Cn one occasion the <orza and infe- 
rior vera cava were used to complete the 
vascular anastomosis in the presence of bi- 
lateral fiac vein thromboses. Arterioplasty 
of the Lypogastric artery, which involved 
combining two branches inte a common lu- 
men, was needed in one case zo facilitate 
anastomosis of a short smalwer hypogastric 
to a larger renal artery. 

Venos Procedures.—Doule renal veins 
accounted for eight abnormalities. Liga- 
tion of the smaller vein was performed in 
five instances. None of these patients had 
unusual amounts of proteinuria postopera- 
tively as noted in the case reported by 
Abouna et al,'' even though the ligated 
“smaller vein” approached the size of the 
main vem in some eases. A double anasto- 
mosis to the side of the external and com- 
mon iliac veins was performed in one case, 
and a Carrel patch of the inferior vena 
cava anastomosed te the common iliac vein 
was used in another. The eghth case in- 
volved an operative injury to the external 
iliac veir and renal vein durne the initial 
anastompsis. This resulted in the need to 
trim the single renal vein until there were 
two short renal vein ssumps almost within 
the subs-ance of the kidney. The external 
iliac vein was divided, and the proximal 
end was -hen turned up to the two short re- 
nal veins as an onlay anastomosis (Fig 2). 
The patient’s leg became moderately swol- 
len for three weeks postoperatively, but 
the sweling finally subsided completely. 
This kidney has continued tofunction well 
three yeers after transplantzticn. 


Comment 


The incidence of double renal ar- 
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Fig 1.—Common lumen arterioplasty formed by trimming 
away V-shaped portions of adjacent arterial walis. Apices 
of V's are sewn together, and cut edges joined posteriorly 
with one suture arm and anteriorly with the other arm. 





Fig 2.—Operative injury to renal vein in one patient left two short 
venous ends in hilum of kidney. External iliac vein was divided 
and proximal end was turned anteriorly to form onlay anastomosis. 
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teries is approximately 25%.°*:""* Sep- 
arate anastomoses have been most 
frequently advocated, although a va- 
riety of techniques have proved use- 
ful.*""""= The side-to-side arterio- 
plasty described here is performed at 
some leisure after excision of the kid- 
ney from the donor and intra-arterial 
perfusion flush-out with cold perfu- 
sate. If the organ is to be placed on a 
pulsatile perfusion machine, the two 
continuous suture lines can be ended 
before all the lumen is reconstituted 
and the final 2 or 3 mm joined with 
interrupted sutures. The arterial can- 
nula of the machine is tied in place in 
the area of interrupted sutures, and 
this entire segment is trimmed away 
when the kidney is taken off the ma- 
chine in order to avoid an anasto- 
mosis with arterial tissue that has 
been crushed by the cannula ligature. 
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The authors have provided important in- 
formation based on a large experience. It 
should be noted, however, that others have 
used other techniques successfully. For ex- 
ample in the case of a severely arterio- 
sclerotic hypogastric artery another might 
choose end-to-side anastomosis of the do- 
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Not only does this procedure have the 
advantages of being performed care- 
fully and leisurely during cold is- 
chemia time with a single eventual 
anastomosis, but also the surgeon 
can, with a bit of practice, fashion the 
larger lumen size to fit precisely the 
lumen size of the host vessel. This ma- 
neuver has come to be our standard 
method of anastomosing two renal 
arteries. Donor kidneys with double 
arteries can be satisfactorily used in 
almost all circumstances, and this an- 
atomical variation is not a contraindi- 
cation to transplantation. 

Ligation of small polar arterial 
twigs outside the renal pelvis with 
small areas of apparent infarction 
seems to be better tolerated in the 
upper pole than the lower. Perhaps 
the amount of tissue infarcted in the 
lower pole from external visual in- 
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Editorial Comment 


nor renal artery to the external iliac rather 
than endarterectomy of the hypogastric 
artery. Also, in the presence of two renal 
arteries, a good case can still be made for 
performing end-to-side anastomosis of the 
smaller to the larger and the use of the 
larger for the anastomosis to the host ar- 


spection in the two cases presented 
here was underestimated. The result- 
ant abscesses were difficult to diag- 
nose and were life-threatening. 

The need for endarterectomy of the 
iliac arteries is increased with the age 
of the renal transplant recipients, as 
is demonstrated by an average age of 
45 years in ten recipients requiring 
endarterectomy of the host artery. 

Ability to assess and ensure ade- 
quate arterial inflow to the trans- 
planted kidney is essential. Because 
of extensive intrarenal venous com- 
munications, double renal veins can 
almost always be managed by ligat- 
ing the smaller vessel. The frequency 
of vascular abnormalities in renal 
transplantation and the need to use 
all available kidneys requires that re- 
nal transplant surgeons be proficient 
in the techniques of vascular surgery. 
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tery. That the smaller artery should never 
be ligated is a good tenet, well supported 
by the authors’ experience. 
RICHARD WARREN, MD 
Boston 
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Use of an Oral-Anal String 
as a Guideline for Colonoscopy 


John H. Smith, MD; Gomer W. Roberts, MD; 


Arthur H. Ohan, MD, Fort Worth, Tex 


Experience with five patierts has shown 
facilitation of insertion of the colonoscope if 
a guidestring was passed beforehand. The 
string was swallowed and aBowed to pass 
through the entire gastrointes:inal tract. The 
thinness of the string made it possible to 
perform diagnostic examinzions, biopsy, 
and polypectomy. A marked saving of time 
and a substantial decrease n patient dis- 
comfort ensued from this tecinique. 


iberoptic colonoscopy and poly- 

pectomy have now Become well- 
established procedures. Passage of 
the colonoscope is very seldom easy, 
and often is difficult inceed, partic- 
ularly in the hands of the colonoscop- 
ist who has not had a large experi- 
ence. Frequently, inser-ion of the 
eolonoscope takes up to one hour and, 
in some cases, substantially longer. 
Prolonged fluoroscopy is often in- 
volved during this procedure. In an 
effort to facilitate passage of the co- 
lonoscope, a new techniqae has been 
developed that is the besis for this 
preliminary report. 

A thin but strong braided Dacron 
string, 15 meters in length, is pre- 
pared by tying at its tip a small bal- 
loon weighted with 2 or = ml of bar- 
ium paste. The balloon is swallowed 
by the patient and the stzing allowed 
to pass through the entire gastroin- 
testinal tract. During the zime of pas- 
sage, which has varied between two 
and nine days, the patient is main- 
tained on a clear liquid diet and given 
@ mild laxative and an enema twice 
daily. If the patient is in the hospital, 
he is sent home after swdlowing the 
guideline, with diet instractions and 
directions to call when he has passed 
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at least 24% meters of the string. 
When about 2% meters of string ex- 
ists from the anus, the patient is pre- 
pared for colonoscopy by enemas un- 
til clear. After the patient has been 
sedated, the string is grasped by 
the biopsy forceps and withdrawn 
through the biopsy channel of the 
colonoscope. The instrument is in- 
serted into the rectum using the 
string as an intraluminal guideline. 
The guidestring has allowed the co- 
lonoscope to be advanced to the cecum 
in 10 to 18 minutes, with much less 
discomfort to the patient. Diagnostic 
examination of the colon, including 


biopsy, electrocoagulation, or snare 


polypectomy can then be carried out. 
The biopsy channel of the colonoscope 
is sufficiently large to allow the 
biopsy forceps or the polypectomy 
snare to be passed through the chan- 
nel even with the string within the 
channel. With a long scope, it was 
found that there was some resistance 
to passage of the forceps, but it could 
still be passed. 

Once the procedure has been com- 
pleted, the string is cut off at the 
mouth, and it is allowed to pass 
through the rectum. The guidestring 
has been well accepted by the pa- 
tients and volunteer subjects. The 
guideline in its present form produces 
little or no discomfort with its use. 

The first lines that were used were 
twisted #9 nylon twine. These were 
prepared with a knot or a small lead 
shot on one end, which the patient 
swallowed. These were reported to be 
somewhat uncomfortable and more 
difficult to swallow. At this time, a 
thin braided Dacron string with a 
minimum breaking strength of 8 kg 
(18 Ib) is used. This string is about 
0.50 mm (0.020 inches) in diameter. 

Five patients have been examined 


using the intraluminal guidestring. 
The ascending colon or eecum was 
reached in all but two. In one of these 
a scope was used that was too short to 
reach the ascending colon. In the 
other the examination was made be- 
fore enough string had passed 
through the anus and the string broke 
at the site of the necessary splice 
when the scope tip was at splenic 
flexure. This experience has warned 
us not to examine until 2.5 meters of 
string have passed through the anus. 
No complications related to the use of 
the string were noted. 

The guideline has since been used 
on six additional patients with resec- 
tion of seven polyps. The time re- 
quired to reach the cecum in each case 
varied from 7 to 18 minutes. 


Editorial Comment 


The most difficult part of colonic endos- 
copy remains the advancement of the in- 
strument through the portions of the colon 
not fixed to the retroperitoneum, that is, 
sigmoid and transverse colon. Rectosig- 
moid, descending, and ascending colon 
usually allow easy advancement similar to 
upper gastrointestinal tract endoscopy 
because of fixation to retroperitoneal 
structures. Although complete endoscopy 
to the cecum can be expected in two thirds 
of cases where it is attempted, there are 
those important diagnostic and therapeu- 
tie examinations in which a lesion previ- 
ously identified by barium enema cannot 
be reached. This is usually due to adhe- 
sions from previous pelvic surgery or pre- 
vious episodes of diverticulitis. It is for 
these occasional important examinations 
in which advancement by conventional 
technique is found impossible that the 
oral-anal string may be used and therefore 
perhaps avert needless laparotomy. 

PAUL A. SUGARBAKER, MD 
Boston 
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Letters to the Editor 


Perforated Diverticulitis 
of the Transverse Colon 


To the Editor.—I was interested to 
read of the experiences of Wong et al 
(Arch Surg 108:249, 1974) in manag- 
ing a patient with a perforated diver- 
ticulitis of the transverse colon. Al- 
though this is a rare lesion, my 
colleagues and I have had the oppor- 
tunity to operate on six patients with 
this condition during the past several 
years, with two of these being my 
own patients. Our experiences have 
been summarized in an article (“Per- 
forated Diverticulitis of the Trans- 
verse Colon”) that will be published in 
the American Journal of Surgery this 
year. 

A preoperative diagnosis of acute 
appendicitis was made in four in- 
stances, acute peritonitis in one, and 
the sixth patient, who had a more 
chronic course, was believed to have a 
carcinoma of the colon or a perforated 
diverticulitis. At operation, the be- 
nign nature of this disease process 
was fairly apparent and a segmental 
resection of part of the transverse co- 
lon, along with the abscess, was usu- 
ally carried out with little difficulty. 
The pathologist, opening the resected 
specimen, was able to confirm the 
diagnosis. A primary anastomosis 
was safely performed in all instances, 
in spite of the fact that the intestines 
were not prepared for this preopera- 
tively. In several patients, an ac- 
companying appendicostomy was per- 
formed. These patients have all made 
uneventful recoveries and have had 
no recurrence of this disease. We 
stress the importance of a complete 
exploration of the abdomen in pa- 
tients having no evidence of appendi- 
citis. - 

Norman B. ACKERMAN, MD, PhD 
Kansas City, Mo 


Bile Duct Adenomatosis 
of the Liver 


To the Editor.—Careful examina- 
tion of the liver is a fundamental 
part of an exploratory laparotomy. 
Hepatic pathology is predictable by 
abnormal preoperative laboratory, 
roentgenographic, or isotopic studies. 
Recently, during an exploratory lap- 
arotomy for duodenal obstruction, we 
were unexpectedly confronted with 
an unusual liver lesion, not immedi- 
ately recognizable. The liver was 
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“peppered” with small, tan-green, 
subcapsular nodules, resembling me- 
tastases that frozen section showed to 
be bile duct adenomatosis. 

This rare, benign entity appears 
microscopically as multiple multilocu- 
lar cystic masses lined by cuboidal 
cells. These clusters of dilated ducts 
are contained in fibrous stroma and 
are benign-appearing. Except for 
mild distortion by these adenomas, 
the remaining liver parenchyma ap- 
pears normal.’ Most feel bile duct ade- 
nomatosis is developmental, rather 
than inflammatory, obstructive, or 
neoplastic in cause. It has been pro- 
posed that the liver is derived from 
two anlage, one giving rise to the 
liver parenchyma and intralobular 
bile canaliculi and the other to the in- 
terlobular bile ducts.? Malfusion of 
these anlage represents one possible 
cause of bile duct adenomatosis. An- 
other proposed etiological mechanism 
is the failure of the excessive number 
of canaliculi that are developmentally 
present to undergo normal atrophy. 
Unlike the larger cysts of polycystic 
disease of the liver detected in early 
life, the cysts in bile duct adenoma- 
tosis remain small and grow slowly, 
explaining their incidental discovery 
at laparotomy in the middle to older 
age groups. 

The similar appearance and pos- 
sible coexistence of bile duct ade- 
nomatosis with intra-abdominal ma- 
lignant neoplasms should alert 
surgeons to confirm liver pathologic 
findings by frozen section before 
abandoning what may be a curative 
procedure. 

STUART E. LEVIN, MD 
Davin H. DarL, MD 
RICHARD P. Salk, MD 
San Diego, Calif 
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Dacron Aortic Graft Failure 


To the Editor.—I read with interest 
the article “Dacron Aortic Graft Fail- 
ure” by Cooke et al in the January 
ARCHIVES (108:101, 1974). In August 
1969, a woven Dacron bifurcation 
graft was placed in a 69-year-old 
white woman with aortoiliac occlusive 
disease. The patient recently was 
found to have a small aneurysm in 
the right side of her groin. At sur- 
gery, a typical small false aneurysm 


was encountered, with the intact su- 
ture line having partially pulled away 
from the host vessel. The graft other- 
wise appeared normal. The distal 
graft was excised and a new short 
segment prepared to suture to the old 
graft. At this point, I was distressed 
to find the needle pulling through the 
graft material, much as it would pull 
through necrotic tissue. The host 
graft was shortened, and again the 
suture could be easily pulled through 
the material. Ultimately, anastomosis 
was made by passing the suture 
through the fibrous tissue surround- 
ing the graft so that there was no ap- 
preciable tension placed on the suture 
line itself. A random culture was 
taken from the site, and a few col- 
onies of Staphylococcus aureus 
grown. There was no obvious evi- 
dence of infection. The patient has 
never had any systemic symptoms 
and, postoperatively, there was no 
evidence of infection; the patient has 
done well. 

A section of the removed graft was 
sent to Lester Sauvage, MD, for his 
evaluation. Obviously, I do not know 
whether this represents an isolated 
finding or whether one can expect ul- 
timate degeneration of the Dacron fi- 
ber. I certainly agree that it is impor- 
tant that these cases be reported and 
collected. 

GERALD E. GIBBONS, MD 
Wenatchee, Wash 


Abscess in Nonlactating Breast 


To the Editor.—The article in the 
September ARCHIVES, “Abscess in the 
Nonlactating Breast” (107:398, 1973) 
by Ekland and Zeigler quotes a recur- 
rence rate of these subareolar ab- 
scesses at 39.5% in their experience. 

My experience with this problem 
was reported in an article in the 
American Surgeon (33:339, 1967) and 
emphasizes that these abscesses, both 
acute and chronic, must be treated by 
excision of the involved duct for cure. 
Incision and drainage results only in 
a duct fistula since the underlying 
pathologic finding for these abscesses 
is ductectasia with infection entering 
by way of the nipple. The organisms 
(when cultures are requested), as 
might be expected, are varied and 
probably are introduced trom oral- 
nipple contact. 

Mastectomy should not be required 
to cure such a simple problem. 

RAYMOND M. CUNNINGHAM, MD 
Baltimore, MD 
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Atlas of Tumor Pathology: Esophagus 
and Stomach, fascicle 7. By Si-Chun Ming, 
MD. Price, $7. Pp. 279. Armed Forces Institute of 
Patholegy, Washington DC 26306, 1973. 


This monograph on zumors of the 
esophagus and stomachs fascicle 7 of 
the Atlas of Tumor Pathology and 
perpetuates the excellanee of these 
publications in setting standards of 
diagnosis and terminology. 

The brief but pertinent attention 
paid to embryology anc anatomy cre- 
ates 2 nice setting for the subsequent 
descriptions of benign and malignant 
lesions. The material on epidemiol- 
ogy, etiology, and experimental car- 
cinogenesis is welcome in its read- 
ability and generous bibliography. 
Emphasis on the more common en- 
countered malignant sions of the 
esophagus and stomac is appropri- 
ate, but the reader is rewarded with 
information about almost every be- 
nign and malignant tamor of these 
organs that has been described. To 
supplement the refreshingly brief en- 
counter with rare lesicns, references 
to significant articles “ollow the de- 
seriptive material in immediate con- 
venient sequenee. The bibliography is 
excellent, and one feels almost guilty 
to mention an absence of references 
to publications of recent years. 

Gross and microscopec pictures are 
mainly in black and white, but the 
quality is superb to the degree that 
the few colored photographs do not 
seem to add very muca. Inclusion of 
some special stains and electron mi- 
crographs point to more valuable 
studies of the future. 

The quality of the paper is excel- 
lent, the index is inclusive, the mate- 
rial is appropriate, and the result is 
a valuable contribution for students 
of pathology, which wauld include all 
surgeons with interests in the esoph- 
agus and stomach. 

PHILIP Ke BERNATZ, MD 
Rochester, Minn 
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Immunology. By Herman N Eisen, MD. 
Price, $10. Pp 310. Harper & Row Publishers Inc, 
2350 Virginia Ave, Hagerstown, MD 21740, 1974. 


Immunology is a unique introduc- 
tory primer for modern principles of 
immunology. It is a reprint of the en- 
tire immunology section from the sec- 
ond edition of Davis’ Microbiology 
and provides a concise, yet thorough, 
presentation of the molecular ap- 
proach to understanding immune re- 
sponses. Throughout the text, impor- 
tant points are emphasized in heavy 
type; figures, diagrams, and tables 
are liberally provided to improve the 
clarity of the presentation. A valu- 
able selected bibliography is provided 
for each of the seven chapters, as well 
as individual references for many of 
the diagrams within the chapters 
that the author has selected to illus- 
trate major concepts. Particularly 
useful to the clinician are the chap- 
ters on antibody-antigen reactions, 
antibody structure, and antibody for- 
mation. These sections provide impor- 
tant data on methods of detecting an- 
tibody, including radioimmunoassays, 
fluorescent labeling techniques, and 
the entire basis for immunosuppres- 
sion. This text is highly recommended 
as a comprehensive yet inexpensive 
reference for the clinician’s library. 

RICHARD E. WiLtson, MD 
Boston 


Atlas of Vascular Surgery. By Robert R 
Linton, MD. Price, $65. Pp 504, with 220 plates. 
WB Saunders Co, West Washington Sq, Phila- 
delphia, PA 19105, 1973. 


It is as if Michelangelo in his 70s 
had written a book on how to paint. 
Of all the great lights in the renais- 
sance of vascular surgery of the last 
25 years, Linton, in the eyes of a 
large number of people, has shone the 
brightest. Not that he is responsible 
for the breakthroughs, such as angi- 
ography, fabric grafts, and embolec- 
tomy catheters, but that he had the 
vision, the perseverance, and the su- 
preme technical ability to forge from 
them the most successful of all pat- 
terns of treatment for extracardiac 
vascular problems. 

When he was a young surgeon 
starting at the Massachusetts Gen- 
eral Hospital, he was considered by 
the house staff to be among the 
“slickest” of the operators. And this, 
in those days, meant the fastest. Gas- 
trointestinal tract surgery, partic- 
ularly the liver and biliary tract, was 
his prime interest. In the late 1930s 


vascular problems began to claim 
more of his attention, and soon his 
talents carried him to recognition as 
a leader in that field, even before ar- 
terial reconstruction brought the ren- 
aissance into full flower. The tech- 
niques then available could not cure 
or completely palliate the complicated 
and challenging basic pathophysiol- 
ogy of the common vascular diseases. 
Yet his abilities permitted him to use 
them to extract the last drop of bene- 
fit they could afford: sympathectomy 
for arteriosclerosis obliterans; super- 
ficial femoral vein division for pulmo- 
nary embolism; intravascular wiring 
for abdominal aortic aneurysm; re- 
section of popliteal aneurysm with- 
out reestablishment of continuity; 
the Linton flap operation for post- 
thrombotic venous stasis. His surgical 
intuition and skill, and his emphasis 
on meticulous aftercare produced 
many successes that others could not 
achieve. | 

When reconstructive techniques be- 
came available, the slick operator’s 
wisdom discerned wherein the slick- 
ness of the future would lie: meticu- 
lousness—not speed, but consummate 
attention to detail. The man who used 
to do a lumbar sympathectomy on a 
patient with intermittent claudica- 
tion in 20 minutes now took four to 
six hours to do a femoral popliteal 
vein graft on the same person. No- 
body, least of all the operating room 
staff and anesthesiologists, could be- 
lieve it. 

Others tried to copy him and were 
less successful. Their failures irked 
him, not that he chafed under compe- 
tition, but because they had not “done 
it right.” Now this stupendous atlas 
shows us how to “do it right.” It con- 
tains 220 plates, most of them consist- 
ing of more than three drawings. The 
chapter on “End-to-Side Splenorenal 
Shunt and Splenectomy” for bleeding 
esophageal varices, for example, con- 
tains 38 steps individually illus- 
trated. The paragraphs of description 
attached to each drawing are exquis- 
itely detailed. 

The book is for surgeons already 
partly sophisticated in the art of vas- 
cular surgery, since there is little on 
indications or on the merits of al- 
ternative methods. For instance the 
reader, when confronted with a pa- 
tient with postthrombotic stasis and 
ulcer, must decide for himself 
whether to use ligation and stripping 
or the long saphenous vein and inter- 
ruption of the superficial femoral 
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vein, or interruption of the communi- 
cating veins (the Linton flap oper- 
ation), or excision and graft of the ul- 
cer. 

The colored artwork is vivid and 
hits the reader as a startling depar- 
ture from the traditional sequences of 
operative technique. But, being semi- 
diagrammatic, each drawing trans- 
mits its message with total clarity. As 
a professional technical atlas it surely 
stands as a landmark, and more than 
one nod must be given the publishers 
for their efforts. 

It is trite to say about any book 
that it is a “must.” It depends on 
whom one is addressing or what one 
“must” do. I say, however, that every 
surgeon, whether vascular or other- 
wise, must at least open this book. 

RICHARD WARREN, MD 
Boston 


Common Surgical Emergencies. By C 
Barrie Williams, MD. Price, $7.25. Pp 147. Pub- 
lisher: Williams & Wilkins Co, 428 E Preston St, 
Baltimore, MD 21202, 1973. 


This short monograph is written by 
a senior surgical registrar as an intro- 
duction to acute surgical problems for 
the student and “those who have to 
deal with these problems.” It fulfills 
its goal if the reader is indeed a nov- 
ice. The brief review of each common 
problem is generally accurate, al- 
though the emphasis is sometimes 
misplaced. 

The sophisticated reader will find 
much to quarrel with in terms of tim- 
ing and type of treatment. For ex- 
ample, the nonoperative treatment of 
an appendiceal mass is well described 
yet has little place in modern treat- 
-= ment. The use of a barium enema to 

treat, as well as diagnose, an intus- 
susception is decried, while this tech- 
nique is the cornerstone of current 
management of intussusception. Cer- 
tain omissions are acceptable when 
one realizes that laparoscopy may not 
be generally available; however, culdo- 
centesis may be critical in the diag- 
nosis of ectopic pregnancy and should 
have been mentioned. Similar state- 
ments can be made on each section of 
the book. 

The section on practical problems is 
adequate, the section on thromboem- 
bolism is excellent and timely. In such 
a short survey there is little need for 
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a drug compendium, particularly 
when the doses, proposed mechanisms 
of action, and indications are at vari- 
ance with larger, more established 
texts. This monograph may be useful 
as an introduction for the medical 
student or rotating intern; the sur- 
geon in training will be much better 
served by one of the larger mono- 
graphs that have withstood the test 
of time and revision. 

JOHN LAMBERTI, MD 

Brookline, Mass 


Mercer’s Orthopaedic Surgery, ed 7. By 
Robert B Duthie, ChM (Edin), Albert B Fergu- 
son, Jr, MD. Price, $62. Pp 1,236. Publisher. Wil- 
liams & Wilkins Co, 428 E Preston St, Baltimore, 
Md 21202, 1973. 


The seventh edition of a book first 
appearing in 1932 demands more 
than a cursory examination. Its posi- 
tion of leadership in the orthopedic 
literature was firmly established by 
Mercer, but its recent continuity was 
assured by Duthie, who has been asso- 
ciated with the book in various capac- 
ities for at least 15 years. 

The book is divided into areas of 
general and specific knowledge. An 
excellent introduction to the basic sci- 
ence aspects of the musculoskeletal 
system comes before discussion of 
specific affections. A dual approach is 
used thereafter. Problems that tend 
to similarly affect most regions of the 
locomotor system, such as arthritis, 
infection, and tumors, are dealt with 
in separate sections. Thereafter a re- 
gional approach covering the diseases 
specific to each anatomic area is fol- 
lowed. The emphasis is on accurate 
and complete diagnosis, with methods 
of treatment discussed in a more gen- 
eral way. Excellent references, many 
of 1971 and 1972 vintage, are given 
at the end of each chapter covering 
treatment and other aspects. As indi- 
cated, this is not a manual of surgical 
methods. Neither has any attempt 
been made to cover fractures. 

Clearly reproduced roentgen- 
ograms are liberally used. Numerous 
comparative charts are useful in sim- 
plifying one’s grasp of difficult diag- 
nostic areas such as the histiocytic 
granulomatoses and muscular dys- 
trophies. 

The recent rapid evolution in the 


care of difficult problems in childhood 
is reflected in good sections on ce- 
rebral palsy, muscular dystrophy, 
myelomeningocele, and hemophilia, 
always with emphasis on sound but 
progressive management. Both the 
acute and long-term care of poliomye- 
litis are given concise but complete 
coverage. 

In adult orthopedics, good sections 
on the modern management of stroke 
and rheumatoid arthritis are pre- 
sented. Total hip arthroplasty is pre- 
sented as another good way to treat 
coxarthrosis, while appropriately lim- 
ited comment is made on total-knee 
arthroplasty, an area still in the de- 
velopmental stage. Amputations and 
prosthetics are well covered with suf- 
ficient surgical detail for easy grasp 
of modern principles of forming a 
stump as a useful end organ. 

At first glance, rehabilitation ap- 
pears to be given short shrift, with 
only 14 pages. However, these few 
pages incisively contrast the frequent 
irrationality of passive physical 
methods with truly remedial active 
therapy, carried out by the patient 
using his own musculoskeletal sys- 
tem. In addition, specific sections 
throughout the book contain the reha- 
bilitation methods appropriate to 
that problem. 

This book should especially appeal 
to orthopedic residents and practicing 
orthopedists who wish to update their 
knowledge of the ever widening base 
on which good orthopedics is prac- 
ticed. Medical students will find it ex- 
cellent but, as the cost is high, should 
expect their school library to purchase 
it. Family physicians who wish to 
understand the pathophysiology of 
many conditions they treat daily will 
also find it valuable. General surgeons 
will find the sections on amputations 
and prosthetics useful. 

Many of the advances in orthoped- 
ics have resulted from international 
collaboration. The authors, one from 
Oxford, after a sojourn at the Univer- 
sity of Rochester, the other from the 
University of Pittsburgh, exemplify 
this approach in their wide selection 
of significant material from the Brit- 
ish, American, and European litera- 
ture. This has resulted in a superior 
text of lasting value. 

JOHN H. Bowker, MD 
Little Rock, Ark 
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tion of rabbit-skin epithelial cells [Freeman] 
721 (My); surgical application of tissue cul- 
ture expanded rabbit-skin autografts [Igel] 
724 (My) 

Bursa-Dependent Lymphocytes see B-Lympho- 
cytes 


c 


Calcification, Pathologic see Calcinosis 

Calcinosis 

hepatic calcification due to Fasciola gigantica 
[Grange] 113 (Ja) 

Calcium see Hypercalcemia 

Calculi 

enterolith small bowel obstruction (pseudogall- 
stone ileus) (letter) [Falk] 749 (My) 

Candida 

endophthalmitis associated with intravenous 
hyperalimentation [Freeman] 237 (Fe) 

Candidiasis see Moniliasis 

Cannulation see Intubation 

Carbon 

use of pure carbon for permanent percutaneous 
electrical connector systems [Mooney] 148 
(Fe) 

Carcinoma 

acute appendicitis secondary to metastatic car- 
cinoma of breast [Burney] 872 (Je) 

development of carcinoma in regional enteritis 
[Saeed] 376 (Mr) 

differentiated thyroid carcinomas, treatment of 
distant metastases [Harness] 410 (Ap) 

how vital is mammography in diagnosis and 
management of breast carcinoma [Block] 588 
(Ap) 

periampullary carcinoma [Wilson] 539 (Ap) 

gn Sow: of extrahepatic bile ducts [Peck] 798 
Je) 

simple cystectomy in management of bladder 
carcinoma [Cordonnier] 190 (Fe) 

Carcinoma, Bronchogenic 

minimal pulmonary resection in treatment of 
carcinoma of lung [Shields] 420 (Ap) 

Carcinoma, Epidermoid 

management of inadequately excised epidermoid 
carcinoma [Glass] 50 (Ja) 

Carcinoma in Situ 

suspension laryngomicroscopy in cancer insti- 
tute [Shedd] 168 (Fe) 


Carcinoma, Squamous Cell see Carcinoma, 
Epidermoid 

Cardiac Output 

hyperdynamiec states and the physiologic de- 
terminants of survival in patients with cir- 
rhosis and portal hypertension [Siegel] 282 
(Mr) 

Cardiopulmonary Bypass see Extracorporeal 
Circulation 

Carotid Arteries 

external carotid artery shunting during carotid 
endarterectomy [Machleder] 785 (Je) 

ulcerated atheroma of carotid artery [Blaisdell] 
491 (Ap) 

Carpal Bones 

nonunion of the carpal navicular, modes of 
treatment [Sprague] 692 (My) 

Carpal Tunnel Syndrome 

proximal pain in carpal tunnel syndrome [Cher- 
ington] 69 (Ja) 

Casts, Surgical 

cast syndrome, duodenal dilation or obstruction 
in patient in a body cast, with review of 
literature [Hughes] 230 (Fe) 

Catheterization 

prolonged radial-artery catherization, evalua- 
tion of heparinized catheters and continuous 
irrigation [Downs] 671 (My) 

subclavian vein catheter replacement without 
venipuncture [Blewett] 241 (Fe) 

technique for prevention of hepatic duct dis- 
ruption caused by use of Fogarty biliary 
catheter (letter) [Butsch] 381 (Mr) 

Cephalothin 

levels in human bile [Ram] 187 (Fe) 

Cerebral Ischemia, Transient 

ulcerated atheroma of carotid artery [Blaisdell] 
491 (Ap) 

Cerebral Vasospasm see Cerebral Ischemia, 
Transient 

Cerebrovascular Disorders 

ulcerated atheroma of carotid artery [Blaisdell] 
491 (Ap) 

Certification 

in vascular surgery (letter) [Smyth] 381 (Mr) 

Child 

hypernephroma in children [Nygaard] 97 (Ja) 

Cholangiography 

congenital dilatation of intrahepatic biliary 
ducts [Watts] 592 (Ap) 

endoscopic cannulation of papilla of Vater 
[Gaisford] 519 (Ap) 

nonroutine operative cholangiography [Thur- 
ston] 512 (Ap) 

rapid and accurate preoperative diagnosis of 
obstructive jaundice, utilization of visceral 
angiography and transhepatic cholangiog- 
raphy [Kaplan] 825 (Je) 

Cholecystectomy 

endoscopic cannulation of papilla of Vater 
[Gaisford] 519 (Ap) 

“innocent” pneumobilia [Schechner] 118 (Ja) 

nonroutine operative cholangiography [Thur- 
ston] 512 (Ap) 

Cholecystography 

cholecystokinin cholecystography in acalculous 
gallbladder disease [Nora] 507 (Ap) 

Cholecystokinin 

cholecystography in acalculous gallbladder dis- 
ease [Nora] 507 (Ap) 

effect of vagotomy on hormones stimulating 
pancreatic secretion [Konturek] 704 (My) 

Chyle 

ehylopericardium as complication of aortopul- 
monary shunt [Jacob] 870 (Je) 

Cicatrix 

heterotopic ossification in abdominal operation 
sears (letter) [Filippone] 248 (Fe) 

Cirrhosis, Liver see Liver Cirrhosis 

Coccidioides 

granulomatous peritonitis due to Coccidioides 
immitis [Saw] 369 (Mr) 

Colitis, Ulcerative 

intravenous hyperalimentation, treatment of in- 
flammatory diseases of bowel [Vogel] 460 
(Ap) 

Colon see also Colostomy 

acute large bowel obstruction, comparison of 
county, VA and community hospital] popula- 
tions [Greenlee] 470 (Ap) 

oral elmental diet, new bowel preparation 
[Johnson] 32 (Ja) 
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Colon see also Colostomy—Contimued 

reversal of colonic net absorption to net secre- 
tion with increased intraluminal pressure 
[Bury] 854 (Je) 

Colonic Neoplasms 

acute large bowel obstruction, comparison of 
county, VA and community hospital popula- 
tions [Greenlee] 470 (Ap) 

Colonoscopy see Proctoscopy 

Colostomy 

appliance for management of diverting loop 
colostomy [Corman] 742 (My) 

Common Bile Duct 

periampullary carcinoma [Wisor] 539 (Ap) 

sclerosis of extrahepatic bile ducts [Peck] 798 


appreciation for valued services cf, 123 (Ja) 

Contraceptives, Oral 

spontaneous rupture of liver in patient using 
contraceptive pills [Freder®k] 93 (Ja) 

Contracture 

internal fixation in management cf burned hand 
[Achauer] 814 (Je) 

Coronary Artery Bypass see Aortocoronary 
Bypass 

Coronary Care Units 

emergency medical eare system, Lincoln (Neb) 
mobile heart team [Carveth] &28 (Ap) 

Coronary Disease see also Aortocoronary By- 
pass 

intrinsic plasma volume deficits in patients with 
coronary artery disease, effects of myocardial 
revascularization [Cohn] 5% (Ja) 

re-revascularization of ischemic myocardium 
[Benedict] 40 (Ja) 

Cough 

unusual expectoration due to foreign body 
(letter) [Dieter] 128 (Ja) 

Creatinine 

renal dysfunction following open-heart opera- 
tions [Abel] 175 (Fe) 

Crohn Disease see Enteritis, Regional 

Crush Syndrome see Kidney Failure, Acute 


Dacron see Polyethylene Terephthalate 

Debridement 

nonclostridial gas-forming infection, collective 
review and report of seven cases [VanBeek] 
552 (Ap) 

Diabetes Mellitus 

gangrene of feet in diabetics [Williams] 609 
(Ap) 


Dialysis, Extracorporeal see Hemodialysis 


Dialysis, Ileal Loop see Hemcdialysis 

Diaphragmatic Hernia 

gastroesophageal reflux [Bartlett] 16 (Ja) 

Nissen fundoplication without crural] repair, 
eure for reflux esophagitis [Safaie-Shirazi] 
424 (Ap) 

Diet 

oral elemental diet, new bowel preparation 
[Johnson] 32 (Ja) 

Diethylcarbamazine 

hepatic ascariasis, case report and review of 
literature [Saw] 733 (My) 

Diverticulitis, Colonic 

acute large bowel obstruction, eomparison of 
county, VA and community hospital popula- 
tions [Greenlee] 470 (Ap) 

perforated solitary diverticultis of transverse 
colon (letter) [Wong] 249 (Fe); (letter) 
[Ackerman] 880 (Je) 

Dogs 

parietal cell vagotomy and gastric emptying of 
liquids in the dog [Weddle] 83 (Ja) 

prolonged total left ventricular bypass in dogs 
[Miller] 195 (Fe) 

Drainage 

pancreatic abscess [Miller] 545 (Ap) 

transgastric drainage of large encapsulated 
omental sac hematoma [Graanis] 104 (Ja) 

Duodenal Neoplasms 

carcinoma of distal duodenum [Sa'mon] 89 (Ja) 

periampullary carcinoma [Wilson] 539 (Ap) 

primary adenocarcinoma of duodenum [Moss] 
805 (Je) 

Duodenal Ulcer 

parietal cell vagotomy and gastriz emptying of 
liquids in the dog [Weddle] 83 (Ja) 
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Duodenal Ulcer—Continued 

parietal cell vagotomy without drainage, early 
evaluation of results in treatment of duo- 
denal ulcer [Jordan] 434 (Ap) 

recurrent duodenal ulcer disease [Ahmad] 428 
(Ap) 

Duodenum 

aortoenteric and paraprosthetic-enteric fistulas 
[Elliott] 479 (Ap) 

cast syndrome, duodenal dilation or obstruction 
in patient in a body cast, with review of 
literature [Hughes] 230 (Fe) 

Chaucer said it, whither goest the duodenal 
stump blow-out? (letter) [Szilagyi] (reply) 
[Griffen] 248 (Fe) 

duodenal acidification and antral release of 
gastrin [Becker] 205 (Fe) 

internal omphalocele, distinct and separate en- 
tity from paraduodenal hernia [Satyanand] 
233 (Fe) 

vascular compression of duodenum and peptic 
ulcer disease [Thompson] 674 (My) 


Ear, Middle 

intratympanic correction of Frey syndrome 
[Friedman] 366 (Mr) 

Echocardiography 

echographic detection of abdominal aortic 
aneurysms (letter) [Stokes] 248 (Fe) 

Eck Fistula see Portacaval Anastomosis 

Economics, Hospital 

ambulatory surgical unit, alternative to hos- 
pitalization [Saltzstein] 143 (Fe) 

controlling cost of hospital care [Rosoff] 141 
(Fe) 

patient, the laboratory, and the surgeon [De- 
Cosse] 267 (Mr) 

Economics, Medical 

surgical fees (letter) [Swart] 248 (Fe) 

Edema see Pulmonary Edema 

EDITORIAL COMMENT 

air splint [Clippinger] 747 (My) 

development of carcinoma in regional enteritis 
[Saeed] 379 (Mr) 

effect of vagotomy on hormones stimulating 
pancreatic secretion [Skillman] 708 (My) 

hemodynamic response to vasodilation and exer- 
cise in “‘critica]’’ arterial stenosis [Powers] 
714 (My) 

hepatic ascariasis [Sodeman] 735 (My) 

iatrogenic renal hypertension [Grayhack] 222 
(Fe) 

ineffectiveness of steroid therapy in treating 
aspiration of hydrochloric acid [Cameron] 
861 (Je) 

major lower extremity amputations following 
arterial reconstruction [Warren] 660 (My) 

management of inadequately excised epidermoid 
carcinoma [DeCosse] 51 (Ja) 

nonatherosclerotic segmental arterial occlusion 
of extremity [Vaidya] 667 (My) 

oral elemental diet [Warren] 34 (Ja) 

penetrating injuries of abdominal aorta [Zeppa] 
842 (Je) 

pulmonary response to major injury [Civetta] 
355 (Mr) 

recovery from complete heart block following 
aortic valve replacement [Shumway] 375 
(Mr) 

reversal of colonic net absorption to net secre- 
tion with increased intraluminal pressure 
[Powers] 857 (Je) 

spontaneous rupture of liver in patient using 
contraceptive pills [McDermott] 95 (Ja) 

surgical treatment of Staphylococcus aureus 
endarteritis in hemodialysis arteriovenous 
fistula [Morgan] 732 (My) 

suspension laryngomicroscopy in a cancer in- 
stitute [Goldwyn] 170 (Fe) 

use of oral-anal string as guideline for colonos- 
copy [Sugarbaker] 879 (Je) 

use of pure carbon for permanent percutaneous 
electrical connector systems [Kettelkamp] 153 
(Fe) 

vascular compression of duodenum and peptic 
ulcer disease [Judd] 679 (My) 

vascular surgical problems in renal transplanta- 
tion [Warren] 878 (Je) 

Education, Medical 

full-time or geographic? [Cohn] 763 (Je) 

Effort see Exertion 


Effusions see Pericardial Effusion 

Electric Stimulation 

use of pure carbon for permanent percutaneous 
electrical connector systems [Mooney] 148 
(Fe) 

Embolism, Fat 

hemodynamic and pathological findings in ex- 
perimental! fat embolism [Parker] 70 (Ja) 

Emergency Health Services 

emergency medical care system, Lincoln (Neb) 
mobile heart team [Carveth] 528 (Ap) 

Endarterectomy 

external carotid artery shunting during carotid 
endarterectomy [Machleder] 785 (Je) 

Endarteritis 

surgical treatment of Staphylococcus aureus 
endarteritis in hemodialysis arteriovenous 
fistula [Silverman] 730 (My) 

Endophthalmitis 

Candida endophthalmitis associated with intra- 
venous hyperalimentation [Freeman] 237 
(Fe) 

Endoscopy 

endoscopic cannulation of papilla of Vater 
[Gaisford] 519 (Ap) 

in massive gastrointestinal tract bleeding (let- 
ter) [Hedberg] 123 (Ja) 

Enema 

futility of barium sulfate in diagnosis of bleed- 
ing Meckel diverticulum [Meguid] 361 (Mr) 

Enteritis, Regional 

development of carcinoma in regional enteritis 
[Saeed] 376 (Mr) 

intravenous hyperalimentation, treatment of in- 
flammatory diseases of bowel [Vogel] 460 
(Ap) 

Enterolith see Calculi 

Enzymes, Proteolytic see Proteolytic Enzymes 

Epinephrine 

pulmonary anatomic arteriovenous shunting 
caused by epinephrine [Nomoto] 201 (Fe) 

Epithelial Cells 

new method for covering large surface area 
wounds with autografts, in vitro multiplica- 
tion of rabbit-skin epithelial cells [Freeman] 
721 (My) 

Equipment and Supplies 

appliance for management of diverting loop 
colostomy [Corman] 742 (My) 

high-speed pneumatic drill for biopsy of thy- 
roid lesions [Sachdeva] 744 (My) 

ERRATUM 

Boston interhospital amputation study [War- 
ren] 107:861 (De); correction 292 (Mr) 

Erythrocytes 

intrinsic plasma volume deficits in patients 
with coronary artery disease, effects of myo- 
cardial revascularization [Cohn] 57 (Ja) 

Esophageal Perforation 

iatrogenic perforations of esophagus [Wolloch] 
357 (Mr) 

Esophageal Reflux 

gastroesophageal reflux [Bartlett] 16 (Ja) 

Nissen fundoplication without crural repair, 
cure for reflux esophagitis [Safaie-Shirazi] 
424 (Ap) 

Esophageal Varices 

emergency portacaval shunt treatment for bleed- 
ing esophageal varices [Orloff] 293 (Mr) 

extrahepatic portal hypertension [Voorhees] 33 
(Mr) . 

interposition “H” grafting for portal hyper- 
tension [Thompson] 502 (Ap) 

role of hemodynamic measurements in porto- 
systemic shunt surgery [Reynolds] 276 (Mr) 

selective distal splenorenal shunt [Warren] 306 
(Mr) 

Esophagitis 

Nissen fundoplication without crural repair, 
cure for reflux esophagitis {[Safaie-Shirazi] 
424 (Ap) 

Esophagitis, Peptic 

gastroesophageal reflux [Bartlett] 16 (Ja) 

Exercise see Exertion 

Exertion 

hemodynamic response to vasodilation and ex- 
ercise in “critical’’ arterial] stenosis [ Weissen- 
hofer] 712 (My) 

Exocrine Glands see Breast; Pancreas 

Extracorporeal Circulation 

acute aortic dissection during cardiopulmonary 
bypass [Benedict] 810 (Je) 
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Extracorporeal Circulation—Continued 

heparinless venoarterial bypass, its application 
in treatment of experimental cardiogenic 
shock [Wakabayashi] 497 (Ap) 

prolonged total left ventricular bypass in dogs 
[Miller] 195 (Fe) 

Extracorporeal Dialysis see Hemodialysis 

Extremities 

major lower extremity amputations following 
arterial] reconstruction [Burgess] 655 (My) 

nonatherosclerotic segmental arterial occlusion 
of extremity [Inada] 663 (My) 

symmetrical peripheral gangrene [Goodwin] 
780 (Je) 

Extremities, Artificial see Artificial Limbs 


F 


Face 

deltopectoral flaps, repair of face and neck de- 
fects caused by radical excision of malignant 
tumors [Zirkle] 770 (Je) 

Family 

congenital pyloric atresia in siblings (letter) 
[Keramidas] 123 (Ja) 

Fasciola 

hepatic calcification due to Fasciola gigantica 
[Grange] 113 (Ja) 

Fees, Medical 

surgical fees (letter) [Swart] 248 (Fe) 

‘Fibrinogen 

12]-fibrinogen uptake and bilateral impedance 
rheography, diagnosis of postoperative venous 

- thrombosis [Gazzaniga] 66 (Ja) 

50 YEARS AGO IN THE ARCHIVES OF SUR- 
GERY 

~- gastric ulcer studies, 684 (My) 

studies in exhaustion, VI: Septicemia, 336 (Mr) 

surgery of the pituitary body with illustrative 
cases, 49 (Ja) 

Filters see Filtration 

Filtration 

placement of vena cava umbrella filters, value of 
phlebography [McConnell] 789 (Je) 

Fistula 

aortoenteric and paraprosthetic-enteric fistulas 
[Elliott] 479 (Ap) 

primary suture of eroded innominate artery 
(letter) [Meyers] 749 (My) 

Foot 

gangrene of feet in diabetics [Williams] 609 
(Ap) 

Foreign Bodies 

unusual expectoration due to foreign body (let- 
ter) [Dieter] 123 (Ja) 

Fractures 

fracture healing, 
[Laros] 698 (My) 

Fractures, Ununited 

nonunion of the carpal navicular, modes of 
treatment [Sprague] 692 (My) 

Frey Syndrome see Sweating, Gustatory 

Fundoplication 

Nissen fundoplication without crural repair, 
cure for reflux esophagitis [Safaie-Shirazi] 
424 (Ap) 


compression vs fixation 


Gallbladder see Cholecystectomy; Cholecys- 
tography 

Gallbladder Diseases 

cephalothin levels in human bile [Ram] 187 
(Fe) 

cholecystokinin cholecystography in acalculous 
gallbladder disease [Nora] 507 (Ap) 

Gangrene 

of feet in diabetics [Williams] 609 (Ap) 

symmetrical peripheral gangrene [Goodwin] 780 
(Je) 

Gases 

nonclostridial gas-forming infections, collective 
review and report of seven cases [Van- 
Beek] 552 (Ap) 

Gastrectomy 

malignant gastrinoma following total gastrec- 
tomy [Passaro] 444 (Ap) 

Gastric Antrum see Pyloric Antrum 

Gastric Juice 

duodenal acidification and antral release of gas- 
trin [Becker] 205 (Fe) 

gastric hypersecretion and pancreatic exocrine 
deficiency (letter) [Harvey] 381 (Mr) 
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Gastric Juice—Continued 

ineffectiveness of steroid therapy in treating 
aspiration of hydrochloric acid [Chapman] 
858 (Je) 

parietal cell vagotomy without drainage, early 
evaluation of results in treatment of duodenal 
uleer [Jordan] 434 (Ap) 

Gastric Mucosa 

on corrosive properties of bile and pancreatic 
juice on living tissue in dogs [Wickbom] 680 
(My) 

Gastrin 

duodenal acidification and antral release of gas- 
trin [Becker] 205 (Fe) 

effect of vagotomy on hormones stimulating 
pancreatic secretion [Konturek] 704 (My) 

Gastroduodenal Ulcer see Peptic Ulcer 

Gastroenterostomy 

retroanastomotic hernia [Johnson] 363 (Mr) 

Gastrointestinal Hormones 

effect of vagotomy on hormones stimulating 
pancreatic secretion [Konturek] 704 (My) 

Gastrointestinal System 

use of oral-anal string as guideline for colonos- 
copy [Smith] 879 (Je) 

Gastroschisis 

[Binnington] 455 (Ap) 

Gastroscopy 

transgastric drainage of large encapsulated 
omental sac hematoma [Grannis] 104 (Ja) 

Glutamic-Oxaloacetic Transaminase see As- 
partate Aminotransferase 

Graft Rejection 

“spontaneous” rupture of homografted kidneys 
[Kootstra] 107 (Ja) 

Grafts see Transplantation 

Granuloma 

granulomatous peritonitis due to Coccidioides 
immitis [Saw] 369 (Mr) 

Granuloma, Hodgkin see Hodgkin Disease 

Granuloma, Malignant see Hodgkin Disease 


H 


Hand 

internal fixation in management of burned hand 
[Achauer] 814 (Je) 

proximal venous thrombosis after side-to-side 
arteriovenous fistula [Mindich] 227 (Fe) 

Health Manpower 

surgical manpower, symposium [Chase] 637 
(My) 

Heart Block 

recovery from complete heart block following 
aortic valve replacement [Pakrashi] 373 
(Mr) 

Heart-Lung Bypass see Extracorporeal Circu- 
lation 

Heart, Mechanical see Extracorporeal Circu- 
lation 

Heart Surgery see also Aortocoronary Bypass; 
Myocardial Revascularization 

acute aortic dissection during cardiopulmonary 
bypass [Benedict] 810 (Je) 

renal dysfunction following open-heart opera- 
tions [Abel] 175 (Fe) 

Heart Valve Prosthesis 

recovery from complete heart block following 
aortic valve replacement [Pakrashi] 373 
(Mr) 

Heart Ventricle 

prolonged total left ventricular bypass in dogs 
[Miller] 195 (Fe) 

Hematoma 

transgastric drainage of large encapsulated 
omental sac hematoma [Grannis] 104 (Ja) 

Hemodialysis 

acute pancreatitis secondary to calcium in- 
fusion in a dialysis patient [Hochgelerent] 
218 (Fe) 

postoperative renal failure in 1970s [Ray] 576 
(Ap) 

proximal venous thrombosis after side-to-side 
arteriovenous fistula [Mindich] 227 (Fe) 

surgical treatment of Staphylococcus aureus 
endarteritis in hemodialysis arteriovenous fis- 
tula [Silverman] 730 (My) 

Hemodynamics 

hemodynamic and pathological findings in ex- 
perimental] fat embolism [Parker] 70 (Ja) 


Hemodynamics—Continued 

hyperdynamic states and the physiologic de- 
terminants of survival in patients with cir- 
rhosis and portal hypertension [Siegel] 282 
(Mr) 

response to vasodilation and exercise in “criti- 
cal” arterial stenosis [Weissnhofer] 712 (My) 

role of hemodynamic measurements in porto- 
systemic shunt surgery [Reynolds] 276 (Mr) 

Hemorrhage 

abdominal apoplexy due to rupture of superior 
mesenteric artery aneurysm [Blumenberg] 
223 (Fe) 

massive pulmonary hemorrhagic infarction fol- 
lowing revascularization of ischemic lungs 
[Brown] 795 (Je) 

mediastinal hemorrhage from parathyroid ade- - 
noma simulating dissecting aneurysm [Berry] 
740 (My) 

pathophysiology of respiratory distress syn- 
drome [Blaisdell] 44 (Ja) 

Hemorrhage, Gastrointestinal 

endoscopy in massive gastrointestinal tract 
bleeding (letter) [Hedberg] 123 (Ja) 

futility of barium sulfate in diagnosis of bleed- 
ing Meckel diverticulum [Meguid] 361 (Mr) 

Hemorrhoids 

possible new cause [Warren] 762 (Je) 

Heparin 

heparinless venoarterial bypass, its application 
in treatment of experimental cardiogenic 
shock [Wakabayashi] 497 (Ap) 

hypercoagulability, thrombelastographic moni- 
toring during extensive hepatic surgery 
[Howland] 605 (Ap) 

prolonged radial-artery catheterization, evalua- 
tion of heparinized catheters and continuous 
irrigation [Downs] 671 (My) 

Hepatectomy 

congenital dilatation of intrahepatic biliary 
ducts [Watts] 592 (Ap) 

resection of primary hepatic malignant lesions 
[Adson] 599 (Ap) 

Hepatic Artery 

hepatic arterialization and portacava] shunt in 
hepatic cirrhosis [Maillard] 315 (Mr) 

treatment of patients with hepatic tumors and 
jaundice by ligation of hepatic artery [Larmi] 
178 (Fe) 

Hepatic Cirrhosis see Liver Cirrhosis 

Hepatic Coma 

in cirrhosis, portal hypertension, and following 
portacaval shunt [Fischer] 325 (Mr) 

Hepatic Duct 

technique for prevention of hepatic duct dis- 
ruption caused by use of Fogarty biliary 
catheter (letter) [Butsch] 881 (Mr) 

Hepatitis, Homologous Serum 

autotransfusion in three variations 
[Gierson] 749 (My) 

Hereditary Diseases 

pancreatitis, review and presentation of addi- 
tional kindred [Appel] 63 (Ja) 

Hernia 

internal omphalocele, distinct and separate en- 
tity from paraduodenal hernia [Satyanand] 
233 (Fe) 

retroanastomotic hernia [Johnson] 363 (Mr) 

Hetrazan see Diethylcarbamazine 

Hiatal Hernia see Diaphragmatic Hernia 

Histiocytosis-X see Reticuloendotheliosis 

Histocompatibility Antigens 

early posttransplant renal nonfunction [Moore] 
685 (My) 

outcome of kidney retransplantation [Husberg] 
584 (Ap) 

HL-A see Histocompatibility Antigens 

Hodgkin Disease 

quarter century with splenectomy, changing 
concepts [Fabri] 569 (Ap) 

Hospital Outpatient Clinics 

ambulatory surgical unit, alternative to hospi- 
talization [Saltzstein] 143 (Fe) 

Hospitals 

acute large bowel obstruction, comparison of 
county, VA and community hospital popula- 
tions [Greenlee] 470 (Ap) 

Hyalin Substance 

therapeutic portacaval shunt, preliminary data 
on controlled trial and morbid effects of acute 
hyaline necrosis [Mikkelsen] 302 (Mr) 

Hyaline Membrane Disease see Respiratory 
Distress Syndrome 


(letter) 
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Hydrochloric Acid, Gastric see Gastric Juice 

Hyperalimentation see Parenteral! Feeding 

Hypercalcemia 

acute pancreatitis secondary tc ca_cium infusion 
in a Galysis patient [Hochgelerent] 218 (Fe) 

acute pancreatitis secondary to iatrogenic hy- 
percaxemia, implications cf hyperalimenta- 
tion [Manson] 213 (Fe) 

Hyperceagulability see Blood Coagulation Dis- 
orders 

Hypernephroma see Adenocarcinoma 

Hyperparathyroidism 

acute pancreatitis secondary to iatrogenic hy- 
percaxemia, implications cf hyperalimenta- 
tion [Manson] 213 (Fe) 

Hyperpsasia see Precancerous Conditions 

Hypersplenism 

quarter century with splenectomy, changing 
concevts [Fabri] 569 (Ap) 

Hypertension 

postressscitation hypertension [Ledgerwood] 
531 (Ap) 

Hypertension, Porta! 

appraisal of progress in treatment of portal 
hypercension [Orloff] 269 (Mr) 

control of portal hypertension, selective mes- 
enter arterial infusion of wascpressin [Nus- 
baum 342 (Mr) 

emergency portacaval shunt treatment for 
bleeding esophageal varices fOrloff] 293 (Mr) 

extrahepatic portal hypertemsion [Voorhees] 
338 (Mr) 

hepatic arterialization and portacaval] shunt in 
hepatæ cirrhosis [Maillard] 815 (Mr) 

hepatic coma in cirrhosis, portal hypertension, 
and fellowing portacava] shunt [Fischer] 325 
(Mr) 

hyperdynamic states and the shysiologic deter- 
minarts of survival in patients with cirrhosis 
and portal hypertension [Siegel] 282 (Mr) 

interposition “H” grafting for porta] hyper- 
tension [Thompson] 502 (Ap) 

progress in treatment of portal hypertension, 
sympesium, papers, 269-347 (Mr) 

role of hemodynamic measurements in porto- 
systemic shunt surgery [Reynolds] 276 (Mr) 

selective distal splenorena] shunt [Warren] 306 
(Mr) 

therapentic portacaval shunt, preliminary data 
on controlled trial and morbid effects of acute 
hyalime necrosis [Mikkelsen 8(2 (Mr) 

Hypertension, Renal 

iatrogemic renal hypertension McCormack] 220 
(Fe) 

Hypoglycemia 

idiopathic hypoglycemia in infamcy [Fonkals- 
rud] £01 (Je) 


latrogenic Diseases 

acute pancreatitis secondary +o iatrogenic hy- 
percaxemia, implications cf hyperalimenta- 
tion [Manson] 213 (Fe) 

iatrogemic perforations of esophagus [Wolloch] 
357 (Mr) 

iatrogeric renal hypertension McCormack] 220 
(Fe) 

Icterus see Jaundice 

lleitis, Regional see Enteritis, Regional 

lleitis, Terminal see Enteritis, Regional 

lleacolitis see Enteritis, Regional 

ileus see Intestinal Obstructian 

Iliac Artery 

en bloc transplantation of pediatric kidneys into 
adult patients [Andersen] 35 (Ja) 

sudden complete thrombosis o? aortic and iliac 
aneurysms [Johnsen] 792 (Je) 

Immunéy, Cellular see T-Lymphocytes 

immunization 

alveolar macrophage functiom in immunized, 
burned rats [Skornik] 715 (My) 

Infant, Newborn i 

gastroscnisis [Binnington] 45€ (Ap) 

Infarctien, Pulmonary see Pulmonary Em- 
bolism 

Infection 

nonclostridial gas-forming imfeetions 
Beek] 552 (Ap) 

Infusiors, Parenteral 

control of portal hypertension, selective mes- 
enteric arterial infusion of wasopressin [Nus- 
baum” 342 (Mr) 


[Van- 
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Inguinal Hernia 

results of nylon darn repair for inguinal hernia 
[Callum] 25 (Ja) 

Injuries see Wounds and Injuries 

Innominate Artery 

primary suture of eroded innominate artery 
(letter) [Meyers] 749 (My) 

Intestinal Absorption 

reversal of colonic net absorption to net secre- 
tion with increased intraluminal pressury 
[Bury] 854 (Je) 

Intestinal Mucosa 

on corrosive properties of bile and pancreatic 
juice on living tissue in dogs [Wickbom] 680 
(My) 

Intestinal Neoplasms 

small bowel polyps and carcinoma in multiple 
intestinal polyposis [Ross] 736 (My) 

Intestinal Obstruction 

acute large bowel obstruction, comparison of 
county, VA and community hospital popula- 
tions [Greenlee] 470 (Ap) 

enterolith small bowel obstruction (pseudogall- 
stone ileus) (letter) [Falk] 749 (My) 

retroanastomotie hernia [Johnson] 863 (Mr) 

Intestinal Polyps 

small bowel polyps and carcinoma in multiple 
intestinal polyposis [Ross] 736 (My) 

Intestinal Secretions see also Gastrointestinal 
Hormones 

reversal of colonic net absorption to net secre- 
tion with increased intraluminal pressury 
[Bury] 854 (Je) 

Intestine, Small i 

aortoenteric and paraprosthetic-enteric fistulas 
[Elliott] 479 (Ap) 

Intravenous Feeding see Parenteral Feeding 

Intubation 

endoscopic cannulation of papilla of Vater 
[Gaisford] 519 (Ap) 

lodine Isotopes, Diagnostic 

125]-fibrinogen uptake and bilateral impedance 
rheography, diagnosis of postoperative venous 
thrombosis [Gazzaniga] 66 (Ja) 

lodine Radioisotopes 

differentiated thyroid carcinomas, treatment of 
distant metastases [Harness] 410 (Ap) 

Irrigation 

prolonged radial-artery catheterization, evalua- 
tion of heparinized catheters and continuous 
irrigation [Downs] 671 (My) 

Islet Cell Tumor, Ulcerogenic see Zollinger- 
Ellison Syndrome 


Jaundice 

treatment of patients with hepatic tumors and 
jaundice by ligation of hepatic artery [Larmi] 
178 (Fe) 

Jaundice, Homologous Serum see Hepatitis, 
Homologous Serum 

Jaundice, Obstructive 

rapid and accurate preoperative diagnosis of 
obstructive jaundice [Kaplan] 825 (Je) 


K 


Keflin see Cephalothin 

Kidney 

depletion and restoration of tissue ATP in 
hemorrhagic shock [Chaudry] 208 (Fe) 

iatrogenic renal hypertension [McCormack] 220 
(Fe) 

on corrosive properties of bile and pancreatic 
juice on living tissue in dogs [Wickbom] 680 
(My) 

renal dysfunction following open-heart opera- 
tions [Abel] 175 (Fe) 

Kidney Failure, Acute see also Hemodialysis 

postoperative rena] failure in 1970s [Ray] 576 
(Ap) 

Kidney Failure, Chronic see Hemodialysis 

Kidney Neoplasms 

hypernephroma in children [Nygaard] 97 (Ja) 

Kidney Transplantation 

early posttransplant renal nonfunction [Moore] 
685 (My) 

en bloc transplantation of pediatric kidneys 
into adult patients [Andersen] 35 (Ja) 

outcome of kidney retransplantation [Husberg] 
584 (Ap) 

“spontaneous” rupture of homografted kidneys 
[Kootstra] 107 (Ja) 


Kidney Transplantation—Continued 

vascular surgical problems in rena] transplanta- 
tion [Codd] 876 (Je) 

Kidney Tubular Necrosis, Acute see Kidney 
Failure, Acute 


L 


Laboratories 

patient, the laboratory, and the surgeon [De- 
Cosse] 267 (Mr) 

Lactate Dehydrogenase 

biochemical aspects of experimental] hepatic al- 
lotransplantation [Halliday] 75 (Ja) 

Lactic Cytochrome Reductase see Lactate De- 
hydrogenase 

Laryngeal Neoplasms 

suspension laryngomicroscopy in cancer insti- 
tute [Shedd] 168 (Fe) 

Laryngoscopy 

suspension laryngomicroscopy in cancer insti- 
tute [Shedd] 168 (Fe) 

LDH see Lactate Dehydrogenase 

Limbs see Extremities 

Liver 

bile duct adenomatosis of liver (letter) [Levin] 
880 (Je) 

biochemical] aspects of experimental hepatic al- 
lotransplantation [Halliday] 75 (Ja) 

congenital] dilatation of intrahepatic biliary 
ducts [Watts] 592 (Ap) 

depletion and restoration of tissue ATP in 
hemorrhagic shock [Chaudry] 208 (Fe) 

hepatic ascariasis, case report and review of 
literature [Saw] 733 (My) 

hepatic calcification due to Fasciola gigantica 
[Grange] 113 (Ja) 

hypercoagulability, thrombelastographic moni- 
toring during extensive hepatic surgery 
[Howland] 605 (Ap) 

spontaneous rupture of liver in patient using 
contraceptive pills [Frederick] 93 (Ja) 

therapeutic portacaval shunt, preliminary data 
on controlled trial and morbid effects of acute 
hyaline necrosis [Mikkelsen] 302 (Mr) 

trauma, conservative management and liver 
scan [Popovsky] 184 (Fe) 

Liver Circulation see Hepatic Artery; Portal 
System 

Liver Cirrhosis 

emergency portacaval shunt treatment for bleed- 
ing esophageal varices, prospective study in 
unselected patients with alcoholic cirrhosis 
[Orloff] 293 (Mr) 

hepatic arterialization and portacaval shunt in 
hepatic cirrhosis [Maillard] 315 (Mr) 

hepatic coma in cirrhosis, portal hypertension, 
and following portacaval shunt [Fischer] 325 
(Mr) 

hyperdynamic states and the physiologic de- 
terminants of survival in patients with cir- 
rhosis and portal hypertension [Siegel] 282 
(Mr) 

selective distal splenorenal shunt [Warren] 306 
(Mr) 

Liver Neoplasms 

malignant gastrinoma following total gastrec- 
tomy [Passaro] 444 (Ap) 

resection of primary hepatic malignant lesions 
[Adson] 599 (Ap) 

treatment of patients with hepatic tumors and 
jaundice by ligation of hepatic artery [Larmi] 
178 (Fe) 

Lower Nephron Nephrosis see Kidney Failure, 
Acute 

Lung see also Pneumonectomy 

pathophysiology of respiratory distress syn- 
drome [Blaisdell] 44 (Ja) 

pulmonary response to major injury [Horovitz] 
349 (Mr) 

Lung Diseases 

granulomatous peritonitis due to Coccidioides 
immitis [Saw] 369 (Mr) 

Lung Neoplasms 

differentiated thyroid carcinomas, treatment of 
distant metastases [Harness] 410 (Ap) 

minimal pulmonary resection in treatment of 
carcinoma of lung [Shields] 420 (Ap) 

Lymph Nodes ) 

carcinoma of distal duodenum [Salmon] 89 (Ja) 

B-Lymphocytes 

evaluation of immune status in tumor patients 
[Vetto] 558 (Ap) 


Subject Index to Volume 108 893 


T-Lymphocytes 
evaluation of immune status in tumor patients 
[Vetto] 558 (Ap) 


Macrophages 

alveolar macrophage function in immunized, 
burned rats [Skornik] 715 (My) 

Mammography 

how vital is mammography in diagnosis and 
management of breast carcinoma [Block] 588 
(Ap) 

Manpower see Health Manpower 

Mastitis 

in nonlactating breast during pregnancy (let- 
ter) [Sokol] 247 (Fe) 

Meckel Diverticulum 

futility of barium sulfate in diagnosis of bleed- 
ing Meckel diverticulum [Meguid] 361 (Mr) 

Median Nerve see Carpal Tunnel Syndrome 

Mediastinum 

mediastinal hemorrhage from parathyroid ade- 
noma simulating dissecting aneurysm [Berry] 
740 (My) 

Megacolon, Toxic see Colitis, Ulcerative 

Mesenteric Arteries 

abdominal apoplexy due to rupture of superior 
mesenteric artery aneurysm [Blumenberg] 
223 (Fe) 

control of portal hypertension, selective mes- 
enteric arterial infusion of vasopressin [Nus- 
baum] 342 (Mr) 

vascular compression of duodenum and peptic 
ulcer disease [Thompson] 674 (My) 

Mesenteric Cyst 

mesenteric cysts, special review [Caropreso] 242 
(Fe) 

Metastasis see Neoplasm Metastasis 

Methyiprednisolone 

ineffectiveness of steroid therapy in treating 
aspiration of hydrochloric acid [Chapman] 
858 (Je) 

Microscopy 

suspension laryngomicroscopy in cancer insti- 
tute [Shedd] 168 (Fe) 

Mobile Health Units 

emergency medical care system, Lincoln (Neb) 
mobile heart team [Carveth] 528 (Ap) 

Moniliasis 

Candida endophthalmitis associated with intra- 
venous hyperalimentation [Freeman] 237 
(Fe) 

Muscles 

use of pure carbon for permanent percutaneous 
electrical connector systems [Mooney] 148 
(Fe) 

Myelofibrosis 

quarter century with splenectomy, changing 
concepts [Fabri] 569 (Ap) 

Myocardial Revascularization 

intrinsic plasma volume deficits in patients with 
coronary artery disease [Cohn] 57 (Ja) 

re-revascularization of ischemic myocardium 
[Benedict] 40 (Ja) 


Neck 

deltopectoral flaps, repair of face and neck de- 
fects caused by radical excision of malignant 
tumors [Zirkle] 770 (Je) 

Necrosis 

surgery for necrotic bites of brown spider 
[Auer] 612 (Ap) 

therapeutic portacaval shunt, preliminary data 
on controlled trial and morbid effects of acute 
hyaline necrosis [Mikkelsen] 302 (Mr) 

Neoplasm Metastasis ; 

acute appendicitis secondary to metastatic car- 
cinoma of breast [Burney] 872 (Je) 

differentiated thyroid carcinomas, treatment of 
distant metastases [Harness] 410 (Ap) 

malignant gastrinoma following total gastrec- 
tomy [Passaro] 444 (Ap) 

Neoplasm Recurrence, Local 

recurrent pheochromocytoma [Harrison] 450 
(Ap) ; 

Neoplasms 

deltopectoral flaps, repair of face and neck de- 
fects caused by radical excision of malignant 
tumors [Zirkle] 770 (Je) 
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Neoplasms—Continued 

evaluation of immune status in tumor patients 
[Vetto] 558 (Ap) 

suspension laryngomicroscopy in cancer insti- 
tute [Shedd] 168 (Fe) 

Nerve Conduction see Neural Conduction 

Neural Conduction 

proximal pain in carpal tunnel] syndrome [Cher- 
ington] 69 (Ja) 

NEWS AND COMMENT 

128 (Ja), 256 (Fe) 

Nissen Fundoplication see Fundoplication 

Nylon 

results of nylon darn repair for inguinal] hernia 
[Callum] 25 (Ja) 


o 


Oddi Sphincter see Vater Ampulla 

Omentum 

transgastric drainage of large encapsulated 
omental sac hematoma [Grannis] 104 (Ja) 

Omphalocele see Umbilical Hernia 

Operating Rooms 

ambulatory surgical unit, alternative to hospi- 
talization [Saltzstein] 143 (Fe) 

Organ Preservation see Tissue Preservation 

Orthopedic Fixation Devices 

fracture healing, compression vs 
[Laros] 698 (My) 

Ossification, Pathologic 

heterotopic ossification in abdominal operation 
scars (letter) [Filippone] 248 (Fe) 


fixation 


P 
Pain 


proximal pain in carpal tunnel syndrome [Cher- 
ington] 69 (Ja) 

use of pure carbon for permanent percutaneous 
electrical connector systems [Mooney] 148 
(Fe) 

Pancreas 

carcinoma of distal duodenum [Salmon] 89 (Ja) 

endoscopie cannulation of papilla of Vater 
[Gaisford] 519 (Ap) 

gastric hypersecretion and pancreatic exocrine 
deficiency (letter) [Harvey] 381 (Mr) 

idiopathic hypoglycemia in infancy [Fonkals- 
rud] 801 (Je) ; 

pancreatic abscess [Miller] 545 (Ap) 

Pancreatic Juice 

effect of vagotomy on hormones stimulating 
pancreatic secretion [Konturek] 704 (My) 

on corrosive properties of bile and pancreatic 
juice on living tissue in dogs [Wickbom] 680 
(My) 

Pancreatic Neoplasms 

hereditary pancreatitis, review and presentation 
of additional kindred [Appel] 63 (Ja) 

periampullary carcinoma [Wilson] 539 (Ap) 

Pancreatitis 

acute pancreatitis secondary to calcium infusion 
in a dialysis patient [Hochgelerent] 218 (Fe) 

acute pancreatitis secondary to iatrogenic hy- 
percalcemia, implications of hyperalimenta- 
tion [Manson] 213 (Fe) 

hereditary pancreatitis, review and presentation 
of additional kindred [Appel] 63 (Ja) 

Parathyroid Neoplasms 

mediastinal hemorrhage from parathyroid ade- 
noma simulating dissecting aneurysm [Berry] 
740 (My) 

Parenteral Feeding 

acute pancreatitis secondary to iatrogenic hy- 
percalcemia, implication of hyperalimentation 
[Manson] 213 (Fe) 

Candida endophthalmitis associated with intra- 
ve hyperalimentation [Freeman] 237 
(Fe) 

intravenous hyperalimentation, treatment of 
inflammatory diseases of bowel [Vogel] 460 
(Ap) 

Parenteral Infusions see Infusions, Parenteral 

Parietal Cells 

vagotomy without drainage, early evaluation of 
results in treatment of duodenal ulcer [Jor- 
dan] 434 (Ap) 

Parotid Gland 

intratympanic correction of Frey syndrome 
[Friedman] 866 (Mr) 

Patients 

patient, the laboratory, and the surgeon [De- 
Cosse] 267 (Mr) 


Peer Review 

and all that, three little words [Moore] 397 (Ap) 

Peptic Ulcer see also Duodenal Ulcer; Zol- 
linger-Ellison Syndrome 

vascular compression of duodenum and peptic 
ulcer disease [Thompson] 674 (My) 

Peptide Hydrolases see Proteolytic Enzymes 

Pericardial Effusion 

chylopericardium as complication of aortopul- 
monary shunt [Jacob] 870 (Je) 

Peritoneal Cavity 

internal omphalocele, distinct and separate en- 
tity from paraduodenal hernia [Stayanand] 
233 (Fe) 

visceral injury due to extraperitoneal gunshot 
wounds [Edwards] 865 (Je) 

Peritoneum 

role of proteolytic enzyme in prevention of post- 
operative intraperitoneal adhesions [Nair] 
849 (Je) 

Peritonitis 

granulomatous peritonitis due to Coccidioides 
immitis [Saw] 369 (Mr) 

Phagocytosis see Macrophages 

Pheochromocytoma 

recurrent pheochromocytoma [Harrison] 450 
(Ap) 

Phlebography 

placement of vena cava umbrella filters, value of 
phlebography [McConnell] 789 (Je) 

Physical Effort see Exertion 

Physicians 

surgical manpower, symposium [Chase] 687 
(My) 

Pitressin see Vasopressin 

Plasma Volume see Blood Volume 

Plaster Casts see Casts, Surgical 

Plethysmography, Impedance 

13]-fibrinogen uptake and bilateral impedance 
rheography, diagnosis of postoperative venous 
thrombosis [Gazzaniga] 66 (Ja) 

Pneumatic Drill 

high-speed pneumatic drill for biopsy of thyroid 
lesions [Sachdeva] 744 (My) 

Pneumonectomy 

minimal pulmonary resection in treatment of 
carcinoma of lung [Shields] 420 (Ap) 

Pneumonia, Aspiration 

ineffectiveness of steroid therapy in treating 
aspiration of hydrochloric acid [Chapman] 
858 (Je) 

Polyethylene Terephthalate 

failure of Dacron arterial] prostheses [Deterling] 
13 (Ja) 

Portacaval Anastomosis 

emergency portacaval shunt treatment for bleed- 
ing esophageal varices [Orloff] 293 (Mr) 

hepatic arterialization and portacava] shunt in 
hepatic cirrhosis [Maillard] 315 (Mr) 

hepatic coma in cirrhosis, portal hypertension, 
and following portacaval shunt [Fischer] 325 
(Mr) 

interposition “H” grafting for portal hyper- 
tension [Thompson] 502 (Ap) 

therapeutic portacaval shunt, preliminary data 
on controlled trial and morbid effects of acute 
hyaline necrosis [Mikkelsen] 302 (Mr) 

Portal System 

role of hemodynamic measurements in porto- 
systemic shunt surgery [Reynolds] 276 (Mr) 

Portal Vein 

selective distal splenorenal shunt [Warren] 306 
(Mr) 

Positive-Pressure Respiration 

ineffectivenes of steroid therapy in treating 
aspiration of hydrochloric Acid [Chapman] 
858 (Je) 

Postoperative Complications 

chylopericardium as complication of aortopul- 
monary shunt [Jacob] 870 (Je) 

early posttransplant rena] nonfunction [Moore] 
685 (My) 

15]-fibrinogen uptake and bilateral impedance 
rheography, diagnosis of postoperative venous 
thrombosis [Gazzaniga] 66 (Ja) 

postoperative renal failure in 1970s [Ray] 576 
(Ap) 

proximal venous thrombosis after side-to-side 
arteriovenous fistula [Mindich] 227 (Fe) 

recurrent duodenal ulcer disease [Ahmad] 428 
(Ap) 

renal dysfunction following open-heart opera- 
tions [Abel] 175 (Fe) 
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Postoperative Complications—Gontinued 

retroanas*omotic hernia {Johnscn} 363 (Mr) 

role of preteolytic enzyme in prevention of post- 
operative intraperitoneal admesions [Nair] 
849 (Je) 

Precancerous Conditions 

development of careinoma in regional enteritis 
[Saeed] 376 (Mr) 

small bowel polyps and carcincna in multiple 
intestinal polyposis [Ross] 75 (My) 

Pregnancy Complications 

mastitis im nonlactating breas during preg- 
nancy (letter) [Sokol] 247 (7e) 

Preoperative Care 

eral elemental diet, new bovel preparation 
[Johnsen] 82 (Ja) 

Pressure 

air splint, alternative to immediate postopera- 
tive prosthesis [Sher] 746 (M~) 

reversal cf colonic net adsorptien to net secre- 
tion with increased intraluminal pressure 
[Bury] 854 (Je) 

Priscoline see Tolazoline 

Proctoscapy 

use of oral-anal string as guidene for colonos- 
copy [Smith] 879 (Je) 

Professional Standards Review Organizations 
see Peer Review 

Prognosis 

eutcome cf kidney retrarsplant=ion [Husberg] 
584 (Ap) 

Prosthesis 

aortoenteric and paraprostheticeenteric fistulas 
[Elliott] 479 (Ap) 

Proteolytic Enzymes 

role of preteolytic enzyme in pre ention of post- 
operative intraperitoneal adesions [Nair] 
849 (Je) 

Pseudomenas aeruginosa 

alveolar macrophage function in immunized, 
burned rats [Skornik] 715 (My) 

PSROs see Peer Review 

Pulmonary Alveoli 

alveolar macrophage function in immunized, 
burned rats [Skornik] 715 (M) 

Pulmonary Artery 

chylopericardium as complicatia of aortopul- 
monary shunt [Jacob] 870 (J®) 

hemodynamic and patho ogical indings in ex- 
perimental] fat embolism [Parzer 70 (Ja) 

Pulmonary Circulation see alo Ventilation- 
Perfusion Ratio 

massive pulmonary hemorrhagic infarction fol- 
lowing revascularization of schemic lungs 
[Brown] 795 (Je) 

pulmonary anatomie arteriovesous shunting 
caused hy epinephrine _Nomots] 201 (Fe) 

Pulmonary Edema 

hemodynamic and pathological andings in ex- 
perimental] fat embolism [Parer] 70 (Ja) 

pathophysiology of respiratory distress syn- 
drome [Blaisdell] 44 (Ja) 

Pulmonary Embolism 

hemodynamic and pathobgical andings in ex- 
perimental fat embolism [Parker] 70 (Ja) 

massive pulmonary hemorrhagic infarction fol- 
lowing revascularizaticn of schemic lungs 
[Brown] 795 (Je) 

Placement of vena cava umbrella jilters, value of 
phlebography [McConnell] 78€ (Je) 

Pulmonary Neoplasms see Lung Neoplasms 

Pyloric Antrum 

duodenal acidification and antral release of 
gastrin [Becker] 205 (Fe) 

parietal cell vagotomy and gastme emptying of 
liquids in the dog [Weddle] 83 (Ja) 

Pyloric Stenosis 

a pyloric atresia (letter [Szalay] 248 
(Fe) 

congenital pyloric atresia in si linzs (letter) 
[Keramidas] 123 (Ja) 


Rabbits 

new methed for covering large surface area 
wounds with autografts, in vro multiplica- 
tion of rabbit-skin epithelial cells [Freeman] 
721 (My); surgical aprlicatior of tissue cul- 
ture expanded rabbit-sxin autografts [Igel] 
724 (My ) 
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Radical Neck Dissection 

deltopectoral flaps, repair of face and neck de- 
fects caused by radical excision of malignant 
tumors [Zirkle] 770 (Je) 

Radioisotope Scanning 

liver trauma, conservative management and 
liver scan [Popovsky] 184 (Fe) 

Rats 

alveolar macrophage function in immunized, 
burned rats [Skornik] 715 (My) 

Regurgitation, Gastric see Esophageal Reflux 

Renal Artery 

iatrogenic renal hypertension [McCormack] 220 
(Fe) 

vascular surgical problems in renal transplanta- 
tion [Codd] 876 (Je) 

Renal Failure, Acute see Kidney Failure, Acute 

Renal Veins 

major venous anomalies complicating abdominal 
aortic surgery [Brener] 159 (Fe) 

vascular surgical problems in renal transplanta- 
tion [Codd] 876 (Je) 

Respiratory Distress Syndrome 

pathophysiology of respiratory distress syn- 
drome [Blaisdell] 44 (Ja) 

Respiratory Function Tests 

pulmonary response to major injury [Horevitz] 
349 (Mr) 

Resuscitation 

emergency medical care system, Lincoln (Neb) 
mobile heart team [Carveth] 528 (Ap) 

postresuscitation hypertension [Ledgerwood] 
531 (Ap) 

Reticuloendotheliosis 

quarter century with splenectomy, changing con- 
cepts [Fabri] 569 (Ap) 

Retroperitoneal Space 

transgastric drainage of large encapsulated 
omental sac hematoma [Grannis] 104 (Ja) 

Rheography see Plethysmography, Impedance 

Rupture 

abdominal apoplexy due to rupture of superior 
mesenteric artery aneurysm [Blumenberg] 
223 (Fe) 


- perforated solitary diverticulitis of transverse 


colon (letter) [Wong] 249 (Fe); (letter) 
[Ackerman] 880 (Je) 

Rupture, Spontaneous 

of liver in patient using contraceptive pills 
[Frederick] 93 (Ja) 

“spontaneous” rupture of homografted kidneys 
[Kootstra] 107 (Ja) 


Sabiston, David C. 

new editor of Annals of Surgery [Warren] 14 
(Ja) 

Salicylic Acid see Aspirin 

Saphenous Vein 

improved method of harvesting long saphenous 
vein grafts (letter) [Plecha] 249 (Fe) 

Schools, Medical 

full-time or geographic? [Cohn] 763 (Je) 

Scintillation Counters 

pulmonary anatomic arteriovenous shunting 
caused by epinephrine [Nomoto] 201 (Fe) 

Sclerosis 

of extrahepatic bile ducts [Peck] 798 (Je) 

Secretin 

effect of vagotomy on hormones stimulating 
pancreatic secretion [Konturek] 704 (My) 

SGOT see Aspartate Aminotransferase 

Shock, Cardiogenic 

heparinless venoarterial bypass, its application 
in treatment of experimental cardiogenic 
shock [Wakabayashi] 497 (Ap) 

Shock, Hemorrhagic 

depletion and restoration of tissue ATP in 
hemorrhagic shock [Chaudry] 208 (Fe) 

postresuscitation hypertension, etiology, mor- 
bidity, and treatment [Ledgerwood] 531 (Ap) 

Silver 

improved management of skin graft donor 
sites with silver sulfadiazine dressings [Lloyd] 
561 (Ap) 

Skin 

use of pure carbon for permanent percutaneous 
electrical connector systems [Mooney] 148 
(Fe) 

Skin Neoplasms 

management of inadequately excised epidermoid 
carcinoma [Glass] 50 (Ja) 


Skin Transplantation 

deltopectoral flaps, repair of face and neck de- 
fects caused by radical excision of malignant 
tumors [Zirkle] 770 (Je) 

improved management of skin graft donor sites 
with silver sulfadiazine dressings [Lloyd] 561 
(Ap) 

internal fixation in management of burned hand 
[Achauer] 814 (Je) 

new method for covering large surface area 
wounds with autografts, in vitro multiplica- 
tion of rabbit-skin epithelial cells [Freeman] 
721 (My); surgical application of tissue cul- 
ture expanded rabbit-skin autografts [Igel] 
724 (My) 

Sodium Cephalothin see Cephalothin 

Southern California Chapter of American Col- 
lege of Surgeons 

meeting, Jan 18-20, 1974, papers 770-829 (Je) 

Specialties, Medical 

certification in vascular 
[Smyth] 381 (Mr) 

Spider Bite see Arachnidism 

Spiders 

surgery for necrotic bites of brown spider 
[Auer] 612 (Ap) 

Spinal Fusion 

cast syndrome, duodenal dilation er obstruction 
in patient in a body cast, with review of 
literature [Hughes] 230 (Fe) 

Spleen 

on corrosive properties of bile amd pancreatic 
juice on living tissue in dogs [Wickbom] 680 
(My) 

Splenectomy 

quarter century with splenectomy, changing 
concepts [Fabri] 569 (Ap) 

Splenic Vein 

selective distal splenorenal shunt | Warren] 306 
(Mr) 

Splints 

air splint, alternative to immediate postopera- 
tive prosthesis [Sher] 746 (My) 

internal fixation in management of burned hand 
[Achauer] 814 (Je) 

Staphylococcal Infections 

surgical treatment of Staphylococcus aureus 
endarteritis in hemodialysis arteriovenous 
fistula [Silverman] 730 (My) 

Steroids see Adrenal Cortex Hormones 

Stimulation, Electric see Electric Stimulation 

Stomach 

parietal] cell vagotomy and gastric emptying of 
liquids in the dog [Weddle] 83 (Ja) 

Stomach Neoplasms 

malignant gastrinoma following total gastrec- 
tomy [Passaro] 444 (Ap) 

Stroke see Cerebrovascular Disorders 

Subclavian Vein 

catheter replacement without 
[Blewett] 241 (Fe) 

Sulfadiazine 

improved management of skin graft donor sites 
with silver sulfadiazine dressings [Lloyd] 561 
(Ap) 

Surgeons 

new giants [Throckmorton] 399 (Ap) 

Surgery see also Operating Rooms; Postop- 
erative Complications 

autotransfusion in three variations [Couch] 121 
(Ja), (letter) [Gierson] 749 (My) 

patient, the laboratory, and the surgeon [De- 
Cosse] 267 (Mr) 

surgical manpower, symposium [Chase] 637 
(My) 

Surgery, Plastic 

deltopectora] flaps, repair of face and neck de- 
fects caused by radical excision of malignant 
tumors [Zirkle] 770 (Je) 

Sutures Technics 

vascular anastomosis bow, aid for coronary ar- 
tery bypass and other vascular operations 
[Sako] 380 (Mr) 

Sweating, Gustatory 

intratympanic correction of Frey syndrome 
[Friedman] 366 (Mr) 


surgery (letter) 


venipuncture 


T 
Technetium 


pulmonary anatomic arteriovenous shunting 
caused by epinephrine [Nomotc] 201 (Fe) 
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Thrombelastography 

hypercoagulability, thrombelastographic moni- 
toring during extensive hepatic surgery 
[Howland] 605 (Ap) 

Thromboangiitis Obliterans 

nonatherosclerotic segmental arterial occlusion 
of extremity [Inada] 663 (My) 

Thrombophlebitis 

125]-fibrinogen uptake and bilateral impedance 
rheography, diagnosis of postoperative venous 
thrombosis [Gazzaniga] 66 (Ja) 

proximal venous thrombosis after side-to-side 
arteriovenous fistula [Mindich] 227 (Fe) 

spontaneous rupture of liver in patient using 
contraceptive pills [Frederick] 93 (Ja) 

Thrombosis 

prolonged radial-artery catheterization, evalua- 
tion of heparinized catheters and continuous 
irrigation [Downs] 671 (My) 

sudden complete thrombosis of aortic and iliac 
aneurysms [Johnson] 792 (Je) 

Thrombosis, Venous see Thrombophlebitis 

Thymus-Dependent Lymphocytes see T-Lym- 
phocytes 

Thyroid Gland 

high-speed pneumatic drill for biopsy of thyroid 
lesions [Sachdeva] 744 (My) 

Thyroid Gland, Desiccated see Thyroid Hor- 
mones 

Thyroid Hormones 

thyroid suppression [Hill] 403 (Ap) 

Thyroid Neoplasms 

differentiated thyroid carcinomas, treatment of 
distant metastases [Harness] 410 (Ap) 

thyroid suppression [Hill] 403 (Ap) 

Tissue Culture 

new method for covering large surface area 
wounds with autografts, in vitro multiplica- 
tion of rabbit-skin epithelial cells [Freeman] 
721 (My); surgical application of tissue cul- 
ture expanded rabbit-skin autografts [Igel] 
724 (My) 

Tissue Preservation 

early posttransplant renal nonfunction [Moore] 
685 (My) ? 

Tolazoline 

hemodynamic response to vasodilation and exer- 
cise in “critical” arterial stenosis [Weissen- 
hofer] 712 (My) 

Tracheotomy 

primary suture of eroded innominate artery 
(letter) [Meyers] 749 (My) 

Training Support 

full-time or geographic? [Cohn] 763 (Je) 

Transplantation see also Kidney Transplanta- 
tion; Tissue Preservation 

biochemical aspects of experimental hepatic al- 
lotransplantation [Halliday] 75 (Ja) 

improved method of harvesting long saphenous 
vein grafts (letter) [Plecha] 249 (Fe) 
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Transplantation Antigens see Histocompatibil- 
ity Antigens 

Transplantation Immunology see Graft Re- 
jection 

Trauma see Wounds and Injuries 

Tympanic Plexus 

intratympanic correction of Frey syndrome 
[Friedman] 366 (Mr) 
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Ulcer see also Peptic Ulcer 

ulcerated atheroma of carotid artery [Blaisdell] 
491 (Ap) 

Ultrasonics see Echocardiography 

Umbilical Hernia 

internal omphalocele, distinct and separate 
entity from paraduodenal hernia [Satyanand] 
233 (Fe) 

Urea see Blood Urea Nitrogen 

Urinary Diversion 

simple cystectomy in management of bladder 
carcinoma [Cordonnier] 190 (Fe) 
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v 
Vagotomy 
effect of vagotomy on hormones stimulating 
pancreatic secretion [Konturek] 704 (My) 
parietal cell vagotomy and gastric emptying of 
liquids in the dog [Weddle] 83 (Ja) 
parietal cell vagotomy without drainage, early 
evaluation of results in treatment of duodenal 
ulcer [Jordan] 434 (Ap) 
Vascular Surgery 
certification in vascular 
[Smyth] 381 (Mr) 


surgery (letter) 


. external carotid artery shunting during carotid 


endarterectomy [Machleder] 785 (Je) 

major lower extremity amputations following 
arterial reconstruction [Burgess] 655 (My) 

nonatherosclerotic segmental arterial occlusion 
of extremity [Inada] 663 (My) 

problems in renal transplantation [Codd] 876 
(Je) 

vascular anastomosis bow, aid for coronary 
artery bypass and other vascular operations 
[Sako] 380 (Mr) 

Vasodilator Agents 

hemodynamic response to vasodilation and exer- 
cise in “critical” arterial stenosis [Weissen- 
hofer] 712 (My) 

Vasopressin 

control of portal hypertension, selective mesen- 
teric arterial infusion of vasopressin [Nus- 
baum] 342 (Mr) 

Vater Ampulla 

endoscopic cannulation of papilla of Vater 
[Gaisford] 519 (Ap) 

periampullary carcinoma [Wilson] 539 (Ap) 


Veins 

major venous anomalies complicating abdominal 
aortic surgery [Brener] 159 (Fe) 

subelavian vein catheter replacement without 
venipuncture [Blewett] 241 (Fe) 

Venae Cavae see also Portacaval Anastomosis 

mediastinal hemorrhage from parathyroid ade- 
noma simulating dissecting aneurysm [Berry] 
740 (My) 

Placement of vena cava umbrella filters, value 
of phlebography [McConnell] 789 (Je) 

Venography see Phlebography 

Venous Thrombosis see Thrombophlebitis 

Ventilation-Perfsion Ratio 

pulmonary response to major injury [Horovitz] 
349 (Mr) 

Volvulus see Intestinal Obstruction 
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Western Surgical Association 

81st annual meeting, Houston, Nov 14-17, 1973, 
papers, 399-618 (Ap) j 

new giants [Throckmorton] 399 (Ap) 

Wounds and Injuries see also Debridement 

liver trauma, conservative management and 
liver scan [Popovsky] 184 (Fe) 

new method for covering large surface area 
wounds with autografts, in vitro multiplica- 
tion of rabbit-skin epithelial cells [Freeman] 
721 (My); surgical application of tissue cul- 
ture expanded rabbit-skin autografts [Igel] 
724 (My) 

penetrating injuries of abdominal aorta [Yeo] 
839 (Je) 

postresuscitation hypertension, etiology, morbid- 
ity, and treatment [Ledgerwood] 531 (Ap) 

pulmonary response to major injury [Horovitz] 
349 (Mr) 

quarter century with splenectomy, changing 
concepts [Fabri] 569 (Ap) 

traumatic aneurysm of abdominal aorta [Ma- 
tolo] 867 (Je) 

Wounds, Gunshot 

penetrating injuries of abdominal aorta [Yeo] 
839 (Je) 


visceral injury due to extraperitoneal gunshot 


wounds [Edwards] 865 (Je) 
Wrist 


nonunion of the carpal navicular, modes of 
treatment [Sprague] 692 (My) 


Z 
Zollinger-Ellison Syndrome 


malignant gastrinoma following total gastrec- 
tomy [Passaro] 444 (Ap) 
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Simulated TV reception. 


Televise and video tape your gastrointestinal and bronchial 


endoscopies in full color for easier examination and teaching. 


Use a proven medica! system — Circon’s fully integrated 
Color EndoVideo System.™ 
Live TV makes your examination easier by eliminating 


the eyestrain associated with peering through an endoscope. 


Even subtle changes in tissue show in true color. Instant 
replay of color video tape permits more thorough review of 
cases after your examination. 

And your color video cassette library will be ideal for 
teaching, or sharing your experience with associates. Both 
audio and video tracks can be edited. You can even add new 
dialog or a foreign language translation. 

The heart of Circon’s Color EndoVideo System™ is the 
world’s smallest color TV camera. Weighing only 3.8 pounds, 
this miniature high resolution camera readily attaches to 





virtually any flexible or rigid endoscope. Using it is as simple 
as turning on the power switch and focusing your endoscope. 
There are no other controls to adjust. 

Cost? Just $9,985 for everything you need to televise 
and video tape endoscopy — the Miniature Color Camera, 
Endoscopic Adaptor, Solid State Monitor, Color Video Tape 
Recorder, Microphone, Video Tapes and Portable Equipment 
Carrier. 


Write or call for a demonstration or more details. 
A complete line of video systems for all specialties 
is available. 


Specialists in Medical Video Systems 


GI R L [} Dept. AS, 749 Ward Drive 


Santa Barbara, Calif. 93111 
An Applied Magnetics Corporation 


(805) 967-0404 


bdce Age Microbicidal Powe 


For optimal preoperative skin degerming —BETADINE Surgical Scrub. Chosen 
by NASA for Apollo 11/12/14 splashdowns, BETADINE Surgical Scrub provides 
a golden microbicidal lather for prepping the operative site... kills both gram- 
positive and gram-negative bacteria (including antibiotic-resistant strains), fungi, 
viruses, protozoa and yeasts... promptly achieves full microbicidal effect with 
each usage. (In the rare instance of local irritation or sensitivity, discontinue use 
in the individual.) 


To enhance antisepsis— BETADINE Solution or BETADINE Aerosol Spray. After 
initial prepping with BETADINE Surgical Scrub, paint the operative area with 
BETADINE Solution (chosen by NASA for tħe Skylab mission), or spray with 
BETADINE Aerosol Spray...both are fully microbicidal and film-forming... 
maintain microbicidal activity in the presence of blood, pus and serum...treated - 
area may be bandaged, taped or covered by a cast. 


To help maintain postoperative antisepsis— Reapply BETADINE Solution or 
BETADINE Aerosol Spray after suturing and during redressing. BETADINE 
microbicides are virtually nonirritating and do not stain skin and natural fabrics. 


PHOTOGRAPH: SKYLAB IN ORBIT, COURTESY THE NATIONAL AERONAUTICS AND SPACE ADMINISTRATION. 
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To the patient who faces a long hospital stay, the prospect of 
wakeful nights in unfamiliar surroundings is particularly 
distressing. That’s one reason why insomnia is often a complaint 
among hospitalized patients. 

Yet sleep is the concern of the vigilant physician as well as 
his patient. Adequate sleep may well be an important element in 
the patient’s recuperation...and too little of it may be detrimental.! 


Dalmane (flurazeoam HCI) 


for 7 to 8 hours of sleep, on average, 
without repeating dosage... 


For the patient who can’t get to sleep, one 30-mg capsule of 
Dalmane (flurazepam HCl) induces sleep rapidly, on average, 
within 17 minutes.?> For the patient who awakens frequently 
during the night or too early in the morning, Dalmane reduces the 
number of nighttime awakenings and, on average, provides 7 to 

8 hours of sleep without repeating dosage.*° This effectiveness 

has been thoroughly documented in the sleep research laboratory.”? 
(For elderly or debilitated patients, it is recommended that 

therapy be initiated with 15 mg A.s.) 





for relative safety.. 


Dalmane (flurazepam HCl) is a distinctive sleep medication — a 
benzodiazepine s>ecifieally indicated for insomnia. It is not a 
barbiturate or methagaa_one, nor is it related chemically to 
any other available hypnotic. 

Dalmane is generally well tolerated; morning “hang-over” 
has been relatively infrequent. While dizziness, drowsiness, 
lightheadedness and tEe ike have been noted most often, 
particularly in the elde-ly and debilitated, physicians should be 


aware of the possibilit~ of more serious reactions. Before 
prescribing, consalt Complete Product Information. 


for a wide range — Dalmane 
of patients, including  (flurazepam HU) 


the hospit Ep = when restful sleep 


warfarin ™ is indicated 


Se i PEARS make One 30-mg capsule h.s. — 
Hospitalized patients, -!! !? “private practice usual adult dosage 


patients, '* the chronically ill,'5 adult patients of oe sich Pcie i 
all ages have been trea ed with Dalmane. Its One 15-mg capsule h.s.— 
consistent effectiveness kas been repeatedly con- re a Cartas kor 
firmed in standard clirical studies all over the debilitated patients. 
United States. Three deuble-blind hospital studies 
showed that Dalmane can relieve insomnia in postsurgical 
patients ''... patients with orthopedic problems'...psychiatric 
patients.'* 

An added benefit: Dalmane and warfarin may be used 
concurrently without r sk of unacceptable fluctuation in 


prothrombin time. 8! 


€ ROCHE Please see following page for a summary of Complete Product Information. i 








when restful sleep 
1s indicated 


Dalmane 
(flurazepam HCl) 





e induces sleep within 17 
minutes, on average 

e reduces nighttime 
awakenings 

e provides 7 to 8 hours 

of sleep, on average, 
without repeating dosage 


Before prescribing Dalmane (flurazepam 
HCI), please consult Complete Product 
Information, a summary of which follows: 


Indications: Effective in all types of insomnia 
characterized by difficulty in falling asleep, 
frequent nocturnal awakenings and/or early 
morning awakening; in patients with recurring 
insomnia or poor sleeping habits; and in 

acute or chronic medical situations requiring 
restful sleep. Since insomnia is often transient 
and intermittent, prolonged administration is 
generally not necessary or recommended. 


Contraindications: Known hypersensitivity 
to flurazepam HCl. 


Warnings: Caution patients about possible 
combined effects with alcohol and other 
CNS depressants. Caution against hazardous 
occupations requiring complete mental alert- 
ness (e.g., operating machinery, driving). 
Use in women who are or may become preg- 
nant only when potential benefits have been 
weighed against possible hazards. Not 
recommended for use in persons under 15 
years of age. Though physical and psycho- 
logical dependence have not been reported 
on recommended doses, use caution in 
administering to addiction-prone individuals 
or those who might increase dosage. 


Precautions: In elderly and debilitated, initial 
dosage should be limited to 15 mg to preclude 
oversedation, dizziness and/or ataxia. If 
combined with other drugs having hypnotic 
or CNS-depressant effects, consider potential 
additive effects. Employ usual precautions 

in patients who are severely depressed, or 
with latent depression or suicidal tendencies. 
Periodic blood counts and liver and kidney 
function tests are advised during repeated 
therapy. Observe usual precautions in 
presence of impaired renal or hepatic function. 


Adverse Reactions: Dizziness, drowsiness, 
lightheadedness, staggering, ataxia and 
falling have occurred, particularly in elderly 
or debilitated patients. Severe sedation, 
lethargy, disorientation and coma, probably 
indicative of drug intolerance or overdosage, 
have been reported. Also reported were 
headache, heartburn, upset stomach, nausea, 
vomiting, diarrhea, constipation, GI pain, 
nervousness, talkativeness, apprehension, 
irritability, weakness, palpitations, chest 
pains, body and joint pains and GU com- 
plaints. There have also been rare occurrences 
of sweating, flushes, difficulty in focusing, 
blurred vision, burning eyes, faintness, 
hypotension, shortness of breath, pruritus, 
skin rash, dry mouth, bitter taste, excessive 
salivation, anorexia, euphoria, depression, 
slurred speech, confusion, restlessness, 
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hallucinations, and elevated SGOT, SGPT, 
total and direct bilirubins and alkaline 
phosphatase. Paradoxical reactions, e.g., 
excitement, stimulation and hyperactivity, 
have also been reported in rare instances. 


Dosage: Individualize for maximum beneficial 
effect. Adults: 30 mg usual dosage; 15 mg 
may suffice in some patients. Elderly or 
debilitated patients: 15 mg initially until 
response is determined. 

Supplied: Capsules containing 15 mg or 

30 mg flurazepam HCl. 
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Editorial 


Aortic Aneurysms 


How Shall We Find Them? 


urgeons offer a wide spectrum of opinion on the 
S sequence of diagnostic steps required in patients in 
whom they suspeet an ebcominal aneurysm. The article by 
Bergan et al in this issue of the ARCHIVES (see page 80) 
presents a new noninvasive method, radionuclide aortog- 
raphy, for examining sach patients prior to surgical inter- 
vention. 

It is not necessary tc debate what specific information a 
surgeon should have prior to operation in order to set into 
perspective the utility of radionuclide aortography. Its 
usefulness will be determined as it evolves by the type of 
information it can reveal, its accuracy, the risk and ex- 
pense of the procedure: and the characteristics of alterna- 
tive methods for deriv ng similar diagnostic information. 
There are now four diagnostic methods for evaluating the 
anatemy of aortic aneurysm that extend beyond the limi- 
tations of the palpating hand: x-ray films of the abdomen, 
ultrasonography, radicnuclide aortography, and contrast 
aortography. We can assume that all surgeons perform 
best during and follow ng surgery when armed with all of 
the information about their patient that can be obtained 
within an acceptable risk and expense. 

The expense of eack of the four methods will vary in 
different hospitals but will be known to each surgeon in 
his or her own environment. The risk of all the procedures 
is negligible, with the exception of contrast aortography; 
its risk varies with the experience and expertise of the 
angiographer. Each surgeon must know his or her angi- 
ographer. The sequence of diagnostic steps in any particu- 
lar patient is then determined by the surgeon on the basis 
of the information required and the available support fa- 
cilities. The completion of the equation, which will ulti- 
mately identify =he appropriate diagnostic examinations, 
thus requires only an understanding of the types of infor- 
mation each diagnosti= method is likely to yield. 

X-ray films of the ebdomen may reveal evidence of a 
mass in the region of zhe aorta or may show calcification 
of the aortic wall. In the latter case, accurate measure- 
ment of aortic size reqaires visualization of calcium in op- 
posing walls of the acrta in the same plane occupied by 
the suspected aneurysm. The differentiation of para-aortic 
masses from intra-abdbminal aneurysms on plain films is 
not possible in the absence of aortic wall calcification. 

Ultrasonography in the hands of an expert ultrason- 
ographer is an accurate means of measuring the true 
diameter of the aorta -n most patients. Follow-up exami- 
nations will reveal chaages of only a few millimeters.’ The 
precision with which the aortic wall is delineated makes 
this an excellent tool for identifying a normal size tor- 
tuous aorta that seems by palpation to be an aneurysm. 


Arch Surg/Vol 109, July 1974 


Furthermore, ultrasonography can differentiate para-aor- 


tic masses from true aortic aneurysms and in some pa- 


tients can help determine the lower extent of a detected 
aneurysm. 

Radionuclide aortography permits an assessment of 
aortic lumen size and may identify 
thrombus by trapping the radionuclide in its irregular- 
ities. It can add a dimension of confidence to the diagnosis 


if the palpating hand or an x-ray film suggests but does 


not prove the diagnosis of aneurysm. For example, it may 
identify a dilated lumen when an x-ray film has shown the 
characteristic curvilinear calcification on the anterior or 
lateral wall but has failed to reveal calcium on the verte- 
bral border of the aorta. 

Contrast aortography primarily depends, as does radio- 


nuclide aortography, on visualization of the lumen of the 


aorta. It can additionally reveal characteristic abnormal- 
ities of the aortic lumen, displacement of the neighboring 
vessels, and separation of the lumen from aortic wall calci- 
fications, all of which aid in the diagnosis of a clot-filled 
aneurysm with a normal size lumen. Aortography, whether 
performed with contrast agent or a radionuclide, cannot 
identify the aortic wall with accuracy when thrombus oc- 
cupies part of the aortic lumen. Contrast aortography sup- 


plies additional information about both the aneurysm and 


the associated vascular beds that cannot be detailed by 
other methods of preoperative diagnosis. It can define the 
upper and lower extents of the aneurysm with more pre- 
cision, and associated atherosclerotic involvement of the 
renal arteries or the iliac arteries is revealed. Further- 
more, the surgeon can be alerted to anomalous origins of 
the renal arteries or to alterations in the blood supply in 
which the inferior mesenteric artery has become a vital 
source to the bowel or to the lower extremities. 


intravascular — 
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Thus, the surgeon sorts out the type of information re- 


quired in any particular case and then looks to the method 


that has the highest probability of revealing that infor- 
mation at the least risk and expense in his own environ- 


ment. 
Douc.ass F. ADAMS, MD 


Department of Radiology 


Harvard Medical School 
25 Shattuck St 
Boston, MA 02115 
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A Panel by Correspondence 


Fat Embolism 


Leonard F. Peltier, MD, PhD, Tucson, Ariz (Guest Editor); 
John A. Collins, MD, St. Louis; 

Charles M. Evarts, MD, Cleveland; 

Simon Sevitt, MD, Birmingham, England 


his is another Panel by Correspondence in a series 
being published by the ARCHIVES. Four recognized 
experts on fat embolism were asked to participate, and 
with their help ten questions were composed; each expert 
was then asked to answer them independently. The Ar- 
CHIVES is grateful to the distinguished surgeons who have 
agreed to participate in this panel on “Fat Embolism.” 
Dr. PELTIER: The first clinical diagnosis of fat embo- 
lism was made by Ernst von Bergmann 100 years ago. 
Since that time the pathogenesis and clinical features of 
fat embolism have been the subject of a voluminous litera- 
ture. The diagnosis of fat embolism has undergone ex- 
traordinary vicissitudes, being described both as an ephem- 
eral or even mythical condition, and as a major cause of 
death in patients with skeletal injuries. The observation, 
by Sproule and his associates in 1964, of a significant de- 
gree of pulmonary shunting and hypoxemia in patients 
with fat embolism has revolutionized our concept of this 
disease and has led directly to a marked improvement in 
treatment. As a result there has been a widespread re- 
newal of interest in fat embolism. Is it an important prob- 
lem? 


Question 1: Among your patients, what is the incidence of 
posttraumatic pulmonary insufficiency due to fat embolism? 


Dr. Evarts: It is likely that a high percentage of post- 
traumatic pulmonary insufficiency without direct respira- 
tory injury is due to pulmonary fat emboli. Statistics to 
confirm this suspicion are not yet available. 

Dr. SEvitt: Fat embolism occurs in only about 1% or 2% 
of subjects with a fractured tibia or femoral shaft, and 
may reach 5% to 10% in those with fractures of both bones, 
and in those with multiple fractures, especially when the 
pelvis is involved. On the other hand, early subclinical 
hypoxemia or rapid posttraumatic onset lasting up to a 
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few days is frequent in patients with fractures of long 
bones. Symptomless hypoxemia has been found in about 
60% of subjects with these fractures in a recent study at 
the Birmingham Accident Hospital. Second subelinical at- 
tacks related to manipulation or surgery are also common, 
especially during the first week or so after fracture. 

Dr. Coins: Among all patients in our general surgical 
intensive care unit requiring mechanical ventilatory sup- 
port, fat embolism has been the primary diagnosis in less 
than 0.5%. Considering only those requiring ventilatory 
support following major injury, the incidence has been 
about 5%. If we consider all injured patients admitted to 
the hospital, fat embolism has been the cause of major 
pulmonary insufficiency in less than 1%. 

Dr. PELTIER: It is quite apparent that posttraumatic 
pulmonary insufficiency or the respiratory distress syn- 
drome is a symptom complex with various causes. While 
fat embolism is only one of these, I believe it is important 
to separate these patients from the larger group because 
of differences in prognosis and treatment. 


Question 2: How do you separate posttraumatic pulmonary 
insufficiency due to fat embolism from that due to shock lung, 
pulmonary contusion, Da Nang lung, diffuse intravascular co- 
agulation, and overhydration? 


Dr. COLLins: The various forms and causes of pulmo- 
nary insufficiency following major operation or injury are ` 
sometimes not easily distinguished one from another. I 
believe certain terms to be poor labels because they em- 
phasize obscurity rather than precision (“Da Nang lung”) 
or imply simple causations that probably do not exist 
(“shock lung”). The major differentials in the seriously in- 
jured patient include the following: pulmonary contusion; 
fluid overload, which may occur without elevations of the 
central venous pressure if noncolloid-containing fluids are 
used and which may be radiologically and functionally 
identical to fat embolism; aspiration pneumonitis, which 
on occasion can mimic fat embolism radiologically; super- 
imposed pulmonary infection; the pulmonary consoli- 
dation that occurs with serious infections elsewhere, espe- 
cially in the upper part of the abdomen; ordinary 
thromboembolism, especially if accompanied by pulmo- 
nary edema. All of these conditions occur in the post- 
traumatic setting, and all can cause a marked shunt with 
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severe hypoxemia and diffuse, nonspecific infiltrates on 
chest roentgenogram. t should be emphasized that in 
many patients the development of posttraumatic pulmo- 
nary nsufficiency will be multifactorial. This is partic- 
ularly true in vehicular accidents, where direct and indi- 
rect physical injury can be widespread throughout the 
body. Almost all of the causes mentioned here can be ac- 
tive im a single patient. 

Dr. Evarts: The recognition of posttraumatic pulmo- 
nary insufficiency due to fat embolism, in contrast to the 
other zauses of pulmonary insufficiency, is made by identi- 
fying certain features of the fat embolism syndrome, ie, 
tachyeardia, tachypnea. confusion in conjunction with ax- 
illary or conjunctival petechiae, lipuria, fat on cryostat 
frozer section of clotted blood, changing patterns by se- 
rial chest roentgenograms, retinal exudates of fat, and de- 
creased arterial oxyger tension values. The identification 
of the salient features f pulmonary contusion, diffuse in- 
travascular coagulatior, and overhydration as causes of 
pulmenary insufficiency will help exclude fat embolism as 
a cause. 


Question 3: In what clinical setting is posttraumatic pulmo- 
nary insufficiency due tc fat embolism most likely to occur? 


Dr. Sevitt: We assume that early posttraumatic pulmo- 
nary _nsufficiency in patients with fractures is the result 
of fat embolism. The essential clinical setting is the onset 
of dyspnea and hypoxemia within a day or two of sustain- 
ing one or more fractures, especially those from high- 
velocity injury. Eespiratory distress is usually part of a 
clinical syndrome due o fat embolism. The distress may 
dominate the picture or be overshadowed by cerebral and 
other effects. The order of onset of symptoms varies and 
respiratory effects may precede or follow cerebral signs. A 
special clinical setting s the onset of respiratory distress 
and cther effects of fat embolism during or following the 
operation of Thompson arthroplasty for subcapital frac- 
tures. 

Dr Evarts: Posttraumatic pulmonary insufficiency due 
to fat embolism is mest likely to occur in a relatively 
young patient with multiple fractures sustained in a ve- 
hiculer accident, with œr without respiratory trauma. This 
type of patient might aave been injured on an interstate 
highway and hav2 required transportation to a major hos- 
pital center, often wita poor immobilization of the frac- 
tures while being transported. | 

DR- COLLINS: Posttraumatic pulmonary insufficiency due 
to faz embolism is much more likely to occur in the few 
days following injury (planned or accidental) to major 
long Dones, especially the femurs. The incidence is proba- 
bly h gher if the fractures are closed than if accidentally 
or therapeutically drained. This relationship to major skel- 
etal injury is se eonstant and so striking that it remains 
the major single obs.acle to accepting the metabolic 
theories for the cause of fat embolism. 


Question 4: How do yeu establish a clinical diagnosis of fat 
embo ism? 


Dr. COLLINS: The clinical diagnosis of fat embolism 
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must be considered in any seriously injured patient who 
develops pulmonary insufficiency. The likelihood of fat 
embolism increases with the number and size of broken 
bones and as the evidence for other specific causes of pul- 
monary insufficiency decreases. The diagnosis is supported 
by the appearance of petechiae in a characteristic distri- 
bution, the appearance of emboli in the retina, and the 
concurrent development of nonlocalizing neurological 
signs, especially alterations in the state of consciousness, 
to the degree that these cannot be explained on the basis 
of hypoxemia or head injury. 

Dr. SEVITT: Some cases are fulminating, with rapid on- 
set of coma and a high mortality. Most of these are diag- 
nosed only at necropsy. The full or classical syndrome is 
characterized by a posttraumatic symptom-free interval 
of 12 to 36 hours followed by major cerebral effects (partic- 
ularly delirium and stupor, which may deepen into coma), 
respiratory symptoms (particularly dyspnea), pyrexia, 
tachycardia, and a characteristic petechial rash that is of 
great diagnostic importance. Frequently the onset of 
symptoms is rapid. The rash appears usually a day or so 
after other symptoms. Classically it consists of multiple 
skin petechiae coming out in crops over the shoulders, 
front of the neck, and upper part of the chest. Petechiae 
may also develop in the conjunctivae of the lower eyelids, 
and this is a useful place to look, especially when they are 
few or absent in the skin. 

Partial syndromes are most common. The petechial rash 
may be absent. Neither cerebral nor respiratory effects 
may occur. Sometimes both are absent, and then the de- 
velopment of a petechial rash may be the only objective 
clinical evidence. The various partial syndromes make 
diagnosis difficult in many cases, especially when pe- 
techiae do not develop in the skin or conjunetivae. 

Dr. Evarts: The clinical diagnosis of fat embolism is 
based on the following symptoms and signs in a patient 
with a history of multiple fractures: (1) the clinical symp- 
toms: shortness of breath, restlessness, and confusion and 
(2) the clinical signs: an elevation of temperature to 39 to 
40 C (100.4 to 104.0 F); tachypnea with rales of 30 per min- 
ute or higher; tachycardia with rales of 140 per minute or 
higher; a changing neurological examination with the on- 
set of marked confusion, stupor, or coma; the onset of pe- 
techiae located across the chest, in the axilla, the root of 
the neck, in the conjunctivae; and edematous fat patches 


within the fundi. A high index of suspicion will aid in the 


diagnosis of the fat embolism syndrome. 

Dr. PELTIER: We have neglected the examination of the 
eye in the clinical diagnosis of fat embolism. Hemor- 
rhages into the vitreous can be seen and are of value in 
diagnosis. Indeed Purtscher posttraumatic retinopathy is 
the only permanent residual deficit that can be found in 
patients who have recovered from fat embolism. 

The usual clinical course of fat embolism extends over a 
period of three to seven days. At the end of this time the 
patient is on the way to recovery or has progressing res- 
piratory failure. In fatal cases, the lungs are heavy and 
the alveoli are filled with a massive exudate of bloody 
fluid. 
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Question 5: What laboratory tests and pulmonary function 
tests are helpful in diagnosing fat embolism? 


Dr. Evarts: Unfortunately, a pathognomonic labora- 
tory test for fat embolism does not exist. In the early 
stages thrombocytopenia occurs with platelet values of 
less than 150,000/cu mm. Free fat in the urine occurs in 
about 40% of patients within the first three days after in- 
jury. Serial chest roentgenograms will reveal the typical 
progressive “snowstorm-like” pulmonary infiltrates. The 
serum lipase value may be elevated during the later 
stages. Electrocardiograph changes may occur, ie, promi- 
nent S-waves, arrhythmias, inversion of T-waves and 
right bundle branch block. A cryostat frozen section of 
clotted blood may reveal fat. The most helpful pulmonary 
function test is the arterial oxygen tension. (Po, values of 
_ less than 60 mm Hg indicate a significant pulmonary 
hypoxemia.) 

DR. COLLINS: The most useful and important single test 
in diagnosing and treating fat embolism is the measure- 
ment of arterial oxygen tension. With significant degrees 
of fat embolism, this will always be below the expected 
normal level. The severity of the hypoxemia will parallel 
the severity of fat embolism. The diagnosis of fat embo- 
lism should not be considered in the absence of a signifi- 
cantly less-than-expected arterial oxygen tension. Unfor- 
tunately, there are many other causes of hypoxemia, so 
that a patient with fractures and hypoxemia does not nec- 
essarily have fat embolism. Hypoxemia cannot be diag- 
nosed by inspection. Analysis of arterial blood is required 
for detecting hypoxemia. All seriously injured patients 
should have arterial blood analysis periodically during the 
early period after injury and operation. With clinically 
significant degrees of fat embolism, there will be wide- 
spread, symmetric parenchymal infiltrates in both lungs, 
often with small snowball effects, suggestive of pulmo- 
nary edema. Platelet counts are usually below normal in 
patients with fat embolism syndrome, but are also de- 
pressed in similarly injured patients without the syn- 
drome. 

Dr. SEvitTT: The single most important laboratory aid is 
determination of the arterial Po, level. This is lowered to 
about 50 mm Hg or less (with air breathing) in those with 
respiratory effects from fat embolism. Examination of the 
sputum for microscopic fat globules (extracellular and 10u 
to 40u in diameter) is a useful aid in the right clinical set- 
ting. In special cases such as obscure posttraumatic coma, 
a needle biopsy examination of the kidney can be helpful. 
In our experience, examination of the urine supernatant 
for fat is a relatively useless exercise. 

Dr. PELTIER: The demonstration of large fat droplets in 
the circulating blood by microscopic methods or with a 
Doppler probe is not helpful because the tests are too sen- 
sitive. Many droplets are found in patients who do not de- 
velop the signs and symptoms of fat embolism. A similar 
criticism can be made of the use of the serum lipase or the 
detection of fat in the urine. In patients with fat embo- 
lism of clinical significance, we rely heavily on measure- 
ments of the arterial blood gas levels, the platelet count, 
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the ECG, and the chest roentgenogram for support of the 
diagnosis. 


Question 6: Outline your treatment for posttraumatic pul- 
monary insufficiency. Are there additional specific methods to 
be recommended for the treatment of fat embolism? 


DR. SEVITT: Oxygen, at present, is the only therapeutic 
tool of proven worth, and it may also have prophylactic 
value in patients with fractures. Though oxygen therapy 
is the single most important practical advance of the last 
20 years, its toxic hazard needs to be fully recognized. In 
sufficient concentration, oxygen can produce a form of 
pneumonitis that induces resistance to oxygen and carries 
a high mortality from hypoxemia. Consequently, oxygen 
should be administered for as short a time as possible and 
at the lowest concentration in the inspired gas mixture 
that produces an acceptable arterial Po, (about 80 mm 
Hg). There is no specific therapy for fat embolism, and the 
principle of treatment is to keep the patient alive and pre- 
vent or treat other complications until spontaneous recov- 
ery takes place. Steroids have been used to reduce acute 
pulmonary inflammatory effects, with encouraging results 
in individual cases, but their final role awaits a proper 
clinical trial. There is no real evidence that heparin so- 
dium, dextran, clofibrate, alcohol, aprotinin (Trasylol), or 
other drugs influence the clinical course of fat embolism. 

Dr. Evarts: The management of posttraumatic pulmo- 
nary insufficiency because of fat embolism is similar to the 
management of ventilatory failure due to other causes. 
Karly recognition of an underlying fat embolism is vital, 
because deterioration of lung function can be lessened by 
prompt respiratory support. The need for ventilatory as- 
sistance is indicated by tachypnea, carbon dioxide reten- 
tion (Pco, greater than 50 mm Hg) in combination with a 
Po, of less than 60 mm Hg. If possible, endotracheal intu- 
bation should be selected rather than tracheostomy, and 
ventilatory support should be maintained with a volume- 
cycled ventilator. Accurate monitoring of blood gas values 
is obviously critical in the management of pulmonary in- 
sufficiency. The inspired oxygen concentration should be 
kept below 40% to lessen the danger of oxygen toxicity. 
The use of massive steroid therapy is indicated. Methyl- 
prednisolone sodium succinate is given intravenously in 
divided doses 600 to 1,200 mg/24 hr. Additional specific 
measures include the early intravenous administration of 
low-dose heparin (25 mg to 50 mg every six hours) and the 
use of low molecular weight dextran (500 ml every 12 
hours) by continuous infusion for the first two or three 
days after the onset of the fat embolism syndrome. 

Dr. COLLINS: I like the way this question was phrased, 
because it implies what I think is clearly the most impor- 
tant feature in the treatment of patients with fat embo- 
lism—the treatment of respiratory insufficiency. The 
treatment of pulmonary insufficiency due to fat embolism 
is completely nonspecific. One goes through a series of 
graded responses: supplemental oxygen, intubation with 
higher percentages of inspired oxygen, and direct suction- 
ing of the tracheobronchial tree, mechanically assisted 
ventilation, continuous positive pressure breathing. The 
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transition from one step to the next depends on the sever- 
ity of the hypoxemia, the response to the present method 
of treatment, the rapidity of improvement or worsening, 
and associated injuries ər diseases that may in themselves 
dictate early reliance oa intubation and assisted ventila- 
tion. Such patients shculd be cared for in special units 
with specially trained nurses whenever possible. Arterial 
oxygen tension need not be kept any higher than 70 to 80 
mm Hg in a well-nonitəred patient, as supplemental oxy- 
gen is itself potentially damaging to the lungs. 

The second major principle in managing these patients 
is careful attenticn to the rest of the patient’s oxygen de- 
livery system. Because ef the nature of the oxyhemoglobin 
dissociation curve, plus the dynamics of the shunt effect, 
the actual increase in arterial oxygen content in response 
to increasing the inspired oxygen concentration will usu- 
ally be rather small. Aaything that is done to reduce the 
magnitude of the shun: effect (effective tracheal suction- 
ing, expanding cellapsed segments of lung, clearing pul- 
monary edema, and so cn) will greatly increase the impact 
of the supplemental oxygen, and this is often the real ben- 
efit gained from ‘ntubetien and assisted ventilation. One 
is still faced with the relationship between arterial oxy- 
gen content and arterial oxygen tension, however, which 
is much less than linear. Often overlooked are the simple 
facts that oxygen delivery is directly proportional to the 
hemoglobin concentration of blood and to the cardiac out- 
put. Maintaining optimal blood volume and hemoglobin 
concentration is therefore very important in patients 
whose oxygen de.ivery systems are severely stressed. 

The third prince ple is to minimize motion at the fracture 
sites. The evidenee that this will decrease the amount of 
embolic fat is mostly indirect and it implies a mechanical 
cause for the fat embolism syndrome. I believe it to be im- 
portant, even though nət proved, and failure to act on this 
principle may contribute to a fatal outcome. I do not be- 
lieve there is as yet any “specific” treatment for the fat 
embolism syndrome. O? the many agents proposed, hepa- 
rin, steroids, ethenol, and dextran are propably the most 
frequently used. The value of each is supported by con- 
flicting experimental data and by uncontrolled clinical tri- 
als. All are potertially harmful. Of all these compounds, 
steroids are probably the agents most likely to have a ben- 
eficia! effect because of the ability to suppress inflamma- 
tion in the lungs and perhaps temporarily improve oxy- 
genation. I would reserve their use for the progressively 
worsening patiert approaching requirements for contin- 
uous positive pressure ventilation with at least 80% 
oxygen. 


Question 7: What is the prognosis for recovery of your pa- 
tients with fat embolism? 


Dr. Evarts: The prognosis for recovery in patients with 
fat embolism is poor in patients with pulmonary insuffi- 
ciency and coma. The mortality is high in this type of pa- 
tient. Mild cases often zo undetected, and mortality is low 
in patients withoat severe pulmonary insufficiency and ce- 
rebral manifestazions. It has virtually been impossible to 
perform a controlled prospective study and determine true 
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mortality. 

Dr. COLLINS: I would expect the mortality from un- 
equivocal fat embolism requiring ventilatory assistance to 
be no more than 10% to 20%. 

Dr. Sevitt: Among patients in whom a clinical diag- 
nosis of fat embolism has been made, the overall prognosis 
is relatively good and the overall fatality is relatively low 


(of the order of 10%). Prognosis generally depends on the 


degree and duration of hypoxemia and depth of coma. As- 
sessment of the true death rate is somewhat uncertain, 
but probably lies somewhere between 10% and 20% among 
cases that produce significant clinical effects. 

Dr. PELTIER: In a group of 63 patients with fat embo- 
lism treated at the University of Kansas Medical Center 
between 1965 and 1970, our mortality was 14%. We should 
be able to improve on these figures even more. 


Question 8: What is the source of the embolic fat? How 
does it produce pulmonary insufficiency? 


Dr. SEvit: The fat originates at the site of trauma, es- 
pecially the injured marrow of fractured bones. Fat cells 
are ruptured and the freed globules gain access to the 
venous circulation via small ruptured marrow veins, prob- 
ably through a change in the differential pressure be- 
tween local marrow and intravascular pressures. The evi- 
dence for this view is impressive. Another view asserts 
that plasma fat is the main source, the tiny lipomicrons 
fusing to form larger globules, perhaps under the stimulus 
of intravascular aggregation of platelets after trauma. 
There is little to support this hypothesis in fracture 
patients. 

Previously I postulated that the respiratory effects may 
be due to the cerebral fat embolism that is nearly always 
present in those with clinical symptoms and signs. That 
opinion still has validity, but probably not in the sense 
that fat emboli in the brain are directly responsible. The 
multiple small foci of intra-alveolar hemorrhage and 
edema commonly associated with fat emboli in the lung 
may be responsible for the frequent subclinical hypoxemia 
in patients with fractures, but do not seem sufficiently 
extensive in most cases to explain clinical hypoxemia. Hy- 
poxemia then requires another explanation. Under condi- 
tions of downstream pulmonary blockage by many emboli 
and in the face of continuing embolism, the interrelations 
between pulmonary hypertension, arteriolar constriction 
in the lung bed, and hypoxia may precipitate lung shunt- 
ing and thereby promote the onset of a vicious circle that 
favors both systemic embolism and hypoxemia through 
venous-arterial mixture. Much remains to be explained 
about the passage of emboli through the lungs, its mecha- 
nisms, course, and control. Suffice it to say that the open- 
ing of shunt-like anastomoses between the pulmonary and 
systemic bronchial circulations seems not unlikely in cer- 
tain cases; and that this is influenced by large numbers of 
lung emboli, limitations of the filtering capacity of the 
lungs, a phase of shock, a rise of pulmonary artery pres- 
sure, pulmonary vasoconstriction, hypoxia, and pre- 
existing pulmonary disease. It is important te note the ex- 
perimental evidence that the breathing of oxygen not 
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only reduces postembolic pulmonary artery pressure, 
hypoxemia, and mortality, but also the amount of emboli 
reaching the brain, kidneys, and other organs. This sug- 
gests that oxygen may break the vicious circle within the 
lung promoting hypoxemia and systemic passage of 
globules. It also points to the possible virtue of early oxy- 
gen administration in suitable subjects as a prophylactic 
measure in preventing the onset of clinical fat embolism. 

Dr. Evarts: In patients who have undergone skeletal 
trauma, especially multiple fractures, the source of em- 
bolic fat is most likely the traumatized fat-rich tissues, ie, 
the bone marrow. However, there is also much evidence 
that fat emboli can occur through other mechanisms in the 
absence of skeletal trauma from the blood lipid changes 
during stress in combination with the posttraumatic blood 
coagulation system changes. The pulmonary insufficiency 
associated with fat emboli is related to both the mechani- 
cal and chemical effects of the fat globules and their 
breakdown products. Initially, the agglomerated fat glob- 
ules obstruct small capillaries, in turn leading to reduction 
of intracapillary blood flow. Hydrolysis of the embolic neu- 
tral fat leads to the release of free fatty acids that ac- 
cumulate in the lung parenchyma producing toxic effects 
on the alveolar lining cells. The overall effect is to produce 
edema, hemorrhage, and atelectasis with its attendant 
pulmonary insufficiency. 

DR. CoLiins: This question cannot be answered simply 
or with certainty. Considering the published evidence and 
arguments for and against the various theories of the ori- 
gin of the embolic fat, I am most impressed by the old me- 
chanical (“classical”) theory of fat embolism—the fat is 
truly embolic depot fat arising from an area of injury asa 
direct result of the physical injury. The hemorrhagic pneu- 
monitis and structural changes in the lungs do not appear 
until one or more days after embolization with neutral fat. 
These late changes distinguish fat from a variety of other 
microembolic materials all of which produce the same 
early changes seen after fat injections. This pattern, 
taken with the abundant evidence for the very damaging 
effect of truly free (unbound) fatty acids on capillary 
structure and integrity, makes the theory of early me- 
chanical effects and a later chemical effect when the tri- 
glycerides are broken down a very attractive one. 


Question 9: Can fat embolism be prevented? 


Dr. Evarts: At the present time, fat embolism cannot 
be effectively prevented. Its effects can be lessened by a 
high index of suspicion, prompt recognition, and specific 
treatment consisting of early oxygen therapy, early ad- 


= ministration of heparin and low molecular weight dex- 


tran. 

DR. COLLINS: In a practical sense, fat embolism cannot 
be prevented, but I believe it can be minimized by early 
and careful immobilization of the injured sites. 

Dr. SEvitt: The liberation of fat globules into the 
venous circulation from fractured bone marrow can never 
be prevented, though the consensus of clinical opinion sug- 
gests that early splintage and prevention of movement of 
fractures reduce fat embolism. There is experimental evi- 
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dence that indicates that the severe hypoxemia and cere- 
bral effects may be preventable or at least ameliorated 
through the prophylactic use of oxygen therapy in frac- 
ture cases. 

Dr. PELTIER: Careful splinting, smooth transport, and 
gentle handling are very important, as is the prevention 
of shock. Hypovolemia due to hidden and unrecognized 
blood loss occurs frequently in patients with multiple frac- 
ture. Early and adequate replacement of blood and fluids 
is the single most effective method of preventing clinical 
fat embolism. 


Question 10: Are there good experimental models in ani- 
mals for the study of fat embolism? 


Dr. Evarts: The best experimental animal, man, is not 
available—no study of note has been conducted on ba- 
boons, which represent the best available animals for sim- 
ulating the human response while studying the fat embo- 
lism syndrome. 

Dr. CoLLINs: The lack of good experimental models is 
one prominent reason for the confusion and controversy 
in the field of fat embolism. One major problem arises 
from the fact that commonly used laboratory animals 
have predominantly “red” marrows, without much fat. 
The choice of species may have a marked effect on the 
variable being studied. Dogs are very resistant to the ef- 
fects of injected depot fat, while rabbits are quite sensi- 
tive. Given a completely free choice of models, I would 
prefer to study fat embolism by the injection of depot fat 
in a large primate. 

Dr. SEvirt: The quick answer is no. Better models are 
needed if rapid progress is to be made. These should in- 
clude not only animal models, but also appropriate in vitro 
models to simulate the lung circulation so as to study the 
passage of emboli through the lungs. 

DR. PELTIER: While no one has found an animal model 
that duplicates the picture of fat embolism in man in ev- 
ery respect, much has been learned from animal experi- 
ments. The histological picture of the cycle of changes 
occurring in the lungs in fat embolism can be nicely ob- 
served in rats following the intravenous injection of tri- 
olein. Changes in lung surfactant activity, pulmonary ` 
shunting, and changes in lung compliance can be studied 
nicely in cats and dogs. The only animals I believe un- 
suited to employ in experimental fat embolism are rab- 
bits. 

Anatomically, fat embolism is a condition in which fat 
appears in the circulating blood, not in the fine emulsion 
of a metabolic lipemia, but in droplets large enough to oc- 
clude capillaries and arterioles. Most of the fat droplets 
accumulate in the lung. Physiologically, fat embolism is a 
self-limited form of posttraumatic pulmonary insuffi- 
ciency occurring in association with skeletal and massive 
soft tissue injuries. It can be distinguished from other 
forms of posttraumatic pulmonary insufficiency by the 
classical petechial rash. Treatment is based on effective 
support of respiration with prevention of hypoxemia. 
Drug therapy is adjunctive, with corticosteroid hormones 
in massive doses as the drugs of choice. 
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Horizons in Tumor Immunology 


A Seminar 


Richard E. Wilson, MD, Eoston (Moderator); Prof Peter Alexander, Surrey, England; 
Steven A. Rosenberg, MD, Boston; Richard L. Simmons, MD, Minneapolis 


Dr. Wilson: Although we really have to thank the Gor- 
don Conference for attracting two of our three speakers 
to Boston this morning, we are pleased to have them un- 
der any circumstances because we are excited about this 
seminar. I have entitled the seminar “Horizons in Tumor 
Immunology” because I hope the speakers will be present- 
ing a synthesis o? new ideas rather than any large series 
of treated patients. 

Immunotherapy is nct really a new concept, but lately it 
has gained perspective and prominence. Contributing to 
this increase in interest has been the growing sophis- 
tication of investigations on many fronts and many disci- 
plines; evidence of our capability to perform immune ma- 
nipulation, particularly in the field of transplantation; 
and, finally, the realization that more aggressive surgery 
does not necessarily produce higher cure rates in cancer. 
Immunotherapy offers the chance to destroy the last re- 
maining tumor cell. Our approach here at the Peter Bent 
Brigham Hospita_ has been centered on developing meth- 
ods of utilizing immunclogic therapy as an adjunct to pri- 
mary treatment cf a malignant neoplasm. In essence, our 
game plan is to remove the major amount of the primary 
tumor and then utilize immunologic attack to control the 
remainder of tumor cells wherever they may be; it is a sys- 
temic type of approach. 

The presentations this morning will provide us with 
some exciting new information about the ways in which 
immunologic techniques may be applied to alter tumor 
growth and hopefully, some explanations for successful 
results in animal mode's. - 

Our three speakers are Professor Peter Alexander from 
the Chester Beatty Research Institute, Royal Cancer Hos- 
pital, Surrey, England, who will speak on the “Presence of 
Tumor-Specific Transplant Antigens in Blood of Patients 
and Experimenta. Animals: Their Role in Immune Ther- 
apy”; Richard L. Simmons, MD, professor of surgery at 
the University of Minnesota Medical School, Minneapolis, 
who will discuss ‘Immunctherapy of Solid Experimental 
Tumors Using Altered Tumor Cells”; and, finally, Steven 
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A. Rosenberg, MD, clinical fellow in surgery at Harvard 
Medical Sehool and senior resident surgeon at the Peter 
Bent Brigham Hospital, who will speak on, “Natural Anti- 
bodies to Unmasked Tumor Antigens: Their Potential 
Value for Immune Therapy.” 


PROF ALEXANDER: As will become apparent from my 
talk, much of the work that we have been doing in immu- 
notherapy using active immunization with tumor cells 
closely parallels that being done here. However, before 
discussing this topic, I need to introduce the subject of the 
release of antigens from tumors. The idea that macro- 
molecules closely associated with the surface of cells, such 
as transplantation antigens, may be released and appear 
in a soluble form in the tissue fluids of the host became ap- 
parent in 1969 when the carcinoembryonic antigen associ- 
ated with the outside of tumor cells was found and mea- 
sured in the plasma. In 1971, data became available that 
normal transplantation antigens in man were in the se- 
rum as a normal serum constituent. With those two find- 
ings, it was logical to think that some of the tumor-spe- 
cific transplantation type antigens may also appear in the 
serum. Data confirming this were obtained in our labora- 
tories by two men: in rats by David Thomson, who was a 
visiting worker with us for two years; and in man by G. A. 
Currie. Briefly, these are the findings of those two re- 
searchers. 

In tumor-bearing rats, the possibility that there were 
tumor-specific antigens in the circulation came from 
studying the well-established findings, first in animals 
and now also repeatedly found in man, that when there is 


a lot of tumor present, one cannot find circulating anti- — 


bodies to the tumor antigen, but that after surgical re- 


moval of the tumor, antibodies can be detected. The most — 


obvious explanation is that the circulating antibody is ab- 


sorbed out by the growing tumor but, for a number of rea- 


sons, this did not seem to be adequate to explain this find- 
ing. Two decisive experiments showed that this simple 
theory of absorption of the antibody by the tumor was 
inadequate. 3 | 
The first was a surgical approach to measure the level of 
antibody in the thoracic duct lymph of rats with tumors 


growing in their legs. Antibodies made in the nodes drain- » 


ing the tumor are discharged directly into the thoracic 
duct lymph without any possibility for them to be ab- 
sorbed. If the absorption theory was valid, then one should 


find antibody in the lymph of tumor-bearing animals, but 
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Fig 1.—Effect of increasing number of washes on cytotoxicity of 
lymphocytes from patient with extensive malignant melanoma 
tested on his autologous tumor cells (Me 312). Cytotoxic effect in- 
creases with washing, and this increase is abolished by addition of 
autologous serum. 


no lymph in the serum. However, Thomson found that 
there was no antibody in the lymph, but that after exci- 
sion of the leg tumor, the antibody in the thoracic duct 
lymph rose quickly. This showed that there must be a 
mechanism, other than absorption by the tumor, that was 
responsible for the absence of antibody. The hypothesis 
was then tested that the tumor releases antigen and that 
this neutralizes the antibody in lymph and blood. 

That this was the case was shown by using post- 
amputation serum with a high antibody titer with tumor- 
bearing serum and showing that in this way the antibody 
activity in the postamputation serum was neutralized. 
Quite recently, Thomson purified these tumor antigens by 
the simple but rather ingenious trick of affinity chroma- 
tography on the specific tumor antibody and then eluted it 
off and developed a radioimmunoassay. When he injects 2 
million tumor cells into a normal rat, antigen levels in the 
blood quickly rise. This is due to the destruction of the ma- 


jority of the injected tumor cells; two days later the anti- 


gen levels in the blood fall because the initially released 
antigen is cleared. As the tumor grows, the antigen levels 
build up and at three weeks we have a large tumor with 
high serum antigen levels. After excision of the tumor, 
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Fig 2.—Antibody assayed by percentage inhibition in RNA syn- 
thesis following addition of patient’s serum plus human comple- 
ment to his own melanoma cells after immunization with autolo- 
gous radiated tumor cells on ten separate occasions in different 
doses. 


Biopsy Cells + BCG 
100 
Me 331 
Cc 
2 
= 
E 50 
= 
0 
8 -6 4 2 0 4 6 10542 * 44 
Days 


Fig 3.—Serial assays of serum inhibitory activity in patient with 
disseminated malignant melanoma before and after single immuni- 
zation with tumor cells and BCG. Assay was performed on sera ob- 
tained on days —8, —4, O, 7, and 14. Inhibitory activity was rela- 
tively constant during and after surgery and before immunization. 
After immunization, it decreased to O at day 7, but reappeared by 
day 14. 


the antigen levels fall quickly. 

Let me quickly run through some of the properties of 
these soluble tumor antigens. Their size is still causing us 
some problems because they seem to aggregate, but there 
is a lot of evidence building up today that they are proba- 
bly the subunits of a molecular weight that may be as low 
as 30,000. This makes looking for them in the urine a very 
sensible proposition and one that we are following. Bio- 
logically, they are interesting. They are capable of inhib- 
iting, in a specific manner, the cytotoxicity of immune 
lymphoid cells and macrophages and they are nonimmu- 
nogenic. Even after injecting large amounts of these sol- 
uble tumor antigens, we have not been able to evoke a de- 
tectable host reaction in normal animals. They are clearly 
a group of substances that ought to facilitate escape of tu- 
mors because they neutralize the effector arm of the im- 
mune response and are themselves certainly ineffective in 
initiating a systemic immune response. 

The mechanism of their release from the cell seems to 
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be multiple. They are released during the breakdown of 
tumor cells, end they also appear during immune destruc- 
tion. With some tumors, we do not see levels of circulating 
antigen unless the host is immunologically reactive. How- 
ever other tumors can shed their tumor-specific antigens 
spontaneously. 

So it looks as if we can divide tumors into two cate- 
gories: those tha: will lose their antigens only after cell 
destraction and those that shed them spontaneously. That 
has been quite recently confirmed in our laboratory using 
tissue culture. One can demonstrate that some tumor cells 
grow ng in tissue culture, under conditions where there is 
no cel death, release antigen spontaneously and others do 
not. It correlates roughly with what one finds in vivo. The 
twe tumors we have studied that release antigen sponta- 
neously in culture metastasize very regularly in vivo, and 
the two tumors that we have studied that only release an- 
tigen if there is antibody in the culture medium do not 
metastasize. 

Let me turn to the human data and the work done by G. 
A. Currie. This also started from a paradox. Currie was 
studying the presence of cytotoxic mononuclear cells in 
the blood of patients with cancer, using ordinary micro- 
cytotoxicity tests. His results were very different from 
those published at that time by the Hellstréms who found 
that all patients with carcinoma, whether with early or 
advanced disease, had lymphocytes (we like to think of 
them now as mononuclear cells) in the blood that were 
specifically cytotoxic to that class of tumor. Currie was 
unable to confirm this He found cytotoxic lymphocytes 
only im patients with early disease, particularly in the case 
of mdanoma, which he studied in detail. But the same also 
applied to bladder cancer; it was only the case when there 
was local disease When there was disseminated disease, 
he never found cytotoxic lymphocytes. This was puzzling 
discrepancy. 

When we discussed this discrepancy with Dr. Coggen 
from Oak Ridge, Tenr, and Knoxville, Tenn, he told us 
that he had made a rather similar observation with poly- 
oma tumors in hamsters. He was unable to detect cytotox- 
ic lymphocytes in animals with a large tumor until he had 
washed the lymphocytes six times; then they became cy- 
totex-c. With the clue provided by Coggen, Currie washed 
lymphocytes and a ‘typical result of his is shown in Fig 1 
for a patient with advanced melanoma. The lymphocyte 
eytotexicity found in normal preparation was 20%, which 
in-our hands is not considered significant. After the blood- 
borne mononuclear cells had been washed six times, they 
became highly cytotoxic. With this finding, the dis- 
crepancy between Currie and the Hellstroms was resolved, 
because after washing Currie finds cytotoxic lymphocytes 
in the serum of all patients with cancer, be it early or ad- 
vanced. Moreover, in the serum of patients with advanced 
disease whose lymphocytes are only cytotoxic when they 
are washed, he finds that the serum of the patient con- 
tains a factor that binds to the lymphocytes, but not to the 
targe: site. “Inhibits the lymphocytes” is a better expres- 
sion than blocking, because I think the word “blocking” 
ought to be left for substances that coat the target cells. 
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The fact that the serum factor binds to the lymphocytes 
suggests that it is soluble antigen. Since this observation 
was made about a year ago, Currie has studied a large 
number of patients and the pattern has held up in mela- 
noma, bladder carcinoma, hypernephroma, and some sar- 
comas. In every case, patients with advanced disease have 
cytotoxic lymphocytes when well washed, and their serum 
contains a factor that inhibits the activity of these lym- 
phocytes. Experiments on the physical-chemical proper- 
ties of the factor showed that in some sera, activity was 
detected in the region of molecular weights of more than 
100,000, whereas in most patients, inhibiting activity was 
associated with molecules of molecular weight between 
20,000 and 50,000. We presume that this is seluble tumor- 
specific antigen. 

The correlation with antibody becomes immediately in- 
teresting. In an earlier study, we found, again with mela- 
noma patients, the presence of antibodies directed to the 
tumor was very common in patients with localized disease 
and very rare in patients with disseminated disease. Now, 
in view of Thomson’s work, one would like to interpret 
this as follows: in the patients with disseminated disease, 
one finds inhibitor in their serum, but cannot find anti- 
body. In the patients with localized disease, you have anti- 
body excess; in the patients with disseminated disease, 
there is antigen excess. The situation is really quite 
simple and logical and one does not have to invoke too 
many complex hypotheses. 

Clinical findings in a large series of patients in our labo- 
ratory showed that patients could be divided into cate- 
gories A and B. Category A patients are always early dis- 
ease patients, have blood lymphocytes that are cytotoxic 
before washing and no inhibitor in their serum, and have 
antibody. Category B patients have cytotoxic lymphocytes 
that only become active when they are washed, have in- 
hibitor in their serum, and have no antibody. 

How does all this relate to immunotherapy? The only 
type of immunotherapy I will talk about is giving killed 
tumor cells. Over the last ten years, evidence has been ac- 
cumulating that giving killed tumor cells at sites distant 
from the tumor to stimulate distant lymphoid tissue in an- 
imal systems can, in carefully manipulated situations, pro- 
duce a therapeutic effect. In man, we studied this situation 
and found that when one took patients with advanced dis- 
ease who did not have antibodies and autoimmunized 
them with killed tumor cells at multiple sites, they devel- 
oped autoantibodies for a very short period. Figure 2 is a 
striking example, a man with very advanced melanoma 
who had no autoantibodies. He was given a large injection 
of his own radiated tumor cells. Autoantibodies came up, 
but two weeks later they were right down again. He got 
another shot of cells shown by the arrows, up they came 
and down they went and so on for ten treatments. The 
general pattern in patients with advanced disease in 
whom one cannot detect antibody activity is that if they 
are given large doses of their own tumor cells killed by in 
vitro radiation with x-rays, they produce a short spurt of 
antibody that then disappears again, but this can be re- 
peated. 3 
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Similarly, Currie had found in the days when he was 
still very concerned about the discrepancy with the Hell- 
ströms, that if he took patients in whom he could not de- 
tect cytotoxic lymphocytes (now we know that these were 
unwashed lymphocytes) and autoimmunized them, the cy- 
totoxic lymphocytes came up. Immediately, one thought 
about the inhibitor story, and asked what does auto- 
immunization do to the inhibitor, ie, the circulating anti- 
gen? Figure 3 shows what happens in a typical melanoma 
patient, who had a high level of inhibitor in his serum as 
measured by the capacity to inhibit the cytotoxic action of 
well-washed, tumor-bearing lymphocytes. After auto- 
immunization occurred, the inhibitor level fell but very 
quickly rose again—the mirror image to the antibody situ- 
ation. Antibody in this patient would have been quite low; 
it would have risen after autoimmunization for a few days 
and then fallen again. If one gives repeated immuniza- 
tion, the inhibitor level can be kept low for long periods. 

In summary, patients with advanced disease have cy- 
totoxic lymphocytes only after washing, no circulating an- 
tibodies, and plenty of inhibitor in the serum. After auto- 
immunization, the situation reverses; lymphocytes become 
cytotoxic even before washing, circulating antibody ap- 
pears, and the inhibitor disappears. 

What does this tell us about autoimmunization being 
beneficial? In experimental animal situations, Haddow 
found ten years ago that autoimmunization was of immu- 
notherapeutic usefulness. One possible reason why auto- 
immunization might be useful, is, of course, that one may 
temporarily clear inhibitor levels. I am not quite sure of 
the importance of inhibitor in the serum. The general 
finding is that melanoma patients with early disease, or 
those patients who have just undergone surgery, do not 
have inhibitor in their serum, and yet we know that many 
of them are going to die of disseminated disease. There- 
fore the presence of cytotoxic lymphocytes and no known 
interfering factor in the serum is not sufficient to guaran- 
tee destruction of distant tumor cells. I therefore think 
any thought of plasmapheresing these patients to remove 
circulating antigen from the serum is premature. I would 
like to think that circulating antigen may be important lo- 
cally. In the serum it seems to be just an indicator of over- 
whelming disease. But in extracellular fluid, perhaps it 
plays a role as an escape mechanism. 

Finally, I would like to refer to the possible hazards of 
autoimmunization. In the animal systems originally stud- 
ied by us, we concluded that there was no hazard because 
we had seen only benefit. And then came the work from 
the Peter Bent Brigham Hospital on autoimmunization 
given under much more meaningful clinical situations 
_ than we had studied in our own laboratory. (We had inves- 
tigated the effect of autoimmunization on the growth 
- of local tumors, which in general could be cured surgi- 
cally). The group of Dr. Wilson at Peter Bent Brigham 
Hospital tested what autoimmunization did to metastatic 
spread. They showed that the cell dose was critical and 
that autoimmunization could be a two-edged sword. About 
the same time as the detailed studies were coming out 
from Peter Bent Brigham Hospital, we found this also in 
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our laboratory. Drs. Proctor and Rubensham implanted 
tumors in the leg of rats, then immunized, excised the pri- 
mary, and looked for lung metastases. In an initial experi- 
ment, two out of five of the tumors metastasized sponta- 
neously; however, if the rats were given large doses of 
radiated tumor cells, all five metastasized. These results I 
foolishly dismissed, but when the data from here ap- 
peared, we repeated these studies and got similar results. 
As a working hypothesis, one may assume that auto- 
immunization causes two effects: (1) It will stimulate dis- 
tant lymphoid tissue and raise the level of both cell-me- 
diated factors and of antibodies. (2) It will also raise 
circulating antigen levels, due to the autolysis of some of 
the injected tumor cells. We can now envisage two situ- 
ations. When there is a substantial amount of tumor in 
the animals, then increasing the load of circulating anti- 
gen is not going to be important and autoimmunization is 
going to be either beneficial or have no effect on the tu- 
mor. However, in the clinical meaningful situation (os- 
teogenic sarcoma springs to mind) where only little tumor 
is left after the operation, then raising circulating anti- 
gen levels could do harm. 

While I still think therapy with radiated tumor cells 
ought to be tested, any such trials must be accompanied 
by proper measurements on the patient’s immune re- 
sponse, and in particular one must watch the level of in- 
hibitor. | 


Summary 


Soluble macromolecules carrying the antigenic deter- 
minants of transplantation-type tumor-specific antigens 
(TSTAs) of chemically-induced sarcomas have been dem- 
onstrated in the serum of cancer patients and in tumor- 
bearing rats. The mechanisms by which the TSTAs are re- 
leased into the circulation are complex and, for some 
tumors, occur only when there is an active immune re- 
sponse; the relative rate of their release may be a factor in 
determining the malignancy of the tumor. The soluble 
TSTAs do not appear to be immunogenic but have been 
shown to inhibit some of the effector arms of the immune 
response. 

In patients with advanced cancer, serum factors have 
been found that combine specifically with circulating 
mononuclear cells directed against the tumor. This serum 
inhibitory factor, which is not a “blocking antibody,” has 
the properties to be expected of a soluble TSTA. In early 
disease the patient is in antibody excess and no such in- 
hibitors are found in serum. 

Autoimmunization with radiated tumor cells has been 
found in animals either to retard or to facilitate tumor 
growth, depending on conditions. The harmful effect when 
there is little residual tumor may be due to raising the 
level of circulating TSTAs, whereas the therapeutic effect 
may be due to the stimulation of antibody formation that 
causes clearance of circulating TSTAs. In patients with 


advanced disease, autoimmunization with radiated tumor 


cells leads simultaneously to the appearance in the blood 
of antibody and the disappearance of the factor that in- 
hibits cytotoxic lymphocytes. Unfortunately, this change- 
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Fig 4.—Regression of MC-42 tumor after challenge with neur- 
aminidase-treated tumor celts. Top left, mean (+SE) tumor size af- 
terinociuation of 20,000 MC-42 tumor cells into mice challenged 10 
to 20. days later with 10° tumor cells treated with inactivated VCN. In 


over is only temporary aad the patients quickly revert to a 
state of “antigen excess.” 


Dr. Wilson: You can see that we are getting into some 
very fascinating new information. I am stimulated by this 
new overview of the in errelationship between antigen, 
antibody, and tumor growth. I am sure that Dr. Simmons 
will provide us with an 2qually stimulating and exciting 
view of management of tumor growth. 


Pr. Simmons: In the late 1960s, Currie and Bagshawe 
demonstrated that certam allogeneic tumors treated with 
Vibrio cholerae neuraminaidase (VCN) would fail to grow 
in normally susceptible recipients. Later they showed that 
aven syngeneic methylcholanthrene fibrosarcomas treated 
in vitro with VCN elso fa led to grow or regressed soon af- 
ter transplantation. If -hese animals were later chal- 
lenged with living untreated tumor cells, these tumors 
failed to grow. In other words, Currie was better able to 
immunize animals with VCN-treated tumor cells than 
with normal tumor cells. He presumed that he had “un- 
masked” the tumor-speccfic transplantation antigens on 
the cell surface. We repeated these experiments with 
nearly identical results. Moreover, we have studied ani- 
mals that already have firmly established growing tumors. 
By challenging such anmals with VCN-treated tumor 
eells of the same type, even the firmly established tumors 
will sometimes disappear 

The experimental design is very simple. We inject liv- 
ing tumor cells subcutaneously into the left flank of a 
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contrast are individual growth rates of tumors in mice challenged 
with 10° cells treated with VCN. Recipients of VCN-treated chal- 


lenges showed cessation of tumor growth in all animals; 33% of 
firmly established tumors totally regressed. 


syngeneic mouse on day 0. After the tumor has grown, we 
inject VCN-treated tumor cells (with and without bacillus 
Calmette-Guérin [BCG] or other treatments) into the 
right flank. Only the growth of the initial tumor is mea- 
sured because the VCN-treated tumor cells have usually 
been treated with mitomycin to prevent their growth. 

A C3H mouse injected with methlycholanthrene (MC- 
42) fibrosarcoma on day 0 will die in approximately 40 to 
50 days (Fig 4, top left). If the mouse with the tumor 
growing on the left flank is challenged with more tumor 
cells exposed in vitro to heat-inactivated VCN, there is no 
effect on the growth of the initial inoculum (Fig 4, top 
left). However, if the VCN is active and the mouse is chal- 
lenged on day 10 (Fig 4, top right) (when the tumors are 
about 2 to 4 cm in diameter), or on day 15 (Fig 4, bottom 
left) (6 to 8 em) or on day 20 (Fig 4, bottom right) (8 to 12 
cm), the growth pattern of the initial tumor is altered. Our 
results have received some notoriety because some tumors 
totally regress. But, it is difficult to make firmly estab- 
lished tumors go away even by giving them more tumor 
cells exposed to VCN. The basic change is not that the tu- 
mors melt in the face of immunotherapy, but that they 
stop growing. I repeat, the most characteristic change is 
the leveling off of the rate of tumor growth. 

Later, when the cured mice are challenged with 10° MC- 
42 tumor cells, these animals are immune; they will die if 
challenged with cells of a different type. Thus, they are 
not only cured, but they are immunized to the tumor that 
they bore. 

The larger tumors (8 to 12 em) will not go away, how- 
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Fig 5.—Regression of MC-43 tumor after challenge with neur- 
aminidase-treated tumor cells or concanavalin A-treated tumor 


ever. The addition of BCG to the VCN-treated tumor vac- 
cine will cause them to regress more frequently and 
rapidly. In addition to making methylcholanthrene fibro- 
Sarcomas regress in C3H mice, VCN-treated tumor cells 
also work in B-16 melanomas in C57BL/6 mice, in C1300 
neuroblastoma in A/Jax mice, and in most mammary tu- 
mors in C3H mice. | 

The tumor model is useful in exploring combination ther- 
apies. For example, a partially excised large tumor that 
has been given VCN-treated tumor cells will kill in the 
Same amount of time as an enucleated tumor left with a 
rim of tumor tissue. Not very much happens with immuno- 
therapy if the tumor mass is still substantial. However, if 
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cells. Note concentration-dependent effect of conA on tumor cells 
(top). 


the tumor is excised so that only microscopic tumor re- 
mains, immunotherapy will prevent the recurrence of al- 
most all tumors. Recurrence of control tumors similarly 
excised occurred in almost all of our animals treated with 
inactivated VCN-treated tumor cells. Therefore, near-to- 
tal reduction in tumor mass plus specific immunotherapy 
with VCN-treated cells can be combined for more com- 
plete control. ; 

Tumor regression is a totally immunospecific effect. We 
challenged an animal that had an MC-42 tumor on the left 
side and MC-43 (histologically identical methylcholan- 
threne-induced) tumor on the right side with a VCN- 
treated MC-43 tumor at a third site. The MC-42 tumor 
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grew and killed the animal, but the MC-43 tumor totally 
regressed. Also, when we challenged similar animals bear- 
ing double tumors with VCN-treated MC-42 tumor, the 
MC-42 tumor went away but the MC-43 tumor went on to 
kill. Thus, specifically active immunotherapy can be ac- 
comp ishec even in an animal who is dying of an immuno- 
distinct tumor. 

To determine if these results could have been caused by 
contaminants in the VCN preparation, we treated the 
cells with VCN in the presence of excess sialic acid; the tu- 
mors grew very well. When we removed the sialic acid, 
however, the VCN seemed to work. Also, if you mix VCN 
with neuraminlactose, a competitive inhibitor with sialic 
acid en the cell surfaces, the effect of the VCN is abro- 
gated and the tumors grow very well. When VCN is used 
alone the growth of the tumor is inhibited. 

There is nothing magical about VCN; the cells do not 
have to be VCN-treated. What is important about this 
system is that the tumors must be slow growing, and if hit 
early enough with the right stimulus they will go away. 
What is tke right stimulus? This experiment shows what 
you can do with concanavalin A (conA) bound to the tumor 
cell surface (Fig 5). We challenged tumor-bearing animals 
with zumo” cells that had been incubated with 50ug/ml of 
conA. The tumers went away about as often as they did 
with ¥CN-treated tumor eells. The effect depends on dose 
because 100 or 500u of conA do not work, but 25u or 50u 
work very well. Radiation of the tumor cells with 5,000 
and 10,000 roentgens will also increase the immuno- 
genic_ty of the tumor cells, whereas higher or lower doses 
seem to have very little effect in our system. Therefore, 
the effect is quite nonspecific but depends on the immune 
status of tae meuse, as well as his perception of the tumor 
inocuum as being somewhat different than his own tu- 
mor. 

Immunotherapy with VCN will also work for spontane- 
ous tumors. We obtained a large number of C3H retired 
breeding females with a high incidence of spontaneous 
mammary tumers. We observed them twice weekly until 
the mammary tumors appeared and then placed the mice 
in coced cages, giving them pre-set treatments. When we 
injected a tissue culture medium every fourth day, the tu- 
mors grew and half the animals were dead 60 days later 
(Table 1). Heat-inactivated VCN had no therapeutic ef- 
fect. Heat-inactivated VCN plus BCG, or VCN, or BCG 
alone seemed to inhibit the spontaneous tumor when in- 
jectec every fourth day. But VCN plus BCG injected into 
the tumor itself prevented the growth of these tumors in 
every single case, and a number of tumors totally dis- 
appeered under this treatment. 

Cured mice, however, will eventually develop a second 
histolgically identical adenocarcinoma at other mam- 
mary glands. This is a well-known phenomenon. Similarly, 
if the mouse is cured by so-called immunotherapy, there 
will be a high incidence of secondary tumors in other 
mammary glands not adjacent to the inactive tumor. Sec- 
ondary tumors develop 27 to 83 days after the start of 
treatment. 

If this were truly immunotherapy, we should be able to 
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cure not only the tumors that we are injecting, but all the 
other tumors in the animal since all mammary tumors are 
due to a mammary tumor virus (MTV). Each mouse pos- 
sesses on its cell surface the same MTV-associated anti- 
gen. Since new mammary tumors appeared in cured mice, 
we certainly are not immunizing the animal against 
MTV-associated antigen. If we are inducing immunity at 
all, we seem to be inducing immunity only to a second tu- 
mor antigen on the cell surface, an antigen similar or 
analogous to the tumor antigen of carcinogen-induced tu- 
mors. This antigen must be specific for each tumor, and is 
found also on these mammary tumors. There is consid- 
erable evidence that these weak “private” antigens exist, 
and we devised the following experiment to test this hy- 
pothesis. 

We took two mammary tumors (M1 and M2) that both 
arose spontaneously in C3H retired breeding mice, and 
transplanted them for several generations. We showed 
that if either type was injected into a syngeneic, but vi- 
ral-free strain of mice (C3HeB/FeJ mouse), it would 
cross-immunize. M1 would immunize to M2 if the animal 
did not have the virus, therefore, proving that they pos- 
sessed common MTV-associated antigens. We planned to 
inject M1 and M2 into the viral-infested C3E/HeJ mouse 
and the viral-free C3HeB/FeJ mouse, and treat them with 
VCN-treated M1 or M2. If M1 could cure M2 in either sys- 
tem, then we have shown that we can increase the immu- 
nogenicity of the MTV-associated antigen. If, however, 
M1 cannot cure M2 under any circumstances, and can only 
cure M1, then it will be possible to immunize only with the 
“private,” weak, tumor-specific antigen. 

Therefore, we injected C3H/HeJ mice with M1 tumor 
on the left, and M2 tumor on the right. These animals 
were challenged with VCN-treated M1 cells and the M1 
tumors regressed and the M2 tumor killed the animals. 
This showed us that it is possible to cause tumor regres- 
sion by immunization to the “private” specific antigen on 
the M1 tumor. 

If such double-tumor bearing mice are injected with 
VCN-treated M2, the M1 tumor grows and kills, but the 
M2 goes away. There is no cross-immunization possible 
using the private antigen in the viral-containing mouse. 

In the viral-free mouse we might expect that, if VCN 
has broad applicability, we could increase the immuno- 
genicity of the MTV antigen in such a way that M1 could 
cure M2, and M2 cure M1. Unfortunately, VCN-treated 
M1 cells caused M1 tumors to regress, and VCN-treated 
M2 tumors caused M2 to regress, even in the viral-free 
mouse. 

There is a specific capacity of VCN to increase immuno- 
genicity of tumor cells. It obviously does not work in the 
ease of mammary-tumor, virus-associated antigen, but it 
does work for a weak, almost imperceptible private anti- 
gen on the tumor cells. Thus, even in the same tumor cell 
you can immunize to one set of antigens, but you cannot 
immunize to the other. 


Summary 
Tumor cells treated with VCN will effect the growth 
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Table 1.—Survival and Development of Second Mammary 
Tumors in C3H/HeJ Mice With Primary Mammary 
Adenocarcinomas Treated With Intratumor 
Injections of BCG or Neuraminidase 










Second Mammary 













Treatment Survival 
m Mean Day Day of 
of Death Secondary 
Group No. of + SE Tumors Tumor 
No. Injection Animals [Days] No. Appearance 
1 M199 11 66.5 + 3.6 0 
2 IVCN 11 60.8 + 5.7 0 site 
3 VCN 10 88.4 + 5.4* 4 28,35,47,51 
4 BCG 10 79.5 = 6.7* 1t 32 
5 IVCN+BCG 10 83:1 =11.9*. 27 24,118 
6 VCN+BCG 13 107.0 13.5} 9t 27,28,50,50, 






52,54,57,62, 
83 






* PS.05 when compared to groups 1 or 2. 
+ PS.05 when compared to groups 3,4, or 5; P=.01 when com- 


pared to groups 1 or 2. 
t One developed third or fourth tumors. 





Table 2.—Cytotoxicity of Normal Human Serum 
to Human Lymphocytes 










% Lysis of 
Neuraminidase- 
Neur- Treated 
aminidase Lymphocytes 
Untreated Treated (Neuramindase 























Comple- Lympho- Lympho- inactivated at 
Serum ment cytes cytes 65C for 30 min) 
Normal Yes 14 69 16 
Normal No 13 13 16 
None No 9 13 14 
None Yes 7 13 16 
56 C—30 min Yes 11 66 Not done 
80 C—30 min Yes 9 12 Not done 
Normal Yes* 11 17 Not done 





* Complement heat-inactivated 56 C for 30 min. 


rate of methylcholanthrene-induced and spontaneous tu- 
mors in mice. Cessation of growth, rather than complete 
regression of tumor, is the rule. The effect is not limited to 
MCA sarcomas in C3H mice; it has been shown to work 
with various tumors in other inbred strains. Immuno- 
therapy, in this animal model, works most effectively 
when there is minimal tumor remaining after excision. 
This regression of tumor growth is definitely immuno- 
specific. Two tumors growing in the same mouse will be- 
have differently; VCN tumor cell inoculum will cause the 
specific tumor to regress while the other tumor, not used 
for this VCN inoculum, will continue to grow and kill the 
animal. Studies with spontaneous mammary tumors in 
C3H mice indicate that the primary effect of VCN-treated 
tumor cells in this system was against the weal “private” 
antigen, not the common, stronger mammary tumor virus 
associated antigen present in all such mammary tumors in 
this strain. 
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Table 3.—Natural Cytotoxic Antibody Against 
Neuraminidase-Treated Lymphocytes 











No. of 












No. of No. of Positive & 
No. of Positive Negative Negative 
People Reactions* Reactions Reactions 
Normal adults 42 36 4 2 
Normal children 
(<10 yr) 16 16 0 0 
Metastatic cancer 9 8 1 (0) 
Leukemia 11 9 } 2 1 
HL-A alloantiserat 60 54 4 2 
Hypogammaglob- 





10 


* Positive reactions are those resulting in greater than 15% lysis 
over complement controls. Lysis between 10% and 15% above that 
of complement controls are rated as positive and negative. All sera 
in this table were tested at 1:12 final dilution. 

t These sera are anti-HL-A alloantisera used for histocompatibility 
typing and obtained from serum bank maintained by Transplantation 
and Immunology Branch, National Institute of Allergy and Infectious 
Diseases, and from our own laboratory. 


ulinemia 











Table 4.—Cytotoxic Action of Normal Mouse Sera 
on Neuraminidase-Treated Cells 







% Lysis 





No. of 
Experiments 





Mouse Strain 







CBA/J 
AKR/J 








Balb/cJ 
DBA/2J 3 
C57B1/6J 


19.7 6.2 






Dr. Witson: Finally, we shall ask Dr. Steven Rosenberg 
to present his thoughts about a very special type of con- 
cept that he has been developing concerning a naturally 
occurring antibody in animals and humans, which may 
play a very important role in both of the presentations 
this morning. 


Dr. ROSENBERG: As we experiment with new immune 
therapies for malignant disease, it is extremely important 
that we understand their mechanism of action so that 
they can be rationally improved if they show an effect, 
and so that the complications and hazards inherent in any 
new immunotherapy may be avoided. 

Our recent studies have dealt with attempts to probe 
the mechanism of action whereby neuraminidase treat- 
ment increases the immunogenicity of tumor cells. These 
experiments were started at the National Cancer Insti- 
tute with Dr. Nicholas Rogentine and conducted more re- 
cently here with Susan Schwartz and Dr. Alan Baker. 

In considering the mechanism of action of neuramini- 
dase-induced increase in cell immunogenicity, let me 
spend a few moments introducing the cast of characters. 
Neuraminic acid is a nine-carbon sugar backbone that can 
be substituted at its amino group. Virtually all substituted 
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Dilution of C3H/HeJ Serum 
Fig &—Cytotoxic effect cf C3H/HeJ serum on neuraminidase- 
treated and untreated C57B_/6J cells (top) and C3H/HeJ (bottom). 
Lysis percent is calcu'ated using complement-alone control lysis as 


0%. In all experiments, complement-alone “Cr release was 20% to 
30% of freeze-thaw tubes. 


neuraminic acids in mammals are either the N-acetyl, N- 
diacetyl, or N-glycolyl neuraminic acids. These three sub- 
stituted neuraminic acids are collectively called sialic acid. 
Sialic ecids in proteins in mammals are found exclusively 
as the <erminal sugar of a carbohydrate chain attached to 
a polypeptide chain. Neuraminidase cleaves this terminal 
sialic acid from the caroohydrate chain leaving the pe- 
nultimate sugar exposed. Sialic acid contributes the major 
bulk of the negative charge on the cell surface and, by 
cleaving it, neuraminidase effectively reduces the surface 
charge vf the cell membrane and therefore can greatly af- 
fect the cell’s interactions with other molecules and cells. 
About 70% of the total cell sialic acid is released by neur- 
aminidase treatment under physiologic conditions. Most 
ef our previous studies have dealt with the membrane 
chemistry of sialic acid, using it as a tag or marker for 
membrane glycoproteins. Using synchronized cell cul- 
tures, we have been able to show that sialic acid is at- 
tached to the membrane specifically in the latter phases of 
the G-2 phase of the cell cycle, and not at other points dur- 
ing the 2ell cycle. Following cleavage with neuraminidase, 
sialic ac d is completely replaced on the cell surface within 
six to eèght hours. 

As Dr. Simmons has reviewed, interest in neuramini- 
dase and immunotherapy dates back to about 1967. Bar- 
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Fig 7.—Cytotoxic effect of C3H/HeJ serum on neuraminidase- 
treated C3H/HeJ cells. Absorption with neuraminidase-treated 
C3H/HeJ and C57B1/6J cells reduced cytotoxic activity identically. 
Absorption with untreated cells had no effect on serum cytotoxicity. 


bara Sanford was the first to show that neuraminidase 
treatment of a highly malignant acites tumor, TA3, re- 
sulted in its inability to grow in C3H mice. Untreated cells 
would grow in a virulent fashion in C3H mice. These ex- 
periments were extended by Currie and Bagshawe, who 
showed that this was an immunologic event. Dr. Simmons 
has further shown that not only will neuraminidase treat- 
ment prevent a tumor cell from growing, but it is also able 
to cause the regression of some tumors that are already 
established and growing. 

We began our experiments by attempting to ask a very 
simple question, a naive one in retrospect: “In humans, 
would neuraminidase treatment, by cleaving sialic acid 
from the cell surface, expose new histocompatibility anti- 
gens on lymphocytes?” 
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The experiment was conceptually quite a simple one. 
Human lymphocytes were histocompatibility antigen 
typed, using human allo-antisera before and after neur- 
aminidase treatment to see if new histocompatibility an- 
tigens would be exposed. To our great surprise, virtually 
all of the alloantisera were capable of lysing neuramini- 
dase-treated cells. As a control for this experiment, we 
tested normal human sera against neuraminidase-treated 
lymphocytes and found that the great majority of normal 
human sera contained a substance capable of lysing neur- 
aminidase-treated cells. 

A typical experiment is shown in Table 2. A chromium- 
release assay was used to measure the lysis of cells by the 
ability of sera to release chromium 51, which had previ- 
ously been put in the cell. Human lymphocytes that were 
untreated, neuraminidase-treated, or treated with inacti- 
vated neuraminidase were exposed to normal serum and 
complement. Untreated lymphocytes showed about a 14% 
lysis with serum and complement. This is the control level 
of lysis that is caused by complement alone. However, 
neuraminidase-treated lymphocytes showed a marked de- 
gree of lysis by just normal serum in the presence of com- 
plement—almost 70%. This was a complement-dependent 
phenomenon, ie, serum, in the absence of complement, 
shows no lysis (18%). Complement alone, in the absence of 
serum, shows no lysis. It thus appeared that normal hu- 
man sera contained some component that was cytotoxic to 
neuraminidase-treated cells but not to untreated cells. 

Identical results were obtained in the autologous situ- 
ation, ie, serum from an individual was capable of lysing 
the neuraminidase-treated cells of that same individual as 
well as the neuraminidase-treated cells of others. This cy- 
totoxic activity was present in 36 of 42 normal adults, in 
all 16 children we tested, as well as in 17 of 20 patients 
with metastatic cancer and leukemia. The only patients in 
whom we consistently did not find this cytotoxic activity 
were patients with agammaglobulinemia (none of ten) 
(Table 3). 

We attempted to determine whether this cytotoxic ac- 
tivity was an antibody, and on the basis of several lines of 
evidence concluded that it was. First, the lysis was strictly 
complement-dependent; the serum could not lyse neur- 
aminidase-treated cells in the absence of complement. The 
lytic activity was absent from agammaglobulinemic pa- 
tients. It chromatographed exactly with IgM on chroma- 
tography columns. This, of course, is just presumptive evi- 
dence that it is an IgM antibody. 

We have thus concluded that normal humans contain a 
natural, cytotoxic antibody to a hidden determinant on 
their own cells that can be absorbed by neuraminidase. A 
relevant question, of course, is what is the biological role 
of this built-in, self-destruct mechanism? 

We are considering three hypotheses that are purely 
speculative at this moment. It is known that altered cells, 
either transformed by tumor viruses or by mitogens, may 
show a change in their surface sialic acid. It is entirely 
conceivable that altered cells, in changing their sialic acid, 
expose new antigens and that this natural antibody serves 
as a mechanism of immune surveillance against altered 
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cells. It may also be playing a role in the elimination of 
aged or damaged cells. It might well play a role in auto- 
immune disease, if changes occur in the cells of a given or- 
gan exposing this new determinant. 

With immunotherapy experiments in mind, we 
switched from the human to the mouse and attempted to 
search for these natural antibodies to neuraminidase- 
treated cells in mouse systems as well. 

A typical experiment is shown in Fig 6. Dilutions of 
C3H normal sera were able to lyse neuraminidase-treated 
C3H cells, again an autologous situation, but were not ca- 
pable of lysing untreated cells. C3H serum was also ca- 
pable of lysing C57B1/6 cells, but not of lysing C57B1/6 
cells. 

We checked a variety of different mouse strains for the 
presence of this natural antibody (Table 4). Different 
strains contained different levels of this natural circulat- 
ing antibody to determinants uncovered by neuramini- 
dase. It thus appeared that the ability to form this anti- 
body was genetically determined. 

I should point out that the C57B1/6 cells and the C3H 
cells contained equal amounts of this determinant exposed 
by neuraminidase treatment (Fig 7). They were both 
equally able to absorb activity from C3H serum. C57B1/6 
mice, although they have this determinant hidden, for 
some reason, are incapable of reacting to it. C3H mice, on 
the other hand, show higher titers of the natural antibody 
than any other strain we have studied. 

In attempting, therefore, to formulate a mechanism of 
action whereby neuraminidase treatment enhances the 
immunogenicity of cells, let us review the basic points 
that we would have to include in any hypothesis: (1) Injee- 
tion of neuraminidase-treated cells is sometimes capable 
of preventing tumor growth or of actually causing tumor 
regression. (2) This phenomenon is dependent on the im- 
munologic competence of the host. (3) The effect appears 
to differ in different mouse strains. The C3H strain seems 
to be extremely susceptible. That is not to say that other 
strains are not somewhat susceptible, but Dr. Sanford’s 
original experiments with the TA3 adenocarcinoma in 
C3H mice and Dr. Simmon’s very extensive experiments, 
most of which have been in C3H mice, seem to indicate 
that this mouse strain has a particular susceptibility to 
this immunotherapeutic approach. (4) There appears to be 
no increase in the number of measurable tumor antigens 
on tumor cells after neuraminidase therapy. That is, if one 
uses an antisera to tumor antigens and looks at the ability 
of different cells to absorb this antitumor antibody, one 
cannot absorb more activity with neuraminidase-treated 
cells than nonneuraminidase-treated cells. Although the 
cells appear to be more immunogenic, there is no increase 
in the number of tumor antigens. This has also been 
shown using histocompatibility antigens by Dr. Simmons 
and by us in collaboration with Dr. Ronald Herberman 
using the RBL5 tumor in C57B1/6 mice. (5) The removal 
of sialic acid by neuraminidase is temporary; its regenera- 
tion time in these cells that are perfectly viable after 
neuraminidase treatment is about six hours. Whatever ef- 
fect is occurring in the host when neuraminidase-treated 
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cells are being injected must be a fairly rapid one. 

I weuld like to propose a hypothesis based on some of 
this information and some of the work we have described 
today that might explain how neuraminidase treatment 
works. This is the general line of experimentation that we 
are fdlowing in our laboratory now. The hypothesis I 
would like to propose is that the effect of neuraminidase 
crucia. to enhancing cel. immunogenicity is to expose this 
cryptie antigen on the cell surface. The host contains nat- 
ural cytotoxic antibodies that can recognize this new cryp- 
tic antigen. When a neuraminidase-treated cell is injected 
into the host containing natural antibody, the natural an- 
tibody binds to the cell and this cell-antibody complex af- 
fects the immunologic processing of the entire cell. There 
is preeedent, of course, in humoral systems for antigen- 
antibedy complexes being processed differently than anti- 
gen alone. Most of the nformation that I have discussed 
today, with respect to neuraminidase treatment, would 
lead one to believe that -t is this immunological processing 
of the cell that is really altered by neuraminidase treat- 
ment. This immunologic processing, due to the combina- 
tion af antibody with this cryptic antigen, affects the 
processing of the bystander tumor antigen, which just 
happens to be on the same cell and thus becomes a 
stronger immunogen. 

This hypothesis is a readily testable one and we are in 
the process of attempting to test it now. If true, it would 
provice some potentially important information relevant 
to human studies since, as I mentioned earlier, humans do 
contain this natural cytotcxic antibody. This may provide 
one type of index shat one could manipulate in humans at- 
tempt.ng to immunize against neuraminidase-treated 
cells. 

I have placed a great deal of emphasis on the need to 
understand the mechanisms of immune therapies. The 
title af this symposium is “Horizons in Tumor Immuno- 
therapy,” and, at the risk of stretching the analogy too 
far, I would like to remind everyone that many horizons 
contain clouds. 

Let me give two examples, one from my own work and 
one from the literature, of the potential hazards that one 
-= can ercounter in attempts at immunotherapy. 

In experiments performed with Dr. David Lavin and 
Dr. William Terry we leoked at the effect of BCG on the 
rate o? appearance of methylcholanthrene-induced tumors 
(Cancer Res 33:472, 1973). Methylcholanthrene, a strong 
carcinogen in mice, was injected into large numbers of 
mice. The mice were treated with BCG either (1) not at all, 
(2) 14 days before methylcholanthrene administration, (3) 
13 days after, (4) 14 days before and 50 days after, or (5) 
just 50 days after methylcholanthrene administration. 
The rete of tumor appearance was significantly retarded 
by giving BCG either 14 days before or 18 days after or a 
combination of 14 days before and 50 days after methyl- 
cholamthrene administration. However, if BCG were given 
only at 50 days after methylcholanthrene administration, 
tumors appeared and grew significantly faster than if no 
BCG had been given. This demonstrates that the timing 
of BCG immunotherapy is critically important and can, in 
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fact, lead to either enhanced or retarded tumor growth. 
A second example was presented in a report by Sparks 
at the last meeting of the American Association for Can- 
cer Research. He implanted a methylcholanthrene-induced 
fibrosarcoma in the mouse on the right and left sides and 
injected BCG with neuraminidase only into the tumor on 
one side. In five of 16 groups, injection of BCG with neur- 
aminidase actually enhanced the growth of the tumor on 
the side of injection and in about half of the groups, it en- 
hanced the growth of the tumor on the reverse side. As Dr. 
Simmons has pointed out, the kind of tumor one uses and 


the strain of mouse that is involved is highly important. 


and this enhancement phenomenon has not been seen by 
many other investigators who have repeated Dr. Sim- 
mons’ work. I merely mention it to point out the danger 
inherent in this particular form of immune therapy. 

I have ended on this somewhat somber note to empha- 
size my belief that by understanding the mechanism of 
action of these different immune therapies, we can more 
intelligently avoid the hazards that are inherent in them. 


Question Period 


Dr. WILSON: I am sure we would all agree that this has 
been a truly exciting morning. Many in the audience have 
performed work in this area and I am sure our speakers 
will be happy to answer questions. 


Dr. ROSENBERG: I would like to ask Dr. Alexander about 
the specificity of the soluble tumor antigens. Are they 
unique for each tumor or do tumors of a given immuno- 
logic type have the same antigens? 


Dr. ALEXANDER: In the case of the rat sarcomas, there 
was no cross-reaction, whereas in humans, there was total 
histogenic cross-reactivity and in fact, one can assay these 
antigens in the serum against lymphocytes of any patient 
with the same type of tumor. This has been limited in our 
experience to hypernephroma, bladder carcinoma, mela- 
noma, and a few sarcomas. Our major effort at the mo- 
ment is with hypernephroma, and if there is one patient 
in our hospital with this tumor we can obtain lymphocytes 
to screen dozens of sera from different hypernephroma pa- 
tients. 


Dr. WILSOn: It is interesting that despite the nonimmu- 
nogenicity of this soluble antigen, you can identify cyto- 
toxic lymphocytes in patients at various stages of their 
disease. How do you postulate such efficient lymphocyte 
toxicity against the tumor with a virtually nonimmunogen- 
ic antigen? 


Dr. ALEXANDER: The hypothesis would be that the ac- 
tual immunization of the patient or the animal to the 
TSTA occurred when the antigens were present in a non- 
soluble form, ie, in the form of tumor cell membranes or 
whole tumors draining into the node. In rat tumors, mem- 
brane fragments can be found in the affluent lymph drain- 
ing into the node. The actual immunization step may occur 
with the antigen in an immunogenic form, presumably 
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adherent to a cell membrane, whereas the circulating an- 
tigen is nonimmunogenic. I would like to ask Dr. Rosen- 
berg a question. I take it that these fascinating auto- 
antibodies do not react with VCN itself? They are not just 
an antibody to the neuraminidase that you have used? 


Dr. ROSENBERG: That is correct. In two different kinds 
of experiments, one with inactivated neuraminidase 
treatment, or with neuraminidase in the presence of a 
competitive inhibitor, sialic acid treatment, there is no ef- 
fect. 


Dr. WILson: Dr. Alexander, when you want to study and 
obtain your antigen, how do you best derive it from tumor 
cells? 


Dr. ALEXANDER: In the case of the rat, where we can get 
good postamputation syngeneic-specific serum, we just 
absorb it onto that serum. Rats have autoantibodies to 
normal tissue components so even the syngeneic, post- 
amputation rat serum must be carefully absorbed in nor- 
mal rat tissues. In man, we have been totally frustrated. 
Although antibodies come up in patients after resection, 
we have never had antibody arise in a patient who has had 
so much tumor that we have had enough to store in the 
deep freeze. 


Dr. Wilson: In your model, Dr. Simmons, you talked 
about the use of excision versus shelling out, incision, or 
biopsy. Is there any specific time in the course of the 
growth of mouse tumors when excision is useful in combi- 
nation with neuraminidase therapy? 


Dr. Simmons: We have three different kinds of tumors: 
the methlycholanthrene fibrosarcoma, the mammary tu- 
mor in C3H mice, and the B16 in the C57 mouse, which is a 
fairly rapidly metastasizing tumor. The answer differs for 
each type of tumor, and that is the trouble. In the absence 
of excision, large tumors never regress; in general, the 
more tumor you excise, the more effective is the immuno- 
therapy. As you would expect, the rapidly metastasizing 
tumor responds least well to excision plus immunotherapy. 


Dr. ALEXANDER: Did I understand you to say that in 
some of your tumor systems, radiated cells work nearly as 
well as the VCN-treated cells? 


Dr. SIMMONS: Yes, at tumor radiation doses of 5,000 to 
10,000 R. 


Dr. ALEXANDER: The other thing that puzzles me, and I 
ask this particularly in an audience of surgeons, is why do 
you and so many other people inject BCG into a local le- 
sion, since the only measurable response is the local lesion 
going away? Is not a sea of pus just taking the place of 
the scalpel? Having asked that question, and I am sin- 
cerely confident of the answer in terms of BCG, is direct 
neuraminidase injection a sea-of-pus situation, too? 
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Dr. Simmons: To answer the second question, direct 
VCN injection creates no pus at all. I agree entirely that 
killing a tumor by any means may lead to tumor immu- 
nity. In our early experiments, we injected BCG system- 
ically, not into the tumor. This has some effect in reducing 
tumor growth but local BCG is better. 


Dr. ALEXANDER: I was referring to your experiments of 
pure intralesional injection where you had BCG giving a 
small effect, VCN giving a small effect, and BCG and VCN 
giving much better effects. Is the actual local uleeration 
after giving VCN worse, or is this spectacular improve- 
ment on mixing BCG and VCN more subtle? 


Dr. Simmons: I am not an ulcer doctor and I have some 
worries about it. I try to avoid BCG in almost all my re- 
search, except when it has to be put in because we know it 
works. The BCG article published in Science has received 
the most notoriety, but usually we do not use BCG. The 
answer to the question, however, is that we get ulcers 
when BCG is repeatedly injected into a mouse. If injected 
only a few times, the mouse does not produce an ulcer, but 
if it is injected repeatedly, the mouse will get an ulcer. I 
do not think the ulcer is any worse with neuraminidase. 
Neuraminidase does not produce ulcers by itself. 


Dr. HERMAN Suit: In your model, Dr. Rosenberg, would 
you expect that injecting neuraminidase-treated normal 
cells would result in the state of immunity against that 
particular class of normal tissue? If so, were you to inject 
neuraminidase-treated tumor cells with admixed neur- 
aminidase-treated cells, would you expect to create some 
trouble? 


Dr. ROSENBERG: I would think that the distinct possi- 
bility exists. In fact, if these cryptic antigens are involved 
in causing autoimmune disease, this would be an experi- 
mental method for trying to create autoimmune disease. 
These are experiments that Dr. Baker and I now have in 
progress attempting to look at whether or not neuramini- 
dase treatment of a normal cell will effect the processing 
of the organ-specific antigens on that cell and result in or- 
gan damage. 


Dr. STEVEN KopisH: Dr. Simmons, would you describe 
your intralesional VCN that allegedly does not produce 
pus. What is its histologic picture during regression? 


Dr. Simmons: The system has not been studied system- 
atically. As you probably know, the histologic picture of 
regression in the animals who are given neuraminidase- 
treated tumor cells, elsewhere than the tumor, is basically 
a normal tumor that is smaller. There are no cellular infil- 
trates; we do not get a local cell-mediated cytotoxicity re- 
action against the tumor. The tumors just go away. We 
are currently doing immunofluorescent studies in this sys- 
tem. We have not studied the histologic effects of the in- 
tralesional neuraminidase. We have studied one human 
patient in whom the intralesional neuraminidase was 
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tried and this shcws a local lymphocyte or mononuclear 
cell infiltrate. 


Dr. Coyne: Coneanavalin A is generally thought to bind 
to tumor-associated sites on the cell membrane. In view of 
that, Dr. Simmons, it is surprising that you observed the 
effect you did. Have you any hypothesis or explanation? 


Dr. Simmons: I like Dr. Rosenberg’s explanation of how 
neuraminidase works, but I have another alternative ex- 
planation: VCN may create mitogens on the cell surface. 
Concanavalin A is known to be a mitogen that binds to 
the cell surface. The mitogens may supplement the lym- 
phocyte-stimulating preperties of the weak-tumor anti- 
gen. You can shew that if you add substimulating doses of 
mitogen to lymphocytes plus substimulating concentra- 
tions ef antigen, the lymphocyte will respond. I think that 
conA acts as a mitogen on the cell surface and VCN- 
treated lymphocytes are mitogenic for autologous lympho- 
cytes. That is an alternative hypothesis. 


Dr. Witson: If you increase the mitogenic activity, 
theoretically, you would expect it to work in all strains. 
Why is it so straim-speeific or relatively strain-specific? 


Dr. Simmons: It is not strain-specific. Bekesi uses DBA 
and AKR mice-and we can use C3H, C57, and A mice. Dr. 
Rosenberg’s hypozhesis is a good one, but the reasoning is 
not totally correcz. I have not injected conA into the tu- 
mor yet. We inject conA-treated tumor cells on the oppo- 
site side of the mouse, so what goes on there I do not 
know. By the way, in the conA system we have not exam- 


‘ined histologically the tumors that are going away, but 


they go away about as well as the neuraminidase-treated 
tumor cells. 
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Dr. Wilson: I think we had best call this discussion to a 
halt. I am sure we are all most appreciative of this fine 
morning of interesting data. It is clear that, on an experi- 
mental basis, there are effective means of altering the 
growth of established tumors or their metastases. Under- 
standing the mechanisms involved in these immunologic 
reactions and the indexes for their utilization may permit 
clinical application of these techniques. I think we have all 
been pleased to hear the return of the tumor-specific anti- 
gen to its rightful role as a major component in the con- 
trol of immune responsiveness and reactivity. The exten- 
sion of Dr. Simmons’ studies with neuraminidase to conA 
and radiated tumor cells makes a simple explanation for 
the mode of neuraminidase action less clear, although it is 
entirely possible that, while Dr. Rosenberg’s explanation 
might apply for neuraminidase, other forms of therapy 
may have totally different reasons for being effective. I 
am sure that the speakers would be unanimous in agree- 
ing with me were I to state that the present status of im- 
mune therapy in a clinical situation is so ill-defined and 
uncertain that it must be considered highly experimental. 


Figures 1 and 3 are reproduced with modification from the British Jour- 
nal of Cancer (26:427-438, 1972; 28:25-35, 1973). 

Figure 2 is reproduced with modification from the British Medical Jour- 
nal (2:752-754, 1970). 

Figure 4 is reproduced with modification from Surgery (70:38-46, 1971). 

Tables 1 and 2 are reproduced with modification from the Jowrnal of Sur- 
gical Research (12:57-61, 1972). 


Table 3 is reproduced with modification from Nature: New Biology — 


(239:203-204, 1972). 


Nonproprietary Name and 
Trademark of Drug 


Mitomycin—Mitocin-C. 
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Immune Cytolysis of Human Tumor Cells 


Mediated by Xenogeneic “Immune” RNA 


Yosef H. Pilch, MD; Larry L. Veltman, MD; David H. Kern, PhD, Los Angeles 


Using a quantitative assay for lymphocyte-mediated cytotoxicity, it 
was shown that normal nonimmune human lymphocytes were con- 
verted to effector cells specifically cytotoxic to human tumor cells in 
vitro by incubation with “immune” RNA extracted from the lymph- 
oid organs of specifically immunized guinea pigs or sheep. Lympho- 
cytes incubated without RNA or with control RNA preparations failed 
to show cytotoxic activity. These immune responses were abrogated 
when the immune RNA was treated with RNAase prior to incubation 
with lymphocytes. However, treatment with DNAase or pronase did 
not alter the activity of the immune RNA. 


aia in the role of ribonucleic acids extracted 

from specifically sensitized lymphoid cells as mediators 
of immune responses was initiated in 1961 when Fishman 
and Adler demonstrated that RNA, extracted from nor- 
mal rat macrophages exposed in vitro to T2 phage, could 
transfer to normal, nonimmune rat lymph node cells the 
capacity to produce specific antibodies to T2 phage anti- 
gen.” Mannick and Egdahl’ and, subsequently, Sabbadini 
and Sehon* demonstrated that immunity to skin allo- 
grafts could be transferred to previously untreated rab- 
bits by the intravenous administration of autologous 
spleen cells preincubated with RNA extracted from the 
lymphoid organs of specifically immunized donor rabbits. 
Alexander et al reported growth retardation and occa- 
sional temporary regression of benzpyrene-induced sar- 
comas in rats treated by footpad injections of RNA ex- 
tracted from lymph cells of sheep immunized, with the 
particular rat tumor being treated.’ 

Ramming, Deckers, and Pilch then applied the above 
models to the mediation of antitumor immune responses, 
and were able to show, in mouse and rat tumor-host sys- 
tems, that tumor-specific transplantation immunity could 
be conferred on previously untreated, syngeneic animals 
by the administration of syngeneic lymphoid cells pre- 
incubated with xenogeneic “immune” RNA extracted 
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from the lymphoid organs of guinea pigs previously im- 
munized with the tumor to be treated.*"' Confirmation of 
the capacity of xenogeneic immune RNA to mediate cellu- 
lar immune responses was provided by Paque and Dray.” 
They incubated xenogeneic immune RNA, extracted from 
the lymphoid organs of monkeys immunized with com- 
plete Freund adjuvant or with the H37RA strain of Myco- 
bacterium tuberculosis, with normal, nonimmune human 
leukocytes, and demonstrated that these leukocytes would 
then mediate the inhibition of migration of guinea pig 
peritoneal exudate cells when tuberculin was added to the 
medium. This was the first report of the interspecies trans- 
fer of a cellular immune response from animal to man 
with immune RNA. _ 

In the present article, we report the transfer of cellular 
immune responses to human tumor cell in vitro, mediated 
by xenogeneic immune RNA. In these studies, nor- 
mal, nonimmune human lymphocytes were converted into 
“killer cells,” which effected immune cytolysis of human 
tumor cells, by incubation with immune RNA extracted 
from the lymph nodes and spleens of sheep or guinea pigs 
previously immunized with cells from the particular hu- 
man tumor being studied. 


Materials and Methods 


The tumor employed was a human gastric adenocarcinoma, RI- 
H, established in tissue culture in our laboratory by primary ex- 
plant from a surgical specimen. It was studied in its 12th to 14th 
passage, and was maintained in RPMI 1640 supplemented with 
20% fetal calf serum or 20% agamma human serum, 0.15% gluta- 
mine, 0.25 mg/ml amphotericin B, 100 international units/ml peni- 
cillin, and 100ug/ml streptomycin sulfate. When cells from the 
13th passage were injected into a hamster cheek pouch, a tumor 
developed that was histologically similar to the original tumor. 
Tumor cell suspensions for immunization of animals were pre- 
pared from monolayer cultures by harvesting with 0.2% trypsin. 
Between 10’ and 10° viable tumor cells (determined by exclusion of 
0.4% trypan blue) in 3 ml RPMI 1640 were emulsified in an equal 
volume of complete Freund adjuvant and injected, intradermally 
into all four extremities of a 67.8 kg (150 Ib) male sheep at weekly 
intervals for three consecutive weeks. Ten days after the last in- 
jection the animal was killed and the spleen and mesenteric 
lymph nodes harvested and immediately frozen in dry ice. Fifteen 
Hartley guinea pigs were also immunized by administration of 10° 
RI-H tumor cells in 0.5 ml of medium emulsified in an equal vol- 
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ume of complete Freund adjuvant and injected in 0.25-ml aliquots 
into eaeh footpad. A simultaneous intraperitoneal injection of 10’ 
tumor eells in 0.5 ml medium without adjuvant was also given. 
These animals were killed ten days later, and the axillary and in- 
guinal lymph nodes and spleens frozen in dry ice. Immune RNA 
was extracted from the frozer. lymphoid tissue by the hot phenol 
method of Ramming and Pilch.” Control RNA preparations were 
also extracted from the spleens and lymph nodes of 15 other 
guinea pigs, and a second sheep immunized with complete Freund 
adjuvant only. The RNA content was determined by the orcinol 
reaction, the DNA content by the diphenylamine reaction of 
Dische, and the protein concentration by the method of Lowry et 
al. In some experiments, immune RNA was treated with 
RNAase, DNAase, or pronase as previously described by Ram- 
ming and Pilch.” The RNA preparations were also analyzed with 
respect to their sedimentation characteristics by ultracentrifu- 
gation in 5% to 20% continuous sucrose gradients.’ Heparinized 
blood (120 ml) was drawn by venipuncture from normal human 
volunteers. In early experiments, red cells were allowed to sedi- 
ment following the addition of a 10% gelation solution (Plasmagel) 
at 37 C for one hour. The white cell rich supernatant was centri- 
fuged at 1,000 x g for ten minutes and treated with 0.85% ammo- 
nium chloride at reom temperature for five minutes to lyse resid- 
ual red bloods cells. The remaining leukocytes were washed twice 
with RPMI 1640 and counted. In subsequent experiments, purified 
lymphocyte populations were prepared from heparinized blood 
specimen on ficol-isopaque gradients, suspended in RPMI 1640 
with 40% agamma human serum and 10% dimethyl sulfoxide 
(DMSO), and frozen in liquid nitrogen at 1 C per minute. Prior to 
use, the lymphocytes were thawed at 37 C and washed twice with 
RPMI 1640 to remove DMSO. One milliliter RPMI 1640 containing 
1.5x 10° lymphocytes (or leakccytes) was incubated with 1 ml of 
the appropriate RNA preparazion at a concentration of 2 mg/ml 
for 20 minutes at 37 C in a gvratory water bath. The cells were 
washed twice with RPMI 1640 supplemented with 20% fetal calf 
serum and diluted to the appropriate cell concentration for addi- 
tion to the target cells (see below). 

The assay for immune cytolysis employed was a modification of 
the '°I = iododeoxyuridine assay of Cohen et al. RI-H tumor cells 
were harvested from monolayer cultures with 0.2% trypsin, 
washed once in medium, counted, and diluted so that 10° cells were 
contained in 405 ml of medium. This cell suspension was then 
added to 30 ml plastic tissue culture flasks. At this time, 1 ml of 
medium containing 60 microcuries ‘*I-iododeoxyuridine and 
10-°M fluorodeoxyuridine was added to the flask. After incubation 
at 37 C for 24 hours, the cells were trypsinized, washed twice in 
medium, counted, and diluted to a concentration of 10° cells/ml. 
One thousand tumor cells in 0.1 ml medium were added to each 
well of microtest plates. The RNA-incubated leukocytes (or con- 
trol leukocytes) were then added to each well, in 0.2 ml of medium, 
in leukocyte-target cell ratios of from 2,000:1 to 200:1. The plates 
were incubated at 37 C for 48 hours, and the wells were then 
washed four times with medium to remove debris and dead tumor 
cells that detached from the well bottoms during the incubation. 
After drying in air, the plates were sprayed with a surgical dress- 
ing (Aeroplast), and the individual wells were separated by cut- 
ting the plates with a band saw. The radioactivity in each well was 
measured in an automatic gamma counting system. The counts 
recorded were then a measure of the viable tumor cells that re- 
mained adherent to the well bottoms and not killed by the leuko- 
cytes. Six wells were identically prepared for each lymphocyte to 
target cell ratio for each lymphocyte preparation. The mean and 
standard error of the mean were calculated for each group of 
wells, and a cytotoxicity index (CI) calculated from the following 
formula: 
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CI = mean counts per minute with no RNA — mean counts per min-. 


ute with experimental RNA/mean counts per minute with no 
RNA. 

Statistical comparison of groups was by Student ¢ test for un- 
paired data. 


Results 


The results of three typical early experiments using 
buffy coat leukocytes are given in Table 1 and the Figure. 
In experiments 1 and 2, xenogeneic immune RNA ex- 
tracted from the lymphoid organs of sheep immunized 
with RI-H tumor cells were incubated with normal human 
leukocytes, and in experiment 3 the immune RNA was ex- 
tracted from the lymph nodes and spleens of immunized 
guinea pigs. The optimal leukocyte to tumor cell ratio was 
found to be 500:1. Higher ratios resulted in an unaccep- 
table degree of nonspecific lysis, and lower ratios were 
usually less effective or ineffective. In experiment 1, the 
CI obtained with leukocytes incubated with RNA ex- 
tracted from the lymphoid organs of immunized sheep 
(immune RNA) was 0.45 + 0.08. The CI for leukocytes in- 
cubated with no RNA was 0+ 0.14. This difference was 
significant (P<.01). Leukocytes incubated with RNA ex- 
tracted from the lymphoid organs of a sheep immunized 
with complete Freund adjuvant only (Freund adjuvant 
RNA) gave a CI for —0.10 + 0.18, a value significantly dif- 
ferent (P<.005) from immune RNA, but not different 
from the leukocyte preparation incubated with no RNA. 
When the same immune RNA preparation was treated 
with RNAase prior to incubation with leukocytes, a CI of 
0.18 + 0.14 was obtained. This value was significantly dif- 
ferent from the CI obtained with untreated immune RNA 


Cytolysis of RI-H tumor cells mediated by xenogeneic immune 
RNA from lymphoid organs of sheep and guinea pigs. Experiments 
1 and 2 utilized sheep RNA and experiment 3 guinea pig RNA. Dif- 
ferences between immune RNA and all control groups was statisti- 
cally significant (P <.005 to .05) in every case. RNAase-treated im- 
mune RNA in experiment 1 was only partially degraded, but a 
different lot of RNAase produced complete degradation in experi- 
ments 2 and 3. Ratio of leukocytes to target cells was 500:1. Com- 
plete Freund adjuvant, CFA. 
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Table 1.—Immune Cytolysis of RI-H Tumor Cells Mediated by Immune RNA* 


Experiment 1 Experiment 3 
RNA Donor: Sheep Experiment 2 RNA Donor: Guinea Pig 
Cytotoxicity Cytotoxicity Cytotoxicity 
Index P Index P Index P 
Leukocytes incubated with 
Immune RNAT 0.45 + 0.08 0.30 = 0.05 0.41+0.13 
Immune RNA + RNAaset 0.18 + 0.14 <.05 0.08 = 0.02 <.005 —0.37 + 0.08 <.005 
Freund adjuvant RNA§ —0.10=0.18 <.005 —0.30 + 0.05 <.005 —0.20 + 0.10 <.005 
No RNA 0.0 =0.14 <.01 0:0. = 015 <.01 0.0 +0.07 <.025 


* Only leukocyte to target cell ratios of 500:1 are included. Six replicate wells were used for each determination. P values calculated by 
student t test for unpaired data and represent differences between immune RNA and various control groups. 

t RNA from lymphoid organs of animals immunized with RI-H tumor cells. 
_ Immune RNA treated with RNAase prior to incubation with leukocytes. 

$ RNA from lymphoid organs of animals immunized with Freund adjuvant only. 


Table 2.—Immune Cytolysis of RI-H Tumor Cells Mediated by Immune RNA From Lymphoid Organs of Immunized Sheep* 













Experiment 4 Experiment 5 Experiment 6 Experiment 7 
(100:1) (200:1) (100:1) (100:1) 

Cytotoxicity Cytotoxicity Cytotoxicity Cytotoxicity 

Index P Index P Index P Index P 
Lymphocytes incubated with 

Immune RNAT 0.60 + 0.06 0.84 + 0.02 0.69 + 0.07 0.60 + 0.06 
Immune RNA + RNAaset ND ND —0.08 + 0.14 <.005 0.05 + 0.02 <.005 
Immune RNA + DNAase§ ND 0.84 + 0.03 NS ND ND 
Immune RNA + pronase! ND ND ND 0.53 + 0.06 NS 
Freund adjuvant RNA{ 0.22 + 0.05 <.005 0:22 + 0.13 <.005 0.12 + 0.24 <.05 ND 












No RNA 0.0 +0.10 <.005 


* Six replicate wells were used for each determination, P values calculated by student t test for unpaired data and represent differences be- 
tween immune RNA and various control groups. Purified lymphocyte populations, not buffy coat leukocytes, employed. Lymphocyte: target all 
ratio shown in parentheses under experiment number. Not done, ND; not significant, NS. 

t RNA from lymphoid organs of sheep immunized with RI-H tumor cells. 

+ Immune RNA treated with RNAase prior to incubation with lymphocytes. 

§ Immune RNA treated with DNAase prior to incubation with lymphocytes. 

|| Immune RNA treated with pronase prior to incubation with lymphocytes. 

1 RNA from lymphoid organs of animals immunized with Freund adjuvant only. 


0.0 £0.19 <.005 0.0 +0.14 <.005 0.0 +0.04 <.005 











Table 3.—Immune Cytolysis of RI-H Tumor Cells Mediated by Immune RNA From Lymphoid Organs of Immunized Sheep* 


LL 















Experiment 8 Experiment 9 
(100:1) (100:1) 
Cytotoxicity Cytotoxicity 
. Index P Index P 
Concentration of immune RNAt 
No RNA 0.0 +0.14 0.0 +0.06 
2.0 mg RNA/mlI 0.69 + 0.07 <.005 0.53 + 0.06 <.005 
l 1.0 mg RNA/ml 0.79 = 0.02 <.005 0.36 + 0.02 <.005 

0.5 mg RNA/mI 0.62 + 0.03 <.005 ND 
0.25 mg RNA/mlI ND 0.21 + 0.05 <.05 
0.10 mg RNA/mI ND 0.17 + 0.07 <.05 





* Six replicate wells were used for each determination. P values calculated by student t test for unpaired data and represent differences 
between no RNA and various other groups. Lymphocyte: target cell ratio shown in parentheses under experiment number. Not done, ND. 
Tt RNA from lymphoid organs of sheep immunized with RI-H tumor cells. 
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(P<.05), but not different from the other two control leu- 
kecyte preparations. In this particular experiment, the 
RNAgse used did not completely degrade the immune 
RNA. This was evident from the profile obtained on anal- 
ysis of this RNA preparation on a sucrose density 
gradient. When a fresk preparation of RNAase was uti- 
lized in experiments 2 end 3, complete degradation of the 
immune RNA resulted, ard all immunologic activity was 
abrogated. 

In experiment 2, again using sheep immune RNA, re- 
sults similar to those of experiment 1 were obtained. The 
leakocytes incubated with immune RNA gave a CI of 
0.30 + 0.05. This was a significantly greater cytotoxicity 
irclex than those obtained with leukocytes incubated with- 
out RNA (CI=0 + 0.15; P<.01), leukocytes incubated with 
F-eund adjuvant RNA (C1—0.30 + 0.05; P<.005), and leu- 
kecytes incubated with immune RNA pretreated with 
RN Aase (CI =—0.08 + 0.02; P<.005). Again the CI of the 
three control leukocyte preparations were not statisti- 
cally different from eaeh other. In experiment 3, guinea 
pw immune RNA was employed instead of sheep RNA, 
bet all other factors were the same. The CI for leukocytes 
incubated with guinea pig immune RNA was 0.41 + .13. 
Tais was a significantly higher cytotoxicity index than 
those obtained with leakocytes incubated without RNA 
(C1 cf 0+0.07; P<.025), leukocytes incubated with 
Freund adjuvant RNA (CI of —0.20 + 0.1; P<.005) and 
leakocytes incubated with immune RNA treated with 
RN Asse (CI =—0.37 + 0.08; P<.005). The CIs for control 
leakocyte preparations were not statistically different 
from one another. Note that in all three experiments there 
was no significant difference between the cytotoxicity in- 
dices obtained with control RNA preparations. 

When purified lymphocyte populations, prepared on fi- 
ccl-isopaque gradients, were incubated with the RNA in- 
stead of buffy coat leukocytes, the magnitude of the cy- 
tctoxicity observed was increased and the lymphocyte to 
target cell ratio could be significantly reduced (from 500:1 
tc 100:1 or 200:1). These data are presented in Table 2. 
F-om these results, it may be seen that at a lymphocyte to 
target cell ratio of 100:1, CIs of from 0.60 to 0.69 were ob- 
tained in a very consistent fashion. Since lymphocytes ac- 
ccant for 20% to 40% of the total peripheral white blood 
cells in man, this result is quite consistent with what 
would be expected assuming that one or more populations 
of lymphocytes are the aczive effector cell population. By 
effecting approximately a fivefold increase in lymphocyte 
ecncentration, the leukecyte to target cell ratio could be 
reluced by a factor of five with no loss (or even an in- 
crease) in eytotexicity. 

When the active immune RNA preparations were pre- 
treated with DN Aase (experiment 5) at an enzyme to sub- 
strate ratio of 1:50 (based on the actual amount of DNA in 
t= sample) or with pronase (experiment 7) at an enzyme 
te substrate ratio-of 1:20 (based on the actual amount of 
protein in the sample) and then incubated with leuko- 
cytes, the resultant CI was not significantly altered. The 
fect that DN Aase and pronase treatment of the immune 
RNA preparations did not affect the transfer of immunity 
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and that RNAase treatment of the immune RNA abro- 
gated the response offers strong evidence that one or more 
moieties of RNA were responsible for the immunological 
activity of these preparations. 

Attempts were then made to determine the effect of 
varying the RNA concentration on the magnitude of the 
immune response observed. The concentration of RNA in 
which the lymphocytes were incubated was. progressively 
reduced so that a dose-response curve might be estab- 
lished and a threshold RNA concentration determined. 


The results of these experiments are depicted in Table 3. — 


From these data it can be seen that reducing the RNA 
concentration from 2.0 mg/ml to 1.0 mg/ml or even to 0.5 
mg/ml had little effect on the response, but reducing the 
concentration still further to 0.25 mg/ml resulted in ap- 
proximately a 50% decrease in cytotoxicity. Further reduc- 
ing the RNA concentration to 0.10 mg/ml reduced cytotox- 
icity still further, but this result remained significantly 
different from that obtained with no RNA. 


Comment 


This series of experiments demonstrates, for what we 
believe to be the first time, the mediation of immune cy- 
tolysis of human tumor cells in vitro by normal, nonim- 
mune human lymphocytes preincubated with xenogeneic, 
antitumor immune RNA extracted from the lymphoid or- 
gans of animals immunized with the particular human tu- 
mor being studied. This constitutes the first reported dem- 
onstration of the transfer in vitro of an immune response 
to cell surfaces antigens from animal to man. Only im- 
mune RNA from animals immunized with tumor cells me- 
diated the conversion of normal human leukocytes to 
“killer cells,’ and RNA preparations extracted from the 
lymphoid organs of animals immunized with Freund adju- 
vant were ineffective in conferring cytotoxie activity on 
normal human lymphocytes. 

Wilson and Wecker,'* Bondevik and Mannick,"’ and 
Ramming and Pilch’? showed that normal nonimmune 
lymphoid cells, incubated with allogeneic immune RNA 
extracted from the lymphoid organs of rodents immunized 
against histocompatibility antigens, mediated specific im- 
mune cytolysis of allogeneic target cells in vitro. Ram- 
ming and Pilch then demonstrated, with a syngeneic sys- 
tem, that immune cytolysis of guinea pig tumor cells in 
vitro could be mediated by immune RNA extracted from 
the spleens of syngeneic guinea pigs that had previously 
been immunized to the particular tumor being studied.” 
In these studies, the tumor cells, lymphoid cells, and RNA- 
donor animals were all from the same inbred strain and, 
therefore, it was apparent that the immune responses 
transferred by immune RNA were directed specifically at 
tumor-associated antigens. However, when xenogeneic 
sources of immune RNA are utilized, the determination of 
specificity becomes more difficult. In a murine tumor-host 
system employing xenogeneic immune RNA extracted 
from the lymphoid organs of immunized guinea pigs, 
Ramming and Pilch provided convincing evidence that, 
when xenogeneic antitumor immune RNA is incubated 
with lymphoid cells that are syngeneic with the tumor 
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cells, only immune responses directed against tumor-asso- 
ciated antigens are transferred.’ 

Because the patient from whom the RI-H tumor line 
was established is deceased, it was impossible for us to es- 
tablish, within an autologous system (by utilizing lympho- 
cytes from the primary autochthonous host), that the im- 
mune responses reported here were specific for tumor- 
associated antigens, as distinct from immune responses 
directed against histocompatibility antigens. In this 
series of experiments, since the immune RNA was incu- 
bated with leukocytes that were allogeneic with respect to 
the tumor cells, the immune responses observed were 
probably directed against the histocompatibility antigens 
present on the tumor cells as well as to the tumor-specific 
antigens. This problem of establishing specificity for tu- 
mor-specific antigens can be overcome if leukocytes that 
are autologous with the tumor cell line are used in place of 
allogeneic leukocytes. In that instance, histocompatibility 
differences between the leukocytes and tumor cells would 
be eliminated, and presumably immune responses to tu- 
mor-specific antigens alone could be examined. Such stud- 
ies are now in progress. 

A rational model for the immunotherapy of human can- 
cer with xenogeneic immune RNA has been proposed by 
Deckers and Pilch. In this model, xenogeneic immune 
RNA is extracted from the lymphoid organs of animals 
immunized with human tumor tissue removed at surgery. 
Autologous lymphocytes obtained from the patient by 
means of a mechanical blood cell separator would be incu- 
bated with xenogeneic immune RNA and returned to the 
patient by intravenous infusion. Alternately, the immune 
RNA might be given systemically by multiple intradermal 
or subcutaneous injections in a vehicle containing a 
RN Aase inhibitor. Although it has not yet been adminis- 
tered to man, xenogeneic immune RNA offers several 
theoretical advantages over other methods for adoptive 
immunotherapy: (1) There is no need to give serum or 
plasma. Serum has been shown, in some situations, to con- 
tain factors that may block cell-mediated immune re- 
sponses in vitro and that may facilitate tumor growth in 
vivo. (2) Intact leukocytes need not be given. This obviates 
the administration of allogeneic leukocytes that can sensi- 
tize the recipient to foreign histocompatability antigens. 
Repeated transfusions of allogeneic leukocytes may then 
result in significant toxicity. Moreover, the immune elimi- 
nation of allogeneic leukocytes may make subsequent 
transfusions of such cells ineffective for immunotherapy. 
Immune RNA contains no transplantation antigens. (3) 
There would be no danger of inducing a graft vs host reac- 
tion in immunodeficient or immunosuppressed individuals. 
(4) Immune RNA itself is not a strong antigen and, there- 
fore, injections of RNA, even xenogeneic RNA, would not 
be expected to sensitize the recipient, to cause secondary 
syndromes, or to result in immune elimination of subse- 
quent doses of RNA. 

The immune cytolysis produced by lymphocytes pre- 
incubated with immune RNA may be due to completely 
cellular (cell to cell) mechanisms, eg, T-cell killing. How- 
ever, it is also possible that immune RNA induces the pro- 
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duction of antibodies to cell surface antigens and that 
these antibodies play a significant role in mediating the 
cytotoxicity observed. Studies now in progress are aimed 
at detecting such antibodies and at elucidating the mecha- 
nism by which lymphocytes preincubated with immune 
RNA preparations mediate cytotoxic reactions. 


These investigations were supported in part by grant No. ET-28 from the 
American Cancer Society and by the Veterans Administration. 


Nonproprietary Names and 
Trademarks of Drugs 


Amphotericin B—Fungizone. 
Idoxuridine—Dendrid, Herplex, Stowil. 
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Bristol Laboratories introduces 


Cetadyl, ‘a 


ha E Sodin 
a new parenteral cephalosporin 








A new parenteral cephalosporin. + 
with all the performance you expect in 
serious susceptible hospital infections 


Cetadyl, 


Sterile 
cephapirin sodium 


° Indicated in serious upper and lower respiratory, 
genitourinary, skin and soft-tissue infections, 
bacteremia, septicemia — due to susceptible 
organisms, including penicillin G-resistant staph. 





° Effective performance in treatment of infections 
due to these susceptible organisms: 


Respiratory tract infections due to D. pneumoniae, 
Group A beta-hemolytic streptococci, Klebsiella spp., 
or H. influenzae. 


Genitourinary tract infections due to E. coli, 
P. mirabilis, Klebsiella spp. or Staphylococcus aureus, 
including penicillin G-resistant staph. 


Skin and soft-tissue infections due to 
Stapnylococcus aureus, including penicillin 
G-resistant staph, Group A beta-hemolytic 
streptococci or E. coli. 


e High blood levels achieved with single 0.5 Gm. 
and | Gm. I.M. doses and with single 0.5 Gm., 1 Gm. 
and 2 Gm. LV. doses. 


e High solubility with only 2 ml. of diluent needed 
for | Gm. I.M. dose. 


Flease see last page for prescribing information. BRISTOL 


_A new parenteral cephalosporin... 
with all the performance you expect in 
serious susceptible hospital infections 


~ Flexible Dosage: adjustable to fit severity of infection and 
renal status of patient: 


~ The usual adult dose of Cefadyl is 0.5 Gm. to 1 Gm. every 4 to 6 hours 
intramuscularly or intravenously. Doses up to 12 Gm. daily may be used in very serious 
or life-threatening infections. 





No nephrotoxicity reported during extensive clinical trials 

In fact, when Cefadyl was given to patients with marked reduction in renal 
function and to renal transplant patients, no adverse effects were reported. However, 
renal status of patients should be determined prior to and during Cefadyl therapy, since 
in patients with impaired renal function, a reduced dose may be appropriate. Rises in 
BUN have been observed: their frequency increases in patients over 50 years old. 


Low incidence of venous irritation on IN. administration... 


well tolerated locally 


In controlled studies of volunteers and of patients receiving IV. Cefadyl, the 
incidence of venous irritation was low. Controlled studies in normal adult volunteers 
revealed that Cefadyl was well tolerated intramuscularly. 

Cephalosporins are reported to produce maculopapular rash, urticaria, reactions 
resembling serum-sickness and anaphylaxis. Eosinophilia and drug fever have been 
observed to be associated with other allergic reactions. These reactions are most likely 
to occur in patients with a history of allergy, particularly to penicillin. 

In penicillin-allergic patients, cephalosporins should be used with great caution. 
There is clinical and laboratory evidence of partial cross-allergenicity of the 
penicillins and the cephalosporins, and there are instances of patients who have had 
reactions to both drugs (including fatal anaphylaxis after parenteral use). 


Cetadyl™, 


sterile , 
cephapirin sodium 





Please see last page for prescribing information. 
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Cefadyl. 


S C 
cephapirin sodium 
A new parenteral cephalosporin from Bristol Laboratories 


CEFADYL® (sterile cephapirin sodium) 
7628 DIRO-04 March, 1974 


Description. Cefadyl (sterile cephapirin sodium) is 
a cephalosporin antibiotic intended for intramuscular 
and intravenous administration only. It is supplied as 
the sodium salt of 7-[a-(4-pyridylthio)-acetamido]- 
cephalosporanic acid. Each 500 mg. contains 1.07 
milliequivalents of sodium. 

Actions. Human Pharmacology—Following intramus- 
cular administration of single 500 mg. and 1 Gm. 
doses to normal volunteers, average peak serum levels 
of 9.0 and 16.4 mcg./ml. respectively, were attained 
at 30 minutes, declining to 0.7 and 1.0 mcg./ml. 
respectively, at 4 hours and 0.2 and 0.3 mcg./mi. 
respectively, at 6 hours. 

Cefadyl and its metabolites were excreted primarily 
by the kidneys. Antibiotic activity in the urine was 
equivalent to 35% of a 500 mg. dose 6 hours after 
I.M. injection and to 65% of a 500 mg. dose 12 hours 
after injection. Following an I.M. dose of 500 mg., 
peak urine levels averaged 900 mcg./ml. within the 
first 6 hours. 

Following rapid intravenous administration of single 
0.5 Gm., 1 Gm., and 2 Gm. doses, peak serum levels 
of 35, 67 and 129 mcg./ml. respectively, were attained 
at 5 minutes, declining to 6.7, 14.0 and 31.7 mcg./ml. 
respectively, at 30 minutes and 0.27, 0.61 and 1.11 
mcg./ml. respectively, at 3 hours. 

Seventy percent of the administered dose was 
recovered in the urine within 6 hours. Repetitive in- 
travenous administration of 1 Gm. doses over 6-hour 
periods produced serum levels between 4.5 and 5.5 
mcg./ml. 

44 to 50% of Cefadyl is bound to human serum. The 
average serum half-life of Cefadyl in patients with 
normal renal function is approximately 36 minutes. 

The major metabolite of cephapirin is desacetyl 
cephapirin which has been shown to contribute to 
antibacterial activity. 

Controlled studies in normal adult volunteers re- 
vealed that Cefadyl was well tolerated intramuscularly. 
In controlled studies of volunteers and of patients 
receiving |.V. Cefadyl, the incidence of venous irri- 
tation was low. 

Microbiology—In vitro tests demonstrate that the 
action of cephalosporins results from inhibition of 
cell-wall synthesis. Cefadyl is active against the fol- 
lowing organisms in vitro: 

Beta-hemolytic streptococci and other streptococci. 
(Many strains of enterococci, e.g., S. faecalis, are 
relatively resistant.) Staphylococci, including coag- 
ulase-positive, coagulase-negative, penicillinase and 
non-penicillinase producing strains. Diplococcus 
pneumoniae, Haemophilus influenzae, Proteus mira- 
bilis, Escherichia coli, Klebsiella species. 

Most strains of enterobacter and indole-positive 
Proteus (P. vulgaris, P. morganii, P. rettgeri) are re- 
sistant to Cefadyl. Methicillin-resistant staphylococci, 
Serratia, Pseudomonas, Mima and Herellea species 
are almost uniformly resistant to Cefadyl. 

Disc Susceptibility Tests—Quantitative methods 
that require measurement of zone diameters give the 
most precise estimates of antibiotic susceptibility. 
One such procedure* has been recommended for use 
with discs for testing susceptibility to cephalosporin 
class antibiotics. Interpretations correlate diameters 
of the disc test with MIC values for Cefadyl. With this 
procedure, a report from the laboratory of ““suscep- 
tible" indicates that the infecting organism is likely 


to respond to therapy. A report of ‘‘resistant'’ indi-. 


cates that the infecting organism is not likely to 
respond to therapy. A report of ‘‘intermediate suscep- 
tibility’’ suggests that the organism would be suscep- 
tible if high dosage is used, or if the infection is 
confined to tissues and fluids (e.g., urine), in which 
high antibiotic levels are attained. 

Indications. Cefadyl is indicated in the treatment of 
infections caused by susceptible strains of the fol- 
lowing microorganisms: 

Group A beta-hemolytic streptococci: Skin and soft 
tissue infections. Respiratory infections. 

(Injectable benzathine penicillin is considered to 
be the drug of choice in treatment and prevention of 
streptococcal infections, including the prophylaxis of 
rheumatic fever. Cefady! is effective in the eradica- 
tion of streptococci from the nasopharynx; however, 
data establishing the efficacy of Cefadyl in the sub- 
sequent prevention of rheumatic fever are not avail- 
able at present.) 

Staphylococcus aureus (penicillinase producing 

and non-penicillinase producing): Skin and soft tis- 
sue infections. Urinary tract infections. 
*Bauer, A.W., Kirby, W.M.M., Sherris, J.C., and Turck, 
M.: Antibiotic Testing by a Standardized Single Disc 
Method, Am. J. Clin. Pathol., 45:493, 1966. Standard- 
ized Disc Susceptibility Test, FEDERAL REGISTER 
37:20527-29, 1972. 


Diplococcus pneumoniae: Respiratory tract infec- 
tions. 

Haemophilus influenzae: Respiratory tract infec- 
tions. 

Escherichia coli: Urinary tract infections, skin and 
soft tissue infections and bacteremia. 

Klebsiella species: Urinary tract and respiratory 
tract infections. 

Proteus mirabilis: Urinary tract infections. 

Note: Appropriate bacteriological studies should 
be performed to identify the causative organisms and 
determine its susceptibility. Therapy may be started 
while awaiting results of these studies. 
Contraindications. Cefady| (sterile cephapirin sodium) 
is contraindicated in patients with known allergy to 
the cephalosporin group of antibiotics. 

Warnings. IN PENICILLIN-ALLERGIC PATIENTS, 
CEPHALOSPORINS SHOULD BE USED WITH GREAT 
CAUTION. THERE IS CLINICAL AND LABORATORY 
EVIDENCE OF PARTIAL CROSS-ALLERGENICITY OF 
THE PENICILLINS AND THE CEPHALOSPORINS, 
AND THERE ARE INSTANCES OF PATIENTS WHO 
HAVE HAD REACTIONS TO BOTH DRUGS (INCLUD- 
ING FATAL ANAPHYLAXIS AFTER PARENTERAL USE). 

Any patient who has demonstrated some form of 
allergy, particularly to drugs, should receive antibi- 
otics cautiously and then only when absolutely neces- 
sary. No exceptions should be made with regard to 
Cefadyl. 





SERIOUS ANAPHYLACTOID REACTIONS REQUIRE 
IMMEDIATE EMERGENCY TREATMENT WITH EPI- 
NEPHRINE. OXYGEN, INTRAVENOUS STEROIDS,AND 
AIRWAY MANAGEMENT, INCLUDING INTUBATION, 
SHOULD ALSO BE ADMINISTERED AS INDICATED. 

Usage in Pregnancy—Safety of this product for use 
during pregnancy has not been established. 
Precautions. The renal status of the patients should 
be determined prior to and during Cefadyl therapy, 
since in patients with impaired renal function, a re- 
duced dose may be appropriate (see Dosage, Adults). 
When Cefadyl was given to patients with marked 
reduction in renal function and to renal transplant 
patients, no adverse effects were reported. 

Prolonged use of Cefadyl may result in the over- 

growth of nonsusceptible organisms. Careful observa- 
tion of the patient is essential. If superinfection 
occurs during therapy, appropriate measures should 
be taken. 
Adverse Reactions. Hypersensitivity—Cephalosporins 
were reported to produce the following reactions: 
maculopapular rash, urticaria, reactions resembling 
serum-sickness, and anaphylaxis. Eosinophilia and 
drug fever have been observed to be associated with 
other allergic reactions. These reactions are most 
likely to occur in patients with a history of allergy, 
particularly to penicillin. 

Blood—During large scale clinical trials, rare 
instances of neutropenia, leukopenia, anemia were 
reported. Some individuals, particularly those with 
azotemia, have developed positive direct Coombs 
test during therapy with other cephalosporins. 

Liver—Elevations in SGPT or SGOT, alkaline phos- 
phatase, and bilirubin have been reported. 

Kidney—Rises in BUN have been observed; their 
frequency increases in patients over 50 years old. 
Dosage. Adu/ts—The usual dose is 500 mg. to 1 Gm. 
every 4 to 6 hours intramuscularly or intravenously. 
The lower dose of 500 mg. is adequate for certain 
infections, such as skin and soft tissue and most 


urinary tract infections. However, the higher dose is 
recommended for more serious infections. 

Very serious or life-threatening infections may re- 
quire doses up to 12 Grams daily. The intravenous 
route is preferable when high doses are indicated. 

Depending upon the causative organism and the 
severity of infection, patients with reduced renal func- 
tion (moderately severe oliguria or serum creatinine 
above 5.0 mg./100 ml.) may be treated adequately 
with a lower dose, 7.5 to 15 mg./Kg. of cephapirin 
every 12 hours. Patients with severely reduced renal 
function and who are to be dialyzed should receive 
the same dose just prior to dialysis and every 12 
hours thereafter. 

Children—The dosage is in accordance with age, 
weight and severity of infection. The recommended 
total daily dose is 40 to 80 mg./Kg. (20 to 40 mg./Ib.) 
administered in four equally divided doses. 

The drug has not been extensively studied in in- 
fants; therefore, in the treatment of children under 
the age of three months the relative benefit/risk 
should be considered. 

Therapy in beta-hemolytic streptococcal infections 
should continue for at least 10 days. 

Where indicated, surgical procedures should be 
performed in conjunction with antibiotic therapy. 
Administration. Cefady| may be administered by the 
intramuscular or the intravenous routes. 

Intramuscular Injection—The 1 Gm. vial should be 
reconstituted with 2 ml. of Sterile Water for Injection, 
U.S.P.|Each 1.2 ml. contains 500 mg. of cephapirin. 
All injections should be deep in the muscle mass. 

Intravenous Injection—The intravenous route may 
be preferable for patients with bacteremia, septicemia, 
or other severe or life-threatening infections who may 
be poor risks because of lowered resistance resulting 
from such debilitating conditions as malnutrition, 
trauma, surgery, diabetes, heart failure, or malig- 
nancy, particularly if shock is present or impending. 
If patient has impaired renal function, a reduced dose 
may be indicated (see Dosage, Adults). In conditions 
such as septicemia, 6 to 8 Gm. per day may be given 
intravenously for several days at the beginning of 
therapy; then, depending on the clinical response 
and laboratory findings, the dosage may gradually 
be reduced. 

When the infection has been refractory to previous 
forms of treatment and multiple sites have been in- 
volved, daily doses up to 12 Gm. have been used. 

Intermittent Intravenous Injection—The contents 
of the 1 Gm. vial should be diluted with 10 ml. or 
more of diluent and administered slowly over a 3 to 5 
minute period or may be given with intravenous 
infusions. 

Intermittent Intravenous Infusion with Y-Tube— 
Intermittent intravenous infusion with a Y-type ad- 
ministration set can also be accomplished while bulk 
intravenous solutions are being infused. However, 
during infusion of the solution containing Cefady! 
(sterile cephapirin sodium), it is desirable to discon- 
tinue the other solution. When this technique is 
employed, careful attention should be paid to the 
volume of the solution containing Cefady! so that the 
calculated dose will be infused. 

Continuous Intravenous Infusion~After reconstitu- 

tion, Cefadyl may be added to the solutions listed 
below under Stability. The choice of solution and 
volume should be dictated by the fluid and electro- 
lyte management of the patient. 
Stability. Storage Stability: After reconstitution, 
Cefadyl is stable for 12 hours at room temperature and 
10 days under refrigeration when reconstituted with 
Sterile Water for Injection, U.S.P. The pH of the 
resultant solution ranges from 6.5 to 8.5. During 
these storage conditions, no precipitation occurs. 
A change in solution color during this storage time 
does not affect the potency. 

Compatibility with the Infusion Solutions: Cefadyl 
is stable and compatible for 24 hours at room tem- 
perature at concentrations between 2 mg./ml. and 
30 mg./ml. in the following solutions: 

Sodium Chloride Injection, U.S.P., 5% W/V Dex- 
trose in Water, U.S.P., Sodium Lactate Injection, 
U.S.P., 5% Dextrose in Normal Saline, U.S.P., 10% 
Invert Sugar in Normal Saline, 10% Invert Sugar in 
Water, 5% Dextrose + 0.2% Sodium Chloride Injec- 
tion, U.S.P., Lactated Ringer's with 5% Dextrose, 5% 
Dextrose + 0.45% Sodium Chloride Injection, U.S.P., 
Ringer's Injection, U.S.P., Lactated Ringer's Injection, 
U.S.P., 10% Dextrose Injection, U.S.P. 

Supply. Cefadyl (sterile cephapirin sodium) for I.M. or 
I.V. injection. Cephapirin sodium equivalent to 1 Gm. 
cephapirin. NDC 0015-7628-1-Gm. vial. 


BRISTOL LABORATORIES 
BRISTOL | S anaso Ny iaer ee omean 


Cystadenoma and Cystadenocarcinoma 


of the Biliary System 


J-ffrey L. Marsh, MD; Beverly Dahms, MD; William P. Longmire, Jr., MD, Los Angeles 


Primary cystic neoplasms of the intrahepatic and extrahepatic bili- 
aw ducts are rare. One biliary cystadenoma and one biliary cyst- 
a enocarcinoma have been observed at the UCLA Hospital during 
te period from 1956 to 1973. Analysis of 31 cases of biliary cyst- 
a»enoma collected from the world literature reveals the tumor to be 
sbw-growing, with a tendency for malignant alteration. Although 
most cystadenomas have occurred in the right hepatic lobe of 
mäddle-aged women, the only two known cases of cystadenocar- 
coma developed in cystaderoma of the left lobe. Hepatic lobec- 
temy for intrahepatic lesions and total excision with biliary diversion 
fer extrahepatic lesions are recommended to avoid recurrence and 
malignant alteration. 


. her primary cystic biliary neoplasms are rare is in- 
dicated by the mere 31 cases of biliary cystadenoma 
and the single case of biliary cystadenocarcinoma that 
have been reported in the literature to date. During the 
period between 1956 and 1973, 57 intrahepatic and extra- 
hepatic cysts of the biliary system have been seen at the 
LCLA Hospital from among 127,434 surgical specimens 
and 6,141 postmortem specimens. Two of these lesions 
were found to be biliary cystadenoma (3.5%), one of which 
ezhibited malignant alteration. These two, representing 
an additional case of biliery cystadenoma and the second 
r=ported case of biliary cystadenocarcinoma, are docu- 
mented herein. 


Report of Cases 


Case 1.—A 36-year-old wcman was evaluated for abdominal 
pain and a mass in the right upper quadrant of two years’ dura- 
ton. She had suffered nausea and vomiting for four years and in- 
ceasing fatigue for one year. Results of a physical examination 
r-vealed an abdominal mass of the right upper quadrant. Labora- 
tery data were within normal limits. Barium gastrointestinal 
teact studies showed no deformity, but repeated oral cholangio- 
grams failed to visualize the gallbladder. An intravenous cho- 
lengiogram demonstrated a dilated but unobstructed common 
dact with normal hepatic ducts; the common duct, however, was 
viated to the right. An excretory urogram disclosed lateral dis- 
wœacement of the right kidney. A liver scan identified a mass of 
t-e right upper quadrant indenting the anterior aspect of the 
ræht lobe of the liver (Fig 1). Brightness modulation (B-mode) ul- 
tzasonogram suggested an intrahepatic cyst (Fig 2). 

At laparotomy, a large cyst containing 1,900 ml of mucinous 
faid was found to occupy the caudate lobe of the liver. Biliary cyst- 
allenoma was identified on frozen section of the cyst wall. A Roux- 
ea-Y right hepatic cystojejunostomy was performed. Cytologic ex- 
amination of aspirate from the cyst was negative for malignancy. 
The patient had a benign postoperative course complicated only 


nee EEE EERE! 


Accepted for publication Feb 20, 1974. 

From the departments of surgery (Drs. Marsh and Longmire) and pa- 
t ology (Dr. Dahms), UCLA School of Medicine, Los Angeles. 

Read before the annual meeting of the Southern California Chapter of 
t-e American College of Surgeons, Palm Springs, Calif, Jan 20, 1974. 

Reprint requests to Department of Surgery, UCLA School of Medicine, 
Los Angeles, CA 90024 (Dr. Longmire). 


Arch Surg/Vol 109, July 1974 





by a urinary tract infection. She is alive and well eight months 
postoperatively. 

Case 2.—A 66-year-old woman was evaluated for abdominal 
pain of recent onset and an abdominal mass that had been recog- 
nized for one year. Results of a physical examination revealed an 
epigastric abdominal mass. Laboratory data were within normal 
limits. Abdominal tomograms revealed a 15-cm right upper quad- 
rant mass with a calcified periphery. Upper gastrointestinal tract 
series demonstrated caudad displacement of the hepatic flexure. 
An excretory urogram was unremarkable. An oral cholangiogram 
showed a normally functioning gallbladder. A liver scan sug- 
gested a mass at the inferior border of the right and left hepatic 
lobes. At laparotomy, a large, fluid-filled, multilocular cyst was 
found to replace the left hepatic lobe (Fig 3 and 4). Left hepatic 
lobectomy was performed. Permanent pathological sections re- 
vealed a 3cm solid focus of malignant alteration in a biliary 
eystadenoma. The patient had a benign postoperative course and 
is alive and well four months postoperatively. 


Comment 


Short et al,’ in 1971, reviewed the 30 previously pub- 
lished cases of biliary cystadenoma and described an addi- 
tional case occurring in a 55-year-old woman. The single 
previous report of malignant alteration of an intrahepatic 
eystadenoma of bile duct origin was published by Thomp- 
son and Wolff? in 1965. The degree of clinical and patho- 
logical detail provided by these reports varies greatly. 
Age and sex data are available for only 22 patients, in- 
cluding the two presented herein. All but one were 
women, ranging from 14 to 69 years of age at presenta- 
tion. One third were younger than 40 years and one third 
were older than 55 years. The peak incidence was the fifth 


Fig 1.—Anterior liver scan (technetium Tc 99m sulfur colloid) 
showing avascular right upper quadrant mass interpreted as being 
intrinsic to the liver. 
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Fig 2.—Transverse cross section B-mode ultrasonogram of abdo- 
men 4-cm caudad to xyphoid demonstrating intrahepatic cyst. Top, 
high gain; Bottom, low gain. 





Fig 3.—Gross appearance of resected left hepatic lobe containing 
cystadenoma with malignant alteration. 


decade. The one man in whom the tumor is known to have 
occurred was 69 years old. Both patients with biliary cyst- 
adenocarcinoma were middle-aged women, 53 years and 
66 years, respectively. 

Twenty-five (87%) of the biliary cystadenomas reviewed 
were intrahepatic. The right lobe was most frequently in- 
volved. Twenty-seven percent were localized to the left 
hepatic lobe, and 18% occupied both lobes. Of eight extra- 
hepatic tumors, two occurred in the gallbladder. The cyst- 
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Fig 4.—Gross appearance of cut surface of cystadenoma showing 
multilocular cysts. Focus of cystadenocarcinoma is not apparent. 





Fig 5.—Cystadenoma with malignant alteration showing benign 
epithelium with tall, mucus-secreting columnar cells (hematoxylin- 
eosin, X 75). 


adenomas ranged in size from 1.5 cm to 25 cm. 

Clinical manifestations of biliary cystadenoma are non- 
specific, and, thus, definitive preoperative diagnosis is dif- 
ficult. Symptoms reflect the expansile nature of the intra- 
abdominal mass. When noted, symptoms generally have 
been reported to be of at least two years’ duration. Right 
.upper quadrant or epigastric pain that occasionally ra- 
diated to the right scapula was the chief complaint in 60% 
of documented cases. Increasing abdominal girth or 
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Fig 6.—Malignant alteration in cystadenoma showing disorderly 
glands forming intricately branching fronds with atypical cytology 
(mematoxylin-eosin, X 400). ’ 


awareness of an intra-abdominal mass was noted in 12 of 
20 detailed reports. Biliary obstruction manifested by 
jaundice, cholangitis, er steatorrhea developed in 35% of 
patients. Chemical analysis of sera reflected obstructive 
jaundice in these patients but could not provide specific 
causative information. 

Roentgenograms, although often demonstrating a he- 
patic lesion, usually have been nonspecific. Displacement 
of stomach, colon, kidmey, and ureter has been visualized 
by contrast studies. Cholecystograms, likewise, have been 
nonspecific, and nonvisualization of the gallbladder occurs 
frequently. Aortograms and radioisotopic scans are ana- 
tomically definitive but pathologically inconclusive. Ultra- 
sonograms may differentiate cystic from solid lesions. 

Edmondson‘ distinguishes biliary cystadenoma from 
solitary cyst and polycystic liver disease by identification 
ef a multilocular cystic neoplasm that contains mucinous 
fluid. that is lined with a columnar epithelium, often with 
papillary infolding, and that has a densely cellular stroma. 
The tumors in both patients reported herein were bulky 
multilocular cysts. They were separated from surrounding 
liver by a thick eapsule of connective tissue that incorpo- 
rated numerous well-cifferentiated bile ductules. Individ- 
ual locules ranged in size from a few millimeters to 5 cm 
in diameter. The locules were filled with yellow mucinous 
fluid of varying viscosity. Microscopically, individual loc- 
ules were lined by tall mucus-secreting columnar epithe- 
lium with numerous papillary infoldings. The nuclei in 
most areas were basal and arranged in an orderly pattern. 
The stroma was compact and composed of cellular connec- 
tive tissue with a moderate amount of collagen. The neo- 
plasm in case 2 contamed a 3-cm solid gray portion that 
had disorderly glands that formed intricately branching 
papillary fronds (Fig 5 and 6). Nuclei in this focus demon- 
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strated loss of polarity and cytologically atypical features, 
including hyperchromicity, pleomorphism, and prominent 
nucleoli. Diagnosis was that of mucinous papillary cyst- 
adenocarcinoma arising within a multilocular cyst- _ 
adenoma of the liver. 

The cystadenocarcinoma in our patient involved the left 
hepatic lobe, as did the tumor in Thompson and Wolffs 
case. Both neoplasms were totally resected with a left he- 
patic lobectomy. Their patient died of metastatic disease 
11% months postoperatively. Our patient, as stated, re- 
mains alive and well four months postresection. 

Biliary cystadenocarcinoma appears to arise from þe- 
nign neoplasia of biliary epithelium. Thompson and 
Wolff? paralleled the relationships between biliary cyst- 
adenoma/cystadenocarcinoma and pancreatic cystade- 
noma/cystadenocarcinoma. Although cases of biliary cyst- 
adenoma/cystadenocarcinoma are few, the classification 
of Glenner and Mallory’ for pancreatic cystade- 
noma appears applicable to these biliary tumors. These 
authors distinguished between the consistently benign, 
simple macrocystie pancreatic cystadenoma with low cu- 
boid epithelium and the premalignant papillary cystade- 
noma with infolded, proliferative, tall columnar epitheli- 
um (Fig 6). Becker et al,’ in a comprehensive report of cases 
and review of the literature for pancreatic cystade- 
noma/cystadenocarcinoma, observed malignant alteration 
only in cystadenoma with tall columnar epithelium. Both 
known cases of biliary cystadenocarcinoma were associ- 
ated with papillary cystadenoma. The similarity of biliary 
and pancreatic cystic neoplasms may be a reflection of the 
embryological unity of the two ductal systems as synchro- 
nous endodermal diverticula. 

The long duration of the recongnized abdominal mass 
and the presence of adjacent benign neoplastic epithelium 
in these cases of biliary cystadenocarcinoma argue for in 
vivo malignant alteration of biliary cystadenoma. Total 
excision should be attempted in all cases of biliary cyst- 
adenoma because of malignant potential. 


This investigation was supported in part by the James G. Greims Trust 
Fund. 

Hugh A. Edmondson, MD, University of Southern Califernia, interpreted 
the pathological material of the cystadenocarcinoma. 


Nonproprietary Name and 
Trademarks of Drug 


Technetium Tc 99m sulfur colloid—Colloscan-99m, Tesuloid kit. 
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Microcrystalline Collagen Used in 
Experimental Splenic Injury 


A New Surface Hemostatic Agent 


Leon Morgenstern, MD, Los Angeles 


Microcrystalline collagen hemostat (Avitene) is a new surface he- 
mostatic agent that is useful in the control of bleeding from the sur- 
faces of solid viscera. In this study its efficacy was studied in experi- 
mental splenic injuries produced in dogs. Surface hemostasis 
obtained with this material appeared more effective and reliable than 
with other traditional hemostatic agents (absorbable gelatin 
sponge). Within five minutes of application to a surface splenic in- 
jury, complete hemostasis was obtained in 50 instances. No delayed 
bleeding was observed in any of the experimental subjects, nor were 
there other untoward reactions such as infection or excessive adhe- 
sion formation. Microcrystalline collagen is absorbed within six 
weeks, with minimal tissue reaction. The material was used success- 
fully in one human case of iatrogenic splenic injury during a gastric 
procedure, averting splenectomy. No complications ensued. 


poer injury to the spleen is still an all too 
frequent occurrence during operations involving the 
left upper quadrant of the abdomen. The incidence of 
such injuries requiring splenectomy has been reported to 
range between 23% and 40%.' Although conservative man- 
agement of splenic injuries was reported frequently in 
early surgical literature,’ and sporadic reports of such 
management have appeared in more recent surgical liter- 
ature,*° splenectomy is still considered the operation of 
choice in even minor splenic trauma. 

There have been a variety of surface hemostatic agents 
studied and used in both experimental and human sub- 
jects for the control of surface splenic bleeding. These in- 
clude absorbable gelatin sponge,‘ absorbable gelatin 
sponge and thrombin, charged gold leaf,’ the cyan- 
oacrylate monomers,’ and collagen sponge.: None of these 
has proved completely reliable or effective. The purpose of 
this article is to describe a new surface hemostatic mate- 
rial, microcrystalline collagen hemostat (Avitene),’ its use 
in experimental splenic injuries, and successful appli- 
cation of such studies in one human case. 


Materials and Methods 


Microcrystalline Collagen Hemostat (Avitene).—Microcrystalline 
collagen hemostat is prepared from bovine hide collagen as a wa- 
ter insoluble partial salt of collagen, finally processed and prepared 
as microcrystals less than ly in diameter. The material is a flour- 
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like white substance, sterilized at 120 C for 28 hours, and supplied 
for animal or clinical use in 1-gm lots, packed in sterile glass, 
screw-cap, flat-bottom jars. Since the crystals adhere to each 
other, a suitable amount for application to a bleeding surface may 
be picked up by ordinary tissue forceps (Fig 1). A valuable prop- 
erty of the substance for hemostatic purposes is its affinity for 
wet surfaces, to which it quickly becomes adherent. It is a new 
drug, limited by federal law to investigational use. 

Experimental Splenic Injuries.—Fifteen mongrel dogs were 
anesthetized with pentobarbital sodium and laparotomy per- 
formed through a midline incision. The spleen was delivered into 
the wound and four types of experimental splenic injury were 
made: (1) Simple excision of a 1.5- to 2.0-em circular portion of su- 
perficial splenic parenchyma (simulating capsular tear with pa- 
renchymal avulsion). (2) Resection of either splenic pole, leaving a 
raw splenic parenchymal defect averaging 2.5 cm in widest diame- 
ter. (3) Partial transection or deep laceration of spleen, extending 
at least 2 to 3 cm into splenic parenchyma. (4) Complete transec- 
tion of spleen, in its midportion. 

All splenic injuries bled briskly. In the complete transections it 
was necessary to suture-ligate some of the larger arteries and 
veins by fine suture ligatures within the splenic parenchyma. In 
all other instances, application of Avitene alone was used for he- 
mostasis. 

Method of Application.—Avitene was applied to the bleeding 
splenic surface by a dry tissue forceps, using enough to cover the 
surface with a layer approximately 2 mm thick after compression. 
Application with forceps is simple since the crystals cling together 
as an aggregate and the desired amount can be picked up as a 
simple clump of material and applied directly to the bleeding sur- 
face. Immediately following application, pressure with a dry 
gauze sponge directly over the Avitene was applied for five min- 
utes. If on removal of the gauze some breakthrough bleeding was 
observed at any point, a small amount of Avitene was added over 
that point and pressure again applied for five minutes. In the ma- 
jority of cases, only one application was necessary. In about 15% 
of cases (mainly transection injuries), a second or additional appli- 
cation was required. 

An average of three or four injuries were made on each spleen, 
during which time the spleen was actively manipulated. The effi- 
cacy of Avitene adherence to previously injured sites was thus 
tested during the manipulation necessary in the handling of sub- 
sequent injuries. 

All dogs were observed for at least 24 hours, at which time half 
of the animals were reopened, under pentobarbital sodium anes- 
thesia, and examined for delayed bleeding or other untoward ef- 
fects of Avitene. The remainder of the animals were operated on 
again at varying intervals ranging from one week to 12 weeks, for 
study of the application sites. Specimens of the injury sites were 
taken in all cases for routine histological examination and in four 
instances for electron microscopical studies. 
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Fig 1.—Microcrystalline collagen held in ordinary tissue forceps, 
showimg crystals clinging together as aggregate. Desired amount 
may be picked up by forceps for application to bleeding surface. 


Results 


Bleeding from splenic injuries, made as described 
above, was effectively controlled in all cases by the appli- 
cation of Avitene to the bleeding surface. As already men- 
tioned, in approximately 15% of the cases more than one 
application was required. In all cases, however, hemostasis 
was complete. No instances of delayed bleeding were ob- 
served. An extremely favorable characteristic of the Avi- 
tene “patch” was its flexibility and reliability of ad- 
herence to the injury site, despite movement or shearing 
force applied to the site. This is in marked contrast to col- 
lagen patches applied with cyanoacrylate monomer, as de- 
scribed in a previous communication,’ which were brittle 
and easily dislodged with movement. Absorbable gelatin 
sponge patches also have a tendency to “slide” or become 
dislodged with movement. 

Gross tissue reaction was minimal, being limited to 
light omental or peritoneal adhesions to the injured sur- 
faces. There were no abscesses, hematomata, or gross evi- 
dence of intraperitoneal bleeding. No patches became dis- 
lodged. 

Histologic examination showed close apposition of the 
Avitene to the splenic parenchyma with minimal tissue 


Fig 2.—Intimate apposition of microcrystalline collagen (MCC) to splenic injury site. Splenic parenchyma, S; platelets, P; fibrin, F (uranyl 
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reactivity. At 24 hours there was a moderate leukocytic re- 
sponse in the underlying splenic parenchyma, with evi- 
dence of increased fibrin deposition and platelet aggrega- 
tion at the Avitene-splenic interface. Studies from one 
week to 12 weeks showed progressive absorption of the 
Avitene, with complete absorption evident from six to 12 
weeks. When only a thin layer was applied, absorption 
was complete by the earlier period. With larger amounts, 
absorption was delayed so that microcrystals of collagen 
could be identified for longer periods. 

In four animals, electron microscopical studies were per- 
formed on sections taken at treated injury sites five min- 
utes and 24 hours after application. Early deposition of fi- 
brin and increased platelet entrapment was evident in the 
interface between the injury and microcrystalline colla- 
gen patch. At 24 hours, the Avitene appears “fused” to the 
splenic surface, intercalated within all the interstices of 
the injured parenchyma (Fig 2). 


Report of Human Case 


A 59-year-old man was being subjected to vagotomy and hemi- 
gastrectomy for intractable chronic peptic ulcer disease. During 
the preliminary gastric manipulation necessary for the identi- 
fication of the vagus nerves, brisk bleeding was noted from the re- 
gion of the lower pole of the spleen. Investigation of the bleeding 
area revealed a 2.0-cm capsular avulsion on the medial aspect of 
the lower pole, at the site of attachment of a lieno-omental peri- 
toneal fold. Bleeding was estimated to be at least 5 ml/min and it 
did not respond to simple pressure with a warm, moist pack. Half 
a gram of Avitene was then applied to the bleeding site and pres- 
sure applied for five minutes. A second application of 0.25 gm was 
necessary at one border of the avulsion site to control residual 
minimal ooze. Hemostasis was complete after the second appli- 
cation. 

Following the completion of the vagotomy and hemi- 
gastrectomy, the injury site was again inspected. It was found 
that the lieno-omental peritoneal fold, which had produced the 
original injury but had not been divided, had stripped more cap- 
sule during subsequent operative manipulation and new bleeding 
was occurring from a raw area immediately adjacent to the first 
injury site. The peritoneal fold was divided. An additional 0.5 gm 
of Avitene was applied to the second bleeding site and again com- 
plete hemostasis was achieved. After observing the area for ten 
minutes, without demonstrable bleeding, adjacent omentum was 
allowed to fold over the injury site. The left upper quadrant was 
finally inspected at 20 minutes following final Avitene application, 
just prior to completion of the peritoneal closure. There was no 
bleeding. Transfusions were not required during the operative 
procedure. 

The patient’s postoperative course was uneventful, save for a 
fever to 38.9 C (102 F) (rectally) on the third postoperative day 
due to atelectasis. At no time was there evidence by examination 
of continued intraperitoneal bleeding, nor was there any signifi- 
cant change in the hemoglobin and hematocrit determinations. 
The patient was discharged on the eighth postoperative day. One 
month postoperatively he was completely asymptomatic and his 
hemoglobin and hematocrit values were normal. 


Comment 


As demonstrated in these experimental studies, Avitene 
is an effective, reliable surface hemostatic agent whose 
properties make it uniquely applicable to superficial 


46 Arch Surg/Vol 109, July 1974 


7 ’ 
É . 
al f x P T ’ dua , RY) 
` £ ta pa i Fir f 
be r > Pà p 
~ j x i E i 
. = b. « g 
4 F á E d š ; ` h A 
l = SS : ~ 
, n to 5 $ 





mes aa A 
Fig 3.—Microcrystalline collagen ( x 40) showing web-like inter- 
lacing fibers. After compression, spaces are eliminated, but pliabil- 
ity is retained. 
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splenic injuries. In this respect it seems superior to all 
other agents previously used, such as absorbable gelatin 
sponge, absorbable gelatin sponge with thrombin, oxidized 
regenerated cellulose, charged gold leaf, and the cyan- 
oacrylate monomers. Its superior properties are its ability 
to adhere to wet surfaces even in the presence of active 
bleeding, its pliability in the face of motion or manipula- 
tion, and its resistance to breakthrough bleeding. Micro- 
scopical and ultramicroscopical studies have demonstrated 
that the hemostatic properties of Avitene are primarily 
related to platelet entrapment and prompt fibrin deposi- 
tion. The web-like interlacing fibers of the micro- 
crystalline aggregates (Fig 3) retain enough elasticity 
even in the compressed state to maintain pliability. Micro- 
scopical studies have also shown that there is only min- 
imal tissue reactivity to the material in contrast to the 
intense inflammatory reaction observed with the cy- 
anoacrylate monomers. 

Animal studies with surface hemostatic agents, partic- 
ularly on the canine spleen, are not necessarily applicable 
to human procedures. Superior natural hemostasis and the 
presence of smooth muscle in the canine spleen both favor 
successful use of surface hemostatic agents in the dog. 
However, such studies are valuable in regard to tech- 
niques of application in humans, relative efficacy as com- 
pared with other agents, tissue reactivity, and ultimate 
fate of the substance at the application site. Meaningful 
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information rezarding efficacy and reliability as a surface 
hemostatic agent in human subjects can ultimately be 
gained only by its successful application in humans. The 
suecessful use of Avitene in one human subject as de- 
seribed in this article, averting splenectomy, is thus en- 
couraging. At present its use is being considered only in 
superficial capsular avulsions where bleeding does not cease 
spen-aneously, indicating that there has been some avul- 
sion of the underlying superficial splenic parenchyma. Use 
of any hemostatic agent known at this time, for deep 
spleric injuries, risks the dangers of continued intra- 
spleric bleeding, subcapsular hematoma, and delayed rup- 
ture. 

It s beyond the scope of this article to discuss in detail 
the incidence er mechanism of iatrogenic splenic injury. 
At the medica! center from which this report originates, 
the percentage of iatregenic injuries as the indication for 
splenectomy is 22.6% (53 of 235) of all splenectomies per- 
formed within a ten-year period (1963 to 1973). This is 
compatible with other reported series." The relative fre- 
quency of operations resulting in surgical trauma to the 
spleen is as fellows: gastric procedures, 22 (41.5%); left 
coleccomy, eigat (15%); left nephrectomy, seven (13.2%); 
vagocomy, five (9.4%); aortic aneurysmectomy, three 
(5.7%); hiatal herniorrhaphy, two (3.7%); miscellaneous, six 
(1L4%). Surgecns have generally not appreciated the sig- 
nificance of the peritoneal folds that are normally present 
betwzen the greater omentum and lower portion of spleen 
(liene-omental folds) ar between the stomach and upper 
pole region, beyond the vasa brevia (lienogastric folds). 
These have been studied and described by Lord and Gou- 
revitch.® It is traction en these folds during operative ma- 
nipulation in tne left upper quadrant that results in the 
capsular avulsions and superficial parenchymal tears that 
then eventuate in splenectomy. 

The well-knewn complications of splenectomy” are rea- 
son enough for avoiding splenectomy for incidental minor 
injary, if this ean be done safely. Moreover the full func- 
tions of this very large reticuloendothelial organ are in- 
completely understood, another reason for preserving the 


Arch 5urg/Vol 189, July 1974 


=. TIA 


spleen if possible. Finally, no patient likes to be told that 
his spleen was removed for trauma incidental to another 
procedure, whatever the surgeon may believe is the lack of 
importance of this organ. 

Since iatrogenic splenic injury still remains a signifi- 
cant clinical problem in need of a solution, studies such as 
those reported here should continue. Microcrystalline col- 
lagen shows promise of being an effective surface he- 
mostatic agent for superficial splenic injuries and merits 
further investigational use with the aim of averting need- 
less splenectomies for such injuries. 


The microcrystalline collagen used in this investigation was supplied as 
Avitene by Alcon Laboratories, Inc., Fort Worth, Tex. 
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Autologous '°I-Fibrinogen Uptake Test 


in the Detection and Management 


of Venous Thrombosis 


A Prospective Study 


Erich W. Pollak, MD; Milo M. Webber, MD: Wiley F. Barker, MD; 


Winona Victery, MS; Michael Cragin; Ewa Witt, Los Angeles 


The ‘**l-fibrinogen uptake test (FUT) was evaluated in a series of 
42 subjects to determine its ability to detect active venous throm- 
bosis. Included were patients with recent active thrombosis, patients 
with long-standing quiescent venous obstruction, and normal con- 
trols. 

In serial tests, increasing isotope uptake was found to occur only 
in patients with activé thrombophlebitis (P <.01). Consequently, this 
criterion can serve as an index of active thrombophlebitis. 

Five patients with known calf vein thrombosis had increasing FUT 
results at the upper thigh. Phlebography or technetium scans con- 
firmed propagation of the thrombosis. These results suggest a 
screening value for the FUT in suspected propagating thrombosis. If 
results are confirmed by subsequent phlebography, major therapeu- 
tic changes such as intensification of anticoagulation or venous in- 
terruptions can hopefully be made before potentially lethal pulmo- 
nary embolism occurs. 


he specificity and sensitivity of the ™I-fibrinogen 
uptake test (FUT) was assessed to determine its abil- 
ity to help identify active thrombosis in susceptible indi- 
viduals with no other signs, in patients with old throm- 
bosis, and in those with the thrombophlebitic syndrome. 
Because the FUT is noninvasive, it is well tolerated by 
the patient and can be performed in some patients in 
whom phlebography is contraindicated. The test has been 
used widely in foreign countries without reported compli- 
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cations.’ However, its use in the United States has been 
restricted because of the possibility of transmission of 
hepatitis by homologous fibrinogen. 


Materials and Methods 


Forty-two patients were selected for this investigation on the 
basis of history, physical examination, and findings by either the 
technetium Tc 99m albumin aggregated venous scan, by phlebog- 
raphy, or both. Subjects were classified into three groups: Group A 
(controls) comprised 12 volunteer subjects without venous throm- 
bosis. None had pulmonary embolism. Two had varicose veins, two 
had edema of the lower extremities, and one had a leg ulcer of 
traumatic origin. Group B comprised 14 patients with persistent 
long-standing venous thrombosis. Clinical examination at time of 
test and follow-up study of at least two months had not detected 
active thrombotic process in the extremities or recent pulmonary 
embolism. Two patients had persisting lower extremity edema, 
another had postphlebitic superficial varicosities, and one had a 
stasis premalleolar ulcer. Group C comprised 16 patients with clin- 
ically documented venous thrombosis of less than’72 hours’ dura- 
tion at the beginning of the study. Concomitant pulmonary embo- 
lism was detected in three of these patients. 

Serial FUTs were performed in all 42 patients over a period of 
seven to 30 days. Technetium Tc 99m albumin aggregated scans? 
were done in all but two patients who could not be injected for 
technical reasons. Phlebograms were performed in 12 patients. 

Only autologous fibrinogen was utilized in our study in conform- 
ity with the US ban on homologous fibrinogen. Samples of hepa- 
rinized blood were obtained from each patient, and the fibrinogen 
was isolated following the procedure of Roberts et al.° Three milli- 
grams of fibrinogen were radioiodinated with 100 microcuries of 
‘=I, using the iodine monochloride method of Bale et al,‘ and then 
precipitated again with ammonium sulfate to remove the unbound 
iodine. Ability of the labeled fibrinogen to clot and the amount of 
nonprotein bound activity present in each preparation were as- 
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Fig 1.—Norma! isotope uptake at level of lower extremities. Note 


C=creasing uptake at time of second count. Right and left leg counts 
ae represented by uninterrupted and interrupted lines, respectively. 
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Fig 3.—Long-standing venous obstruction. Positive result accord- 
iag to criteria 1 and 2. However, decreasing uptake at subsequent 
©unts indicates negative result according to criterion 3. 


sayed to assure satisfactery preparation. Each patient was then 
given intravenously his own labeled fibrinogen. Serial one-minute 
profile counts were made on a scaler over the midsternum and for 
aight positions approximately 10 cm apart in each leg. All counts 
were expressed as percertages of the sternal count. 

A result was considered to be positive when it satisfied one of 
the following eriteria at one or more positions’: (1) 15% increased 
uptake when eompared with the symmetric position on the oppo- 
site leg; (2) 15% increased uptake when compared with adjacent 
positions of the same leg; (3) increase in activity at the same posi- 
tion on subsequent days. | 


Results 
Results in all 42 patients are summarized in Table 1. 
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Fig 2.—Normal isotope uptake. Mean initial uptake of 24 lower ex- 
tremities without thrombosis, expressed as percent of sternal count 
(lower numerals) and standard deviations (upper numerals) for 
each of eight positions. 
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Fig 4.—Active thrombosis. Increased uptake at seventh day, with 
subsequent decrease thereafter. | 


Group A.—All 12 patients had serial decreasing uptake 
in all positions (criterion 3). Only one patient had positive 
uptake (criterion 1) at the level of a leg ulcer. The test was 
negative in patients with lower extremity edema and in 
those with varicose veins. 

Profile counts at the level of the right and left legs fol- 
lowed a very close pattern (Fig 1). The mean results for 
the 11 patients with a negative FUT formed a smooth de- 
creasing curve (Fig 2). Dispersion of the values, as re- 
flected by the standard deviations, increased from ankle 
to groin (7.2% at the ankle and 18% at the groin). 

Group B.—All 14 patients had a positive FUT. Nine sat- 
isfied the first and second criteria for positivity. Four pa- 
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Table 1.—Positive Results of the F UT 
According to Criteria 1, 2, and 3 











Criteria 
1 and 2 





Criterion 3 





Group B 
Group C 






tients satisfied only criterion 1, and one patient satisfied 
only criterion 2. None of the 14 patients satisfied criterion 
3, and subsequent determinations showed decreasing ac- 
tivity in all positions (Fig 3). 

The curves of uptake showed irregular accumulation of 
the isotope, pronounced right-to-left differences for sym- 
metric positions, or both. These irregularities tended to 
disappear over a period of two to seven days. Positive 
FUT results were obtained at the same positions as with 
phlebography or technetium Te 99m albumin aggregated 
scans. However, in two patients, transient positive FUT 
results were obtained at the level of calves with marked 
edema while thrombosis was suggested at a higher level 
by technetium Tc 99m albumin aggregated scan. Stasis ul- 
cers showed transient positive uptake. There was positive 
uptake in one patient with very pronounced varicose 
veins. However, after venous stripping, the positivity per- 
sisted at the same position as before, coinciding with the 
site of probable deep venous thrombosis shown in the 
technetium Tc 99m albumin aggregated scan. Moreover, 
the stripped varicose veins were counted, and no signifi- 
cant ‘I uptake was detected at the levels in question. 

Group C.—All 16 patients had positive FUT results and 
satisfied the third criterion of positivity. The increase in 
uptake after the first determination averaged 55% over 
basal values and ranged from 18% to 175% in calf vein 
thrombosis; in one patient with upper extremity throm- 
bosis, a 360% increase from the initial value was encoun- 
tered. 

Serial tests determined that increases of uptake per- 
sisted for more than a week in 73% of these patients, 
whereas only 14% of the patients had uptakes above initial 
levels after three weeks. 

In seven of the 16 patients with active calf vein throm- 
bosis, a progressive increase of FUT results was noticed at 
the groin area in two or more determinations. Phlebog- 
raphy or technetium Te 99m albumin aggregated venous 
scan confirmed the suspicion of iliofemoral vein throm- 
bosis in five of the seven patients. They could not be per- 
formed in the other two patients due to technical diffi- 
culties. In two of the seven patients, clinical signs of 
iliofemoral thrombosis subsequently developed. A third 
patient who initially did not have clinical signs of phle- 
bitis underwent stripping of varicose veins and developed 
massive postoperative leg edema requiring rehospitaliza- 
tion and anticoagulation therapy. Pronounced disability 
persisted after a seven-month follow-up examination. 


Comment 
I-Fibrinogen Uptake Test.-The FUT procedure is 
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Table 2.—Application of Criterion 3 as a Test 
for Active Thrombosis* 
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* P <.01 by Fisher exact test. 



















based on the assumption that the '*°]-fibrinogen mixes ho- 
mogeneously with the fibrinogen pool of the body® and is 
actively incorporated in a developing thrombus where it 
can be detected by an external scintillation gamma radia- 
tion counter’ or a rate meter. 

Since a 19% incidence of hepatitis has been reported in 
the United States after therapeutic use of pooled fibrino- 
gen," only fibrinogen prepared from the subject’s own 
blood was used in this study. 

There is general agreement that uptake of radioisotope- 
labeled fibrinogen by a clot occurs within 30 minutes’ to 
six hours” in both animals and humans." Positive accumu- 
lation within one hour of injection was detected in our 
series. By the seventh day, only 20% to 30% of the injected 
dose remained in the circulation.’? To account for this bio- 
logical degradation as well as for the radioactive decay 
(I half-life is 60 days), all measurements were expressed 
as percentages of activity measured concurrently over the 
midsternum. 

The method is so sensitive that 1 microcurie of ‘I ean 
be detected at a distance of 5 cm.!? Thrombi as small as 10 
mm X 1 mm or 7 mg of fibrin (corresponding to 1 ml of 
plasma) can be detected in the calf. Almost double that 
amount is required for detection in the thigh.” 

The test is considered by some invesitgators to be more 
accurate than impedance studies, Doppler flowmetry, or 
clinical examination," and its results are said by others to 
correlate with radiographic phlebography in 80% to 93% of 
instances of venous thrombosis in the calf segment,'*:!° 

It has been stated that interpretation of FUT results at 
the level of the upper thigh is questionable because of in- 
creased background radioactivity emanating from the 
large vessels and the urinary bladder. When only serial 
increase of uptake is considered as positive, results of the 
FUT tests become more significant. As stated before, 
phlebography and technetium scans confirmed extension 
of the thrombosis to the iliofemoral system as suggested 
by the FUT results in five of our patients. While we do not 
pretend to extract absolute conclusions from an experi- 
ence of five cases, we feel that these results strongly sug- 
gest the need of confirmatory phlebography when increas- 
ing FUT results are obtained in the upper thigh area, 
even in absence of clinical signs of iliofemoral thrombosis. 
When phlebography is contraindicated or impractical, 
technetium Tc 99m albumin aggregated venous seans may 
be used instead. 

Since the FUT detects the presence of fibrinogen or fi- 
brin in sites other than the venous system, false-positive 
results may be expected with rheumatoid arthritis," 
hematomas, exudative processes, wounds, tissue damage, 
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and recent operations. Mild swelling may not alter a re- 
sult, but gross swelling increases the background radia- 
tion and may cause changes.* Further, local changes of 
venous capacitance may determine radioactive pooling 
and give transient false-positive results* that reverse in 
24 to 48 hours. In our experience with patients with edema 
of the lower extremity, stasis ulcers, and large varicose 
veins, no increasing uptaxe was encountered in serial de- 
terminations at the level of these lesions, although single 
determinations showec increased uptake in relation to ad- 
jacent or contralateral positions. Consequently, these 
conditions did not interfere with the detection of active 
phlebitis, altheugh detaction of long-standing venous ob- 
struction was less reliable. 

The best results with the FUT were achieved after se- 
rial determinations, thus limiting indications for the test. 
It proved to be a very sensitive tool for screening special 
populations with high risk of thrombosis, for studying 
the natural history of deep venous thrombosis, and for 
evaluating results of prophylactic and therapeutic proce- 
dures. The FUT is also useful in distinguishing active 
thrembosis from long-standing venous thrombosis in pa- 
tients with questionable or absent clinical findings (Fig 4). 

Active Phlebitis.—The diagnosis of active phlebitis by the 
FUT is based øn the observation that thrombi older than 
11 days may net incorporate ‘°I-fibrinogen. Our results 
agree with those of Browse et al*' in that some patients 
with a history of long-standing thrombosis had “hot” 
points in comparison with adjacent or symmetric positions 
(criteria 1 and 2). However, in none of these patients did 
we find increasing serial uptake. On the other hand, all 
patients with known aczive thrombosis were positive with 
regard to all three criteria. Consequently, we believe that 
increasing uptake in serial counts at the same position 
represents the best criteria of active thrombosis (Table 2). 
Criteria 1 and 2may suggest a certain degree of thrombot- 
ic activity in the presence of the postphlebitic syndrome. 

Follow-up counts in patients with recent thrombosis re- 
veal that after several cays of increasing uptake, the iso- 
tope activity begins to decrease and tends to return to 
norma! values in subsequent counts. This occurs even 
without anticoagulation therapy, most likely as a result of 
spontaneous lysis of the thrombus. 

Proximal Progression ef the Thrombosis.—Although ma- 
jor thrombi may arise in the iliofemoral segment,” most 
thrombotic episedes begin in the small veins of the calf” 
or the veins of the foot.** Extension proximally from the 
calf eceurs in 20% of cases, and in half of these pulmonary 
embelism occurs.” 

Increasing proximal isotope activity may indicate 
propagating thrombosis (Fig 4) and should be an indica- 
tion for phlebography or technetium Tc 99m albumin ag- 
gregated clot localization studies. If results are con- 
firmatory, energetic anticoagulation therapy should be in- 
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_ stituted. If the patient is already receiving eptimal doses 


of anticoagulant, venous interruption should be consid- 
ered. 


This investigation was supported in part by Public Health Service grant 
5-R01-GM-17113-03 and contract AT (04-1) GEN-12 between the Atomic 
Energy Commission and the University of California. 
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Total Body Washout and 
Ex Vivo Liver Perfusion 


in Acute Hepatic Failure 


Ex vivo liver perfusion (EVLP) and total body washout (TBW) ap- 
pear to be the most promising of numerous methods advocated for 
the treatment of acute hepatic failure. The efficiency of these two 
methods to clear bilirubin was compared in jaundiced dogs. Six-hour 
EVLP was performed in five dogs (group 1) by perfusing the portal 
vein of the ex vivo liver with the recipient’s artery. Hepatic venous 
blood was returned to the recipient's vein by a pulsatile blood pump. 
Total body washout was performed in six dogs (group 2) using hy- 
pothermic cardiopulmonary bypass. All animals tolerated both proce- 
dures well. In group 1, serum bilirubin levels fell from 4.93 + 2.60 
(mean + SD) to 0.86 + 0.28 mg/100 ml, a clearance rate of 
78.38% + 10.36%. In group 2, bilirubin levels fell from 6.74 + 1.99 
to 0.54 + 0.32 mg/100 ml, a clearance rate of 91.62% + 5.59%. 
The serum bilirubin clearance rate of TBW was significantly higher 
(13.34%) than that of EVLP (.025> P> .01). 
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A Comparative Study 


Akio Wakabayashi, MD; Takuji Kubo, MD; Philip Gilman, MD; 
Kim Charney, MD; John E. Connolly, MD, Irvine, Calif 


hile acute hepatic failure may be caused by dif- 

ferent etiological factors, the course of the disease 
is similar and the outcome often fatal. However, because 
hepatic cells have the unique ability to regenerate rapidly, 
patients with acute hepatic failure might be salvaged if 
hepatic function could be artificially supported during the 
acute phases of the disease. 

Numerous methods have been employed to treat pa- 
tients with acute hepatic failure, and these are reviewed 
briefly here. Blood ammonium levels can be lowered with 
hemodialysis,' but this does not always result in clearing 
of the sensorium of comatose patients.’ Probably circulat- 
ing toxic substances are bound to plasma proteins and 
thus cannot be dialyzed. The successful clinical application 
of cation-exchange resin has been reported’ in the treat- 
ment of hepatic coma. However, subsequent studies showed 
that resin removed ammonia from the blood for only a 
short period and that its efficiency decreased rather rap- 
idly.‘ | 

Exchange blood transfusion?’ is probably the most com- 
monly employed technique in treating hepatic failure. An 
anteriovenous shunt similar to that employed for hemodi- 
alysis is created in the patient’s arm. Blood is drawn from 
the arterial side while the same amount of fresh donor 
whole blood is simultaneously transfused in the venous 
side. 
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Pirola et alë semmarized the reported cases of hepatic 
failure treated with exchange blood transfusion and 
found that 12 o° 34 patients were long-term survivors. 
McKeehnie and Hersh,’ however, reported only one long- 
term survivor in 19 patients treated by exchange transtfu- 
sion. This method, though technically simple, requires 
large amounts o donor blood. Plasmapheresis'’ has been 
recommended asa solution to this problem. After centri- 
fugation of the drawn blood, sedimented red blood cells 
are suspended im donor plasma and transfused back to the 
patient. Exehange transfusion and plasmapheresis, how- 
ever, lose their efficiency exponentially as the blood is 
dilated. 

The application of parabiotic cross circulation in the 
treatment of acate hepatic coma has also been investi- 
gated. Human volunteers or baboons were cross-perfused 
with patients ir hepatic coma.'*™ Although it was re- 
ported that a few patients so treated recovered from 
coma, the possibility of cross-infection hepatitis limits the 
use of human donors. Baboons, on the other hand, usually 
donot tolerate cross circulation with humans well and fre- 
quently die befare the completion of treatment. 

Auxiliary liver transplantation is another technique for 
the treatment of hepatie failure.™ Although some encour- 
aging experimental results have been reported, the re- 
suits of clinieal -rials have been poor." 

Disappointment with the clinical results of hemodialysis 
and exchange blood transfusion prompted us to search for 
a better techniqae for the treatment of acute hepatic fail- 
ure. We investigated two methods: ex vivo liver perfusion 
(EVLP) and total body washout (TBW). This study was, 
therefore, desigued to compare the efficiency of these two 
techniques by assessing their ability to clear serum bili- 
rubin in jaundiced dogs. 


Group 1: Ex Vivo Homologous Liver Perfusion 


Otto et al!” have shown that cross circulation with an ex 
vivo canine liver lowered the blood ammonia level in dogs 
with Eck fistulas. In 1965 Eiseman et al" reported eight 
patients in hepatic coma treated by ex vivo pig liver per- 

fusion. Although some patients awoke from coma during 
perfusion, all subsequently died. Stimulated by these re- 
ports, a number of investigators reported modified perfu- 
sien techniques or the use of various donor livers such as 
dags, "=! pigs,” = and calves.***"" The overall results of 
clinical trials using heterologous liver perfusion™™* were 
disappointing, and in spite of earlier enthusiasm it would 
appear that the use of this technique has declined in this 
country. It has been noted that the function of the extra- 
corporeal cross<irculated pig liver deteriorates rapidly, 
and it has beer postulated that this is caused by intra- 
vascular fibrino-d and lipoid deposits,” or platelet aggre- 
gation.” In a recent review of their clinical experience, 
Abouna et al*® "ound that the function of porcine livers 
employed for ez vivo perfusion deteriorated within sev- 
eral hours, whereas those of baboons or human cadavers 
maintained good function for over a day. Two long-term 
survivors treated by baboon liver perfusion was reported 
by these authors. They concluded that only the human or 
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baboon liver should be employed for EVLP. 

In this study, therefore, homologous liver grafts were 
employed. The use of an oxygenator, which was employed 
in the original technique of Kiseman, was eliminated from 
the circuit because of its possible deleterious effects on the 
liver." In order to prevent hemorrhagic problems in the 
recipient that frequently result in premature termination 
of EVLP,"**"2""2 a nonthrombogenic circuit not requir- 
ing anticoagulation was employed.’ 

Methods.—Donor.—Mongrel dogs were anesthetized with intra- 
venous pentobarbital sodium and respirations were controlled 
with a volume-regulated ventilator. A midline incision was made 
from the symphysis pubis to the xyphoid process. The inferior 
vena cava was dissected free above and below the remal veins. The 
portal vein was dissected free, and the splenic vein and gastro- 
duodenal vein were doubly ligated and divided. The common bile 
duct was transected and the proximal stump was cannulated for 
bile drainage. The incision was then extended from the xyphoid 
into the right side of the chest. The diaphragm was completely de- 
tached from the chest cage with careful control of hemostasis. The 
inferior vena cava was ligated above the hepatic vein and below 
the renal veins, the latter being transected and tied. The portal 
vein was doubly ligated and divided. The hepatic artery was tran- 
sected and tied. Both the inferior vena cava and the portal vein on 
the liver side were cannulated, and the liver was flushed with 21 C 
fluid containing 1,000 ml of normal saline, 3,000 units of heparin 
sodium, 4 ml of 1% lidocaine (Xylocaine) hydrochloride, and 30 
mEq of sodium bicarbonate. Then the liver was excised with the 
diaphragm, care being taken not to produce capsular tears by 
handling. 

Recipient.—Dogs that had undergone ligation of the common 
bile duct two to three weeks prior to the experiment were anesthe- 
tized with intravenously administered pentobarbital. Respirations 
were supported by a volume respirator. A femoral artery and vein 
were employed for pressure monitoring and hydration. The right 
common carotid artery was cannulated. 

Perfusion Technique.—Arterial blood was drawn from a carotid 
artery and infused into the portal vein of the liver graft by a 
roller pump. A pulsatile blood pump with porcine aortic valves“ 
and a heat exchanger were interposed between the inferior vena 
cava of the liver graft, and the femoral artery of the recipient. 
The pumping circuit and cannulas were coated with nonthrom- 
bogenic polyurethane-polyvinyl-graphite and primed with 700 ml 
of 5% dextrose in distilled water and 5 mEq of sodium bicarbon- 
ate. After all bubbles had been removed from the eircuit, EVLP 
was started. The liver graft was placed at the same level as the re- 
cipient, and the pulsatile pump was placed 30 cm below the recipi- 
ent. The roller pump output was adjusted to maintain normal por- 
tal vein pressure and the pulsatile pump was driven at 60 cycles 
per minute. No systemic anticoagulation was employed. The liver 
graft was suspended in a sterile container by the margins of the 
diaphragm so that the liver itself did not touch the container. This 
prevented laceration of the liver during perfusion. 

Base line serum bilirubin levels were determined by the method 
of Malloy and Evelyn,“ and thereafter hourly during the six-hour 
perfusion. After the EVLP had been completed, the cannulas were 
removed and the animals were observed for three days. 

During perfusion systemic arterial pressure, esophageal tem- 
perature, portal venous pressure (PVP), hepatic venous pressure 
(HVP) of the liver graft, bile flow from the liver graft, and pump 
flows were monitored. The vascular resistance (VE) of the liver 
graft was calculated by the formula VR=(PVP — HVP)/pump 
flow. The bilirubin clearance rate (BCR) was calculated by the for- 
mula BCR=[(SBo — SB,)/SBo] x 100%, where SB,=serum bili- 
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rubin level prior to treatment, and SB, = serum bilirubin level dur- 
ing treatment at “t’’ hours. 


Group 2: Total Body Washout 


Circulatory arrest by means of profound hypothermia 
has been extensively investigated by many researchers. 
Osteen and Klebanoff* applied this technique to facilitate 
TBW to treat patients with hepatic failure. Although the 
number of patients reported to date is still small, the early 
results* are encouraging. We have established our own 
technique of TBW based on personal experience with hy- 
pothermic circulatory arrest.“ This technique has been 
employed in the following animal experiments to test the 
efficiency of TBW to clear serum bilirubin in jaundiced 
dogs. 

Method.—Jaundiced dogs were placed on a ventilator as in 
group 1. After systemic heparinization (3 mg/kg), an external 
jugular and femoral vein were cannulated for venous drainage. A 
femoral artery was cannulated for arterial input. 

A bubble oxygenator primed with lactated Ringer solution and 
a heat exchanger were connected to the cannulas and total cardio- 
pulmonary bypass was commenced. The left ventricle was decom- 
pressed via a catheter placed retrograde into the ventricle f rom a 
` carotid artery. The muscle temperature was reduced at a rate of 1 
C per minute. When the muscle temperature reached 24 C, the 
pump was stopped and the animal was completely exsanguinated. 
Cold (21 C) lactated Ringer solution was then perfused into the ar- 
tery while the venous effluent was allowed to drain freely until the 
hematocrit reading of the effluent fell below 0.1%. During this 
washout procedure, no vital signs were noted. Then the animal 
was connected to a second pump oxygenator circuit primed with 
fresh homologous heparinized blood and rewarmed at a rate of 1C 
every three minutes. If ventricular fibrillation occurred, normal 
rhythm was effected by direct current counter shock. When the 














Bile, ml FE 4 6 










(Mean + SD) sre -8.60 





Table 1.—Ex Vivo Liver Perfusion * 


Experiment No. Control l hr 2hr 3hr 4hr 5hr 6hr 
SB, mg/100 ml 1.56 0.69 T 0.59 0.41 0.35 0.47 
Bile, ml . 2.5 2.5 5 4 3 3 
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y VR, units .036 0.190 0.160 0.155 0.112 0.100 0.052 
BCR, % oe 55.8 babs 62.18 73.72 77.56 69.87 
lax mg/100 ml 3.00 1.81 1.37 1.13 1.03 0.98 1.00 
eS ER ay ST O seep eaaerena ee ee ee A 


“|v units 0.13 0.13 0.10 
BCR, % eS 39.67 54.33 
SB, mg/100 mi 5.38 2.21 1.46 
= ml Ee 4 2 
3) VR, units 0.075 0.132 0.088 
BCR, % Th. 58.92 72.86 
SB, mg/100 mi 7.19 2.74 1.98 
Bile, ml ay 3 2 
4 VR, units 0.052 0.037 0.040 


Bile, ml 2:5 2 1 
P VR, units 0.120 0.142 0.155 
BCR, % ai A 55.39 49.13 
SB, mg/100 m! 4.93 + 210: 2.16:+ 
(Mean + SD) 2.60 1.00 1.14 
BCR,% 54.33 + 62.20 + 


muscle temperature reached 35 C, cardiopulmonary bypass was 
terminated. The animals were observed for three days after 
TBW. Serum bilirubin levels were determined before and after 
TBW as in group 1. 


Results 


All animals survived the observation period of three 
days and the experimental results are shown in Tables 1 
and 2. Baseline serum bilirubin levels in both groups were 
4.93 + 2.60 and 6.74+ 1.99 mg/100 ml, respectively, and 
the difference of 1.81 was statistically insignificant (Student 
t=1.27, P>.1). In group 1 serum bilirubin was cleared 
rapidly during the first hour of EVLP, but gradually the 
clearance rate slowed and reached a plateau after four 
hours (Fig 1 and 2). At the end of six hours of perfusion, 
serum bilirubin levels fell to 0.86 + 0.28 mg/100 ml (nor- 
mal values in dogs, 0.1 to 0.5), resulting in a serum bili- 
rubin clearance rate of 78.38%. 

In group 2 the average time required for TBW was one 
hour and 47 minutes. Immediately after TBW, serum bili- 
rubin levels had fallen to 0.56 + 0.32 mg/100 ml, resulting 
in clearance rate of 91.62%. 

The difference between the final serum bilirubin levels 
in both groups (1.33 mg/100 ml) was statistically insignifi- 
cant (t=1.79, .1> P> .5) but the difference in serum bili- 
rubin clearance rates (13.34%) was highly significant 
(t=2.56, .025> P> .01). 


Comment 


In a previous study we noted that common bile duct li- 
gation in dogs uniformly caused death within three to 
four weeks. Despite the fact that the jaundiced dogs in the 
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0.09 0.08 0.09 0.08 
62.23 65.67 67.33 66.67 
1.50 1.21 1.20 1.18 
2 1 2 6 
0.114 0.067 0.051 0.079 
72.12 77.51 77.70 78.01 
1.77 1.65 0.99 0.96 
3 7 5 6 
0.052 0.037 0.036 0.033 


BCR, % rs: 61.89 72.46 75.38 77.05 86.23 86.65 
SB, mg/100 ml 7.51 3.35 3.82 2.72 1.10 0.97 0.70 | 


1 1 1 1 
0.135 0.194 0.132 0.086 
63.78 85.35 87.08 90.68 
1.54 + 1.08 + 0.900 + 0.86 + 
0.79 0.45 0.32 0.28 
67:19-£ 76.86 + 79.18: 78.38 + 
6.18 7.18 8.02 10.36 





* Abbreviations: SB, serum bilirubin; VR, vascular resistance; BCR, bilirubin clearance rate. 
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Fig 1.—Serum bilirubin levels during six-hour ex vivo homologous 
liver perfusion in jaundiced dogs. Each bar represents one standard 
deviation. 
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present study appeared lethargic and weak, they all toler- 
ated both EVLP and TBW well. 

During six hours of ex vivo homologous liver perfusion, 
the vascular resistance of the perfused liver remained un- 
changed and continued to produce concentrated bile, indi- 
eating adequate perfusion. Our technique of EVLP is 
unique since anticoagulation is not required and pulsatile 
drainage of the hepatic veins of the liver graft is em- 
ployed. Pulsatile aepatic venous drainage maintained the 
integrity of the vascular tone of the perfused liver, pre- 
venting increased vascular resistance and decreased blood 
flow. Likewise, it was noted that perfusion flow rate and 
the vascular resistance of the liver graft could be regu- 
lated by adjustment of the pulsatile pump level. Once the 
flow rate was set it remained stable throughout the six- 
hour perfusion. 

After four hours of EVLP, serum bilirubin levels and 
serum bilirubin clearance rates approached a plateau, 
although bile flow rates remained constant. This was 
thought to be due to the fact that serum bilirubin levels 
were approaching normal levels (below 1.0 mg/100 ml) af- 
ter four hours of liver perfusion. 

The present study corfirmed that TBW was safe and ef- 
ficient in clearing plasma-bound toxic substances. In these 
experiments the blood of the patient dogs was discarded 
to simplify the procedure. However, in clinical practice the 
red blood cells of the patient could be recovered and re- 
turned after being centrifuged and washed, thus reducing 
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Fig 2.—Serum bilirubin clearance rate during six-hour ex vivo ho- 
mologous liver perfusion in jaundiced dogs. See text for formula 
used to calculate clearance rate. 


the requirement for fresh donor whole blooc. Both tech- 
niques can be initiated without major surgieal interven- 
tion. All cannulas can be inserted into blood vessels under 
local anesthesia. 

This study showed that both EVLP and TBW are 
equally safe in the treatment of liver failure, but TBW ap- 
pears to be more efficient and rapid in clearing circulating 
toxic substances than does EVLP. 
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Exsanguination-Transfusion: 
A New Therapeutic Measure in the Treatment of Severe Toxemias* 


1. The replacement of a considerable portion of an infant’s or young child’s blood is an operative 
procedure which can be carried out in any well equipped hospital. 

2. In cases of severe superficial burns, in which symptoms indicate a probable fatal result, ex- 
sanguination-transfusion has reduced the mortality from 100 to 50 per cent. Before the introduc- 
tion of this procedure, we had not seen cases of burn toxemia recover after the development of 


3. In erysipelas of the new-born, the mortality has been reduced from nearly 100 per cent to 50 
per cent, and in cases where the patients were from one month to twelve months of age, it has been 


4. In acute septic scarlet fever, the method seems to be of decided value in tiding the patient over 
the period of intense toxemia as well as in converting the case into one of the ordinary severe type. 

5. In acute intestinal intoxication, the adoption of exsanguination-transfusion has reduced the 
mortality by 20 to 25 per cent; this includes all cases admitted in an apparently moribund condition. 

6. The results in septicemia are, on the whole, somewhat disappointing. Although, in some, the 
response to treatment was most dramatic, in others, the benefit seemed to be slight and only tempo- 
rary. Especially was this the case in staphylococcus infection and in endocarditis. 

7. The subjects chosen for exsanguination-transfusion were suffering from conditions in which 
the mortality is extremely high. Any procedure, therefore, however radical, which may serve to re- 
duce the mortality by 25 to 50 per cent, is worthy of serious consideration. 
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How much has her rheumatoid arthritis improved? 
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Ring Size— measured in millimeters to evaluate Walking time— determined by the number of 
swelling of finger joints seconds required to walk 50 feet 
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Grip strength— measured in millimeters of Inflammation index — arrived at by ascribing 
mercury using a rolled sschygmomanometer cuff values of 1 to 4 to degree of pain, redness, swelling, 


tenderness, and presence of joint fluid; then 
totalling five parameters 


Ascriptin helps her get the most from aspirin therapy 


When you specify Ascriptin, you’re specifying Maalox®-protected aspirin. Ascriptin 
eases joint pain, stiffness and inflammation, while guarding against aspirin-induced 
gastric distress. That means your patient is more.likely to tolerate the high dosage 
level of aspirin recuired to reduce arthritic oy) 
inflammation. Thus. the patient will stay IN rheumatoid and osteoarthritis 
with an optimal dosage over an extended 

period, hopefully showing greater improve- 

ment. After all, if dosage is optimal, 

chances are that therapeutic benefits of | . 
Ascriptin will be, too. the Maalox” -protected aspirin 
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A unique view of the gallbladder, from the inside looking out, 
by means of a true-to-life plastic model. 


1. Artist's conception of cutaway view of gallbladder contain- 
ing stones which, by causing irritation of the organ’s interior 
wall and restricting biliary how: may play a role in the re- 
peated episodes of inflammation and infection associated 
with chronic cholecystitis. 

2. Artist's conception of microscopic section of gallbladder 
wall showing chronic state with superimposition of inflam- 
mation, edema and necrosis due to an acute episode. 








Of view 


Vibramycin (doxycycline) 
penetrates gallbladder tissue to 
reach susceptible pathogens 
Vibramycin can be useful in 
cholecystitis because it provides a wide 
antibacterial spectrum and therapeutic 


tissue concentrations? Vibramycin 
is active against susceptible strains 








[ Concentrations of oral Vibramycin in gallbladder tissue | Of bacteria 
removed from four surgical patients on a dosage of 


|200 mg. P.O. stat and 100 mg. P.O. once daily until surgery? | including Escherichia 























Patient Concentration in Tissue sy coli and E ntero- 
No. (meg./Gm.) mec ee is aS VER 
5.808 _bacter aerogenes 
: aes (formerly Aerobacter 
EAEE Se He Bae oe ___| aerogenes). 








1. Because not all strains of pathogens are susceptible, it is recommended 
that routine culture and susceptibility tests be performed. 

2. Fabre. J. et al.: Schweiz. Med. Wochenschr. 97:915, May 17, 1967 

3. Concentration in the bile taken simultaneously: 24.2 mcg./ml. 


VibramycinlV. 


(doxycycline hyclate for injection) 


100-mg. vials containing doxycycline hyclate equivalent 
to 100 mg. doxycycline with 480 mg. ascorbic acid 
200-mg. vials containing doxycycline hyclate equivalent 
to 200 mg. doxycycline with 960 mg. ascorbic acid 


Pfizer LABORATORIES DIVISION 
PFIZER IN( 








See Brief Summary on following page for information on side effects and contraindications. 


Penetrates tissue to reach 
susceptible pathogens... 
VibramycinlV. D 


(doxycycline hyclate for injection) 












100-mg. vials | ontainıng doxycycline hyclate equivalent 
to 100 mg e with 480 mga. ascorbic acid 


200-m4g. vials 


to 200 ma. doxycycline 


agoxycy¢ He 
containing doxycycline hyclate equivalent 


with 960 mg. ascorbic acid 


Important facts about 
Vibramycin (doxycycline) 


= can maintain therapeutic blood 
levels with a single daily infusion 


= can be used without complexities 
of dosage alteration in patients with 
impaired renal function 


= does not significantly elevate BUN 
in patients with renal insufficiency 


= virtually the same broad range 
of indications when switching from 
I.V. to oral form 


*Because not all strains of pathogens are susceptible, it is recommended that routine culture 
and susceptibility tests be performed. 


Vibramycin® Hyclate (doxycycline hyclate) and 
Vibramycin® I.V. (doxycycline hyclate for injection) 
BRIEF SUMMARY 


Contraindicated: In persons hypersensitive to any of the tetracyclines. 


nen 


sunlight or ultraviolet light can cause photosensitivity reactions. If these reactions 
(exaggerated sunburn) occur, discontinue therapy. Doxycycline forms a stable calcium 
complex in any bone-forming tissue. Fibula growth has been decreased in prematures given 
oral tetracyclines 25 mg./kg. q. 6 h., but this reaction was reversible when the drug 

was discontinued. 

The antianabolic action of the tetracyclines may cause an increase in BUN. Studies to date 
indicate that this does not occur to a significant degree with the use of Vibramycin in 
patients with impaired renal function. 

Vibramycin Intravenous has not been studied in pregnant patients. It should not be used 
in pregnant women unless, in the judgment of the physician, it is essential for the welfare of 
the patient. 

Animal studies indicate that tetracyclines cross the placenta, are found in fetal tissues and 
can have toxic effects on the developing fetus. Evidence of embryotoxicity has also been 
noted in animals treated early in pregnancy. 

The use of Vibramycin Intravenous in children under 8 years is not recommended because 
safe conditions for its use have not been established. 

Tetracyclines are present in the milk of lactating women who are taking a drug in this class. 


~ 





Precautions: Overgrowth of nonsusceptible organisms may occur, including fungi. If such 
superinfections are encountered, discontinue Vibramycin and institute appropriate therapy. 

In venereal disease when coexistent syphilis is suspected, a dark -field examination should 
be done before initiating therapy. Conduct monthly serological tests for at least 4 months. 

Because tetracyclines depress plasma prothrombin activity, patients on anticoagulant 
therapy may require downward adjustment of their anticoagulant dosage. 

In long-term therapy, conduct periodic laboratory evaluation of organ systems, including 
hematopoietic, renal and hepatic. 

Treat all Group A beta-hemolytic streptococcal infections for at least 10 days. 

Avoid giving doxycycline with penicillin because of possible interference with penicillin 
activity. 

Antacids containing aluminum, calcium, or magnesium impair absorption and should not 
be given concomitantly to patients taking oral Vibramycin. 


Adverse Reactions: Anorexia, nausea, vomiting, diarrhea, glossitis, dysphagia, enterocolitis, 
inflammatory lesions (with monilial overgrowth) in the anogenital region, maculopapular 
and erythematous rashes, exfoliative dermatitis, photosensitivity, urticaria, angioneurotic 
edema, anaphylaxis, anaphylactoid purpura, pericarditis, exacerbation of systemic lupus 
erythematosus, hemolytic anemia, thrombocytopenia, neutropenia and eosinophilia have 
been reported. Prolonged administration of tetracyclines may produce brown-black 
microscopic discoloration of thyroid glands. No abnormalities of thyroid function studies 

are known to occur. Bulging fontanels have been reported in young infants on therapeutic 
dosage but disappeared when the drug was discontinued. A dose-related rise in BUN has 
been reported. 


Oral Adult and Children’s Dosages: See the Vibramycin Oral package insert for 
recommended dosage schedules for adults and children. 


Intravenous Dosage and Administration: Note: Rapid administration is to be avoided. 
Parenteral therapy is indicated only when oral therapy is not indicated. Oral therapy should 
be instituted as soon as possible. If intravenous therapy is given over prolonged periods of 
time, thrombophlebitis may result. 

The usual dosage and frequency of administration of Vibramycin 1.V. (100-200 mg./day) 
differs from that of the other tetracyclines ( 1-2 Gm./day). Exceeding the recommended 
dosage may result in an increased incidence of side effects. 

Studies to date have indicated that Vibramycin, at the usual recommended doses, does not 
lead to excessive accumulation of the antibiotic in patients with renal impairment. 


Intravenous Adult Dosage: The usual dosage of Vibramycin I.V. is 200 mg. on the first day 
of treatment administered in one or two infusions. Subsequent daily dosage is 100 to 
200 mg. depending on the severity of infection, with 200 mg. administered in one or two 
infusions. 

In the treatment of primary and secondary syphilis, the recommended dosage is 300 mg. 
daily for at least 10 days. 


Intravenous Children’s Dosage: The recommended dosage schedule for children weighing 
100 pounds or less is 2 mg./|b. of body weight on the first day of treatment, administered in 
one or two infusions. Subsequent daily dosage is 1 to 2 mg./lb. of body weight given as one 
or two infusions, depending on the severity of the infection. For children over 100 pounds 
the usual adult dose should be used. (See “Warning” Section for Usage in Children.) 


General: The duration of infusion may vary with the dose (100 to 200 mg. per day), but is 
usually one to four hours. A recommended minimum infusion time for 100 mg. of a 

0.5 mg./ml. solution is one hour. Desired concentrations of the final solution should be 

0.2 mg./ml. to 0.5 mg./ml. Concentrations below 0.1 mg./ml. or above 1.0 mg./ml. are not 
recommended. Therapy should be continued for at least 24-48 hours after symptoms and 
fever have subsided. The therapeutic antibacterial serum activity will usually persist for 

24 hours following recommended dosage. 

Intravenous solutions should not be injected intramuscularly nor subcutaneously. Caution 
should be taken to avoid the inadvertent introduction of the intravenous solution into the 
adjacent soft tissue. 

More detailed professional information available on request. 
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Oncotic Normalization After 


Dilutional Bypass and Hypothermia 


Alan T. Marty, MID. Los Angeles; Alfonso M. Miyamoto, MD, Duarte, Calif; 4 


Max E. Weil, ML, Los Angeles; Peter A. Philips, MD, Duarte, Calif 


Low plasma oneotic pressure (COP) following dilutional cardio- 
pulmonary bypass DCB) may lead to pulmonary edema. As it is diffi- 
cult to normalize postbypass COP with concentrated albumin ther- 
apy, which itself causes pulmonary dysfunction, another method of 
hastening postbypass COP normalization was examined. Alveolar-ar- 
terial oxygen pressare gradients (A-aDO,) of 12 patients in whom hy- 
pothermically induced, complete COP normalization was achieved 
within 90 minutes ef DCB were compared with a previously reported 
normothermic, albumin-treated group in whom A-aDO, worsened by 
104 + 22 mm Hg @P <.01). No worsening of postbypass A-aDO, oc- 
curred in the hypothermic group. Furthermore, transthoracic imped- 
ance fe:l 7.9 ohms after DCB, suggesting that a rise in pulmonary 
water content neec not widen A-aDO, after DCB. Why hypothermia 
hastens postbypass oncotie normalization is uncertain. Possible 
mechanisms includ postbypass “cold diuresis,” water shifts out of 
the bloed, or intravascular translocation of interstitial protein. 


pooh albumia therapy may cause pulmonary 
dysfunctior’-* and does not normalize intraoperative 
plasma oncotic pressure after dilutional cardiopulmonary 
bypass.’ Because a persistently low oncotic pressure theo- 
retical_y and experimentally allows water to extravasate 
into the lung,* a method of normalizing oncotic pressure 


without resorting to aloumin therapy might avoid this — 


cause ef postbypass pulmonary dysfunction. 

To test this Fyvothesis, we studied oncotic pressure, 
transthoracic impedance, and alveolar-arterial oxygen 
pressure gradierts (A-aDO,) in patients undergoing hy- 
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pothermic, dilutional bypass. The hypothermic group was 
selected because hypothermia alone elevates oncotic pres- 
sure,’ and might thereby hasten oncotic normalization af- 
ter dilutional bypass. 


Materials and Methods 


Twelve patients, ages 21 to 60 years, were studied intraopera- 
tively. Two underwent aortocoronary bypass grafts, and ten had 
valve replacements or repairs. The duration of bypass ranged be- 
tween 20 and 120 minutes, and the pump prime consisted of 2,000 3 
ml of balanced electrolyte solution, 25 gm of dextrose, 50 gm of al- 7 
bumin, 20 units of insulin, and heparin. All patients were core- =| 
cooled down to between 25 to 28 C (77.0 to 82.4 F) prior to intracar- 
diac manipulation. They were then rewarmed to 32 or 34 C (89.6 or 
93.2 F) before decannulation. An average of 1,500 mi whole blood 
and 2,000 ml of crystalloid solutions were also given intraopera- 
tively. 

Serial oncotic pressure and thoracic impedance measurements 
were obtained, using previously described methods, at the times 
indicated in Fig 1.* Before the skin incision and just after skin 
closure (90 minutes after bypass), temperature-corrected A-aDO, 
gradients on 100% oxygen were also determined, using standard 
methods.* The patients were weighed prior to and immediately af- 
ter operation, using a portable bed scale. 

Anesthesia was induced intravenously with dreperidol and 
maintained with nitrous oxide, morphine sulfate, and curare. The = 
lungs were hyperinflated at intervals, and moderate tidal volumes : 
(8 to 10 ml/kg) were used at a rate of 15 per minute. Urine output a 
and its electrolyte concentration were also measured intraop- a 
eratively. 


7 


Results 


During bypass, mean oncotic pressure dropped 35%, 
from 18.0 + 0.6 to 11.7 +0.5 mm Hg (P<.01), and re- 
mained low, unaffected by hypothermia to 25 C (77.0 F) or 
rewarming to 32 to 35 C (89.6 to 95.0 F). Within 90 min- 
utes of cessation of bypass, when the chest was closed and = 
the body temperature was at 34 C (98.2 F), mean oncotic 2 
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COP, mm Hg 


Anesthetic 
Induction 


Fig 1.—Effect of dilutional cardiopulmonary bypass and hypothermia on plasma oncotic pressure (COP) (x= mean of each group). 


On Bypass 5 min 


pressure had normalized (18.3 + 0.6 mm Hg), as depicted 
in Fig 1. 

Intraoperative thoracic impedance decreased 3 ohms be- 
fore cardiopulmonary bypass, increased to preoperative 
levels during bypass, and then decreased again by a mean 
of 7.9 ohms following bypass (P<.01). When impedance 
and oncotic pressure were compared during and after by- 
pass, an inverse relationship between these factors was 
noted (Fig 2 and 3). 

Intraoperative urine output averaged 1,700 + 150 ml, 
postbypass urine sodium averaged 6 mEq/liter, and all pa- 
tients gained 1.4 to 3.2 kg (8 to 7 lb) intraoperatively. 
Mean A-aDO, before (182.8+ 41.8 mm Hg) and after 
(178.3 + 37.8 mm Hg) bypass did not differ significantly. 


Comment 


This article and the work of others who have studied se- 
rial serum protein concentrations in patients similar to 
ours,®? confirm that the combination of moderate hypother- 
mia and dilutional bypass hastens the normalization of 
postbypass plasma oncotic pressure. In contrast, intra- 
operative plasma oncotic pressure is difficult to normalize 
with concentrated albumin therapy.' Furthermore, con- 
centrated albumin therapy may itself cause pulmonary 


62 Arch Surg/Vol 109, July 1974 


Cool to 25 C 








Rewarm to 33 C 90 min After Bypass 


dysfunction.’* For example, in a previously reported 
group’ of 12 patients in whom 90% correction of post- 
bypass hypooncoticity was achieved with 134 gm of con- 
centrated albumin, A-aDO, worsened by 104 + 22 mm Hg 
by 90 minutes after bypass (P<.01). In the present study, 
in which 100% correction of postbypass hypooncoticity was 
achieved with hypothermia, no worsening of A-aDO, was 
observed after bypass. 

As pre- and postbypass plasma oncotic pressures were 
nearly the same in both of these groups, possibly the 
method of achieving oncotic normalization, rather than 
the level of oncotic pressure per se, is more relevant to the 
problem of pulmonary dysfunction. Certainly our data 
suggest that intraoperative use of concentrated albumin 
therapy does not exert a beneficial dehydrating effect on 
edematous lung. The chief risks of intraoperative concen- 
trated albumin therapy are that it “overalbuminizes” the 
interstitial space at a time when lymphatic clearance of 
the excess interstitial albumin is depressed.?* When com- 
pared to isoosmolar pump primes, hyperosmolar pump 
primes have also been shown to depress renal function and 
actually make skeletal muscle and erythrocytes more ede- 
matous.” 

Edema itself, however, does not always correlate with 
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Thoracic Impedance, Ohms 
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Fig 2.—Intraoperative thoracic impedance, temperature, plasma 
oncotic pressure (COP), and alveolar-arterial oxygen pressure 
gradients (A-aDO.s in patient who had mitral commissurotomy. 


organ dysfunctbr. For example, others have found no cor- 
relation betweea ehanges in pulmonary extravascular wa- 
ter content ane A-aDO," or pulmonary shunting.’ We 
also observed no change in A-aDO, before and after by- 
pass, despite a Sgnificant fall in transthoracic impedance. 
While it is true zhat besides pulmonary edema, pleural 
fluid and vaseuar overload have also been shown to de- 
crease thoracic mpedance,’ it is possible to estimate the 
relative contribations cf each of these factors in our pa- 
tients. For example, filling and emptying the pleura or 
pericardium wih 500 ml of normal saline lowered and 
raised thoracic mmpedanrce by less than 1 ohm, so that the 
magnitude of tae impedance fall (7.9 ohms) and the in- 
traoperative wa@ght gain suggest that considerable fluid 
retention occurr=c in the thoracic viscera of our patients. 
This fall in thoracic impedance also suggests a possible 
mechanism fer she rapid oncotic normalization after hy- 
pothermic dilutDral bypass: that protein-poor intravascu- 
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Time, hr 
Fig 3.—Intraoperative thoracic impedance, temperature, plasma 
oncotic pressure (COP), and alveolar-arterial oxygen pressure 
gradients (A-aDO,) in patient who had aortic valve replacement and 
mitral commissurotomy. 


lar fluid shifts into the interstitial or intracellular 
compartments. A similar suggestion has already been ad- 
vanced—based on the observation that active extrusion of 
sodium from cells may be reduced” as cellular metabolism 


= 
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is lowered during hypothermia—that hypothermia may be © 


associated with significant shifts in fluid between the ex- 
tracellular and intracellular compartments. Experimenta- 
lly, however, no increases in capillary filtration coeffi- 
cients have been observed with hypothermia,’ and similar 
weight gains are also observed after normothermic di- 
lutional bypass. 

Another possible mechanism of oncotic normalization is 
the large intraoperative urine output noted after hypo- 
thermic dilutional bypass, averaging three times that seen 
after normothermic dilutional bypass. Perhaps this “cold 
diuresis” causes a relative dehydration of the plasma. The 
mechanism for this cold diuresis is unclear, and does not 
seem to be due to transient tubular damage, as shown by 


Oncotic Normalization/Marty et al 63 


ae d 2 


the low urine sodium values. 

A third possible oncotic normalization mechanism, that 
hypothermia somehow redistributes the interstitial stores 
of protein into the vascular compartment, has been sug- 
gested by the work of Osteen and Klebanoff.* The fact 
that this oncotic normalization is maintained for several 
days (as it was in all of our patients in whom it was mea- 
sured) also suggests that the normal rate of transcapillary 
escape of protein may be altered. That is, perhaps once the 
protein shifts intravascularly, a generalized tightening of 
the normal capillary permeability to protein occurs. This 
possibility, that variations in microvascular permeability 
to protein are involved in transcapillary fluid distribution, 


has also been suggested by the experiments of Wraight™ 
and Zollinger.*® 


This investigation was supported in part by Public Health Service re- 
search grants HL-05570 from the National Heart and Lung Institute, GM- 
16462 from the National Institute of General Medical Sciences, and HS- 
00238 from the National Center for Health Services Research and Develop- 
ment, Health Services and Mental Health Association, and the Parker B. 
Francis Foundation. 
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Editorial Comment 


This article raises the basic question: does a man without red 
cells or oncotic pressure represent a feasible physiological tres- 
pass? Accident and overt action have demonstrated that man can 
tolerate brief episodes of profound hemodilution without the ap- 
pearance of profound pulmonary edema or damage from in- 
sufficient “oxygen transport” as long as an adequate intravascular 
volume is maintained. What is an “adequate” red cell mass for 
man at rest? We do not know; it is likely to be less than the 
amount required for exercise. What does “oxygen transport” 
mean? Since every major organ has complex mechanisms for 
regulation of regional blood fiow, then the physiological relevance 
of the product between cardiac output and cardiac index is ques- 
tionable at best. Consider oncotic pressure. Is it evident that it 
matters whether we lower it during extracorporeal circulation? 
Probably not, since we are not flooded with reports of severe pul- 
monary edema in Jehovah’s Witnesses in whom open heart sur- 
gery has been performed without the benefit of blood or blood 
products. 

The article by Marty et al suggests that homeostatic mecha- 
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nisms are sufficiently effective to normalize rapidly oncotic pres- 
sure following extracorporeal circulation. The data are most inter- 
esting; however, stronger support could have been provided from 
a randomized study and the omission of commercial protein from 
the bypass prime. 

Although it makes good sense to emulate levels of normality un- 
der these extreme conditions, it is also possible that such rigid ad- 
herence to tradition may be physiologically harmful. After all, na- 
ture did not intend us to oxygenate the sick by bubbling blood 
through plastic bags or cool the bodies of babes halfway to freez- 
ing. 

We trespass daringly and with phenomenal success. To con- 
tinue, we must fashion an understanding of physiological and bio- 
chemical mechanisms unfettered by tradition, directed by the 
courage of our convictions, and guided by an intellectual honesty 
willing to recognize the beauty of simplicity. 

Myron B. Laver, MD 
Boston 
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Gastric Histamine Metabolism After 


Acute Pyloric Ligation in the Shay Rat 


Columbus D. McAlpin, MD Thomas C. Moore, MD; 
Carlos A. E. Lemmi, MA, kos Angeles 


F. 


ra + 

Acute pyloric ligation in the rat (Shay rat preparation) has been 
found to increase both gastric histamine formation from histidine 
decarboxylase (HDC) enzyme activity and total cellular histamine 
content of these storrachs. ~he peak elevation in gastric HDC activ- 
ity (twelve-fold) and in gastsic cellular histamine content (two-fold) 
occurred four hours postligztion, with return to essentially normal 
levels for both by 24 hours 2ostligation. This period of peak eleva- 
tions was the approximate time of peak increases in gastric secretion 
in volume and acidity observed by others in the Shay rat. In the inter- 
val between four and 24 hours, gastric HDC remained somewhat ele- 
vated above normal levels aad gastric histamine concentration was 
somewhat depressed below normal levels. Subcellular gastric con- 
centrations of histamine were increased in the mitochondrial and su- 
pernatant fraction, decreased in the microsomal fraction, and un- 
changed in the nuclear fracton. 


> jk Shay et al in 1945 succeeded in producing ex- 

perimental ulcers im the rat stomach by simple pyloric 
ligation,' this experimerta. model has been used by many 
investigators in the stucy of the peptic ulcerative process. 
This model also has proved to be useful for the study of 
factors that affect gastric secretion. 

Pyloric ligation :n the rat has been found to be a potent 
stimulator of gastric seeretion, and this appears to be a 
major factor in the pept& ulceration of the stomach that is 
found in the Shay rat preparation. Measures such as va- 
gotomy that decrease the levels of gastric secretion in vol- 
ume and acidity in the Snay rat have been observed to re- 
duce the incidence of ulcer formation.’ Kahlson and 
associates have found that histidine decarboxylase (HDC), 
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the histamine-forming enzyme, plays an important role in 
gastric secretion in rats.’ It is stimulated most strongly by 
gastrin and by the refeeding of unfed rats. Its activity 
also is stimulated by gastric distention. It is decreased by 
vagotomy. 

The present study was carried out to determine the ef- 
fect of acute pyloric ligation in the Shay rat preparation 
on the levels of gastric histamine formation frem HDC ac- 
tivity and on the cellular and subcellular concentrations of 
histamine in the stomach at intervals following the acute 
ligation. 


Materials and Methods 


Male, inbred Lewis rats that weighed approximately 200 gm 
were used. The animals were placed in individual metabolic cages 
and were fasted for 24 hours without access to food or water. We 
have found that this produces a consistently low level of gastric 
HDC activity with little variation in levels from animal to animal.’ 
Marked variations in gastric HDC levels have been found by us in 
rats given free access to food.’ This also has been observed by 
Kahlson and associates.’ 

Laparotomy was performed through a midline incision of ap- 
proximately 3 cm under light ether anesthesia. The pylorus was 
mobilized with care and occluded with a 4-0 silk ligature at the 
pyloric sphincter in the manner described by Shay et al.' Injury to 
the area of the gastroduodenal artery and unnecessary manipula- 
tion of the stomach were avoided. The incision was closed in two 
layers with 3-0 silk sutures. 

Four animals were killed at each of five postligation periods: 4, 
8, 12, 16, and 24 hours. The stomachs were entirely removed and 
divided in half longitudinally. Each half was weighed. One half 
was quick-frozen in a dry ice-acetone mixture and stored at — 87 C 
in an ultradeep-freezer for later HDC assay by the “C radio- 
isotope method of Schayer.* This method involves the incubation 
of '*C-histidine and pyridoxal 5-phosphate with a known weight of 
tissue for a three-hour period at 37 C under nitrogen in a meta- 
bolic incubator. The “C-histamine produced is converted to ben- 
zenesulfonyl histamine (BSH). The BSH is purified by repeated 
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Fig 1.—Levels of gastric histidine decarboxylase (HDC) enzyme 


activity at various intervals postacute pyloric ligation in Shay rat 
preparation. 


Fig 2.—Total gastric cellular concentrations of histamine at vari- 
ous intervals after acute pyloric ligation in Shay rat preparation. 


crystalizations over a five-day period. The activity of the HDC, 
corrected for tissue blank, background activity, and recovery of 
BSH, is calculated as disintegrations per minute per 100 mg BSH 
per gram of tissue and is expressed as disintegrations per minute 
per gram of tissue. 

The other half was assayed in the fresh condition for cellular 
and subcellular concentrations of histamine. The section of stom- 
ach was weighed and homogenized in ice-cold 0.32 M sucrose. One 
milliliter of this homogenate was used for total cellular concentra- 
tion of histamine. Another 2 ml of the homogenate was used for 
the subcellular assay. Centrifugation for subcellular fractions for 
histamine analysis was by a modification of the technique of 
Young and associates.’ This 2 ml was centrifuged for ten minutes 
at 3,000 rpm in high speed refrigerated centrifuge. The precipi- 
tate of this centrifugation was considered the nuclear fraction. 
The supernatant was centrifuged for 35 minutes at 12,000 rpm, 
and the precipitate of this centrifugation was regarded as the 
mitochondrial fraction. Centrifugation of this supernatant at 
35,000 rpm for one hour in an ultracentrifuge produced a micro- 
somal precipitate and a supernatant that represented the rest of 
the cell. Assay of the cellular and subcellular fractions for hista- 
mine concentration was by the butyl alcohol extraction fluores- 
cence method of Shore et al.: 

The majority of rats had developed gastric ulcers by 16 hours 


postpyloric ligation. 


Results 


The levels of gastric HDC activity at the five post- 
_ ligation periods (4, 8, 12, 16, and 24 hours) for the four rats 
killed at each postligation period are shown in Fig 1. A 
marked early rise in HDC activity occurred with an ap- 
proximate twelve-fold increase above normal levels at 
four hours postligation. Normal values for gastric HDC 
activity had been determined in five rats that had been 
fasted for 24 hours with no access to water. Four- and 
eight-hour mean levels of gastric HDC activity were sig- 
nificantly elevated above normal mean levels (P<.0002 
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and P<.005) as was the 16-hour level (P<.01). By 24 hours 
postligation, the mean gastric HDC level had returned al- 
most to that of the normal control rats. 

Total cellular concentration of histamine (micrograms 
per gram of stomach) was increased above normal control 
mean levels only at four hours postligation (Fig 2). At this 
time the concentration had approximately doubled from 
the control level of 5.09ug/gm + 1.07ug/gm to 11.38ug/ 
gm + 2.19ug/gm (P<.05). 

There was 23.4% of cellular histamine in the nucleus in 
the normal control stomachs. It remained essentially at 
this level at four, eight, and 24 hours postligation. It was 
20.3% at 12 hours and 34% at 16 hours. The mean mito- 
chondrial percent of histamine in the control stomach was 
7.7%. Mitochondrial percents were elevated at the various 
postligation intervals. They were highest at four hours 
(12.1%) and 12 hours (14.2%). The microsomal fraction 
mean was 28.0% in control stomachs. This had decreased to 
11.8% at four hours. It was 9.8% at eight hours, 8.1% at 12 
hours, and 15.9% at 16 hours. By 24 hours postligation, the 
microsomal mean had returned to normal levels at 25.5%. 
The mean level of cellular histamine in the supernatant 
fraction was 40.8% in the normal stomach. This increased 
to 51.1% at four hours, 54.0% at eight hours, and 57.4% at 
12 hours. By 16 and 24 hours the mean in the supernatant 
had returned to the normal levels of 39.0% and 41.5%. 


Comment 


The findings of this study revealed a marked elevation 
in gastric HDC activity in the postpyloric ligation period 
in the Shay rat preparation with the peak elevation (six- 
teen-fold) at four hours postligation. Total cellular hista- 
mine concentration was elevated (two-fold) only at the 
four hour postligation interval. The subcellular distribu- 
tion of histamine was relatively unchanged in the nucleus. 
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It was decreased in the microsomal fraction and increased 
in the mitochondrial and supernatant fractions. By 24 
hours postligation, supernatant and microsomal percents 
of tetal cellular histamine had returned to essentially nor- 
mal levels and that of the mitochondrial fraction re- 
mained mildly elevated. 

The peak elevations ir whole stomach HDC activity and 
in total cellular histamine concentrations at four hours 
postpyloric ligation in this study are of interest when 
compared with the studies of Donald and Code? in which 
gastric secretion in the Shay rat was found to reach its 
peak im volume and acidity at four hours postligation. An 
earlier peak in gastric secretion was found by Brodie at 
one to two hours postligation.’® Gastric ulcers in the stud- 
ies of Shay et al did not occur until after the four-hour 
postligation period. 

The acute ligation of the pylorus produced a maxium 
four-hour response in both gastric HDC and gastric hista- 
mine content. After the four-hour interval following py- 
loric ligation, there was in inverse relationship between 
gastric HDC and gastric histamine, with some elevation 
in HDC and some depression in histamine from normal 
levels. Kahlson and associates’ have suggested a feedback 
control effect of histamine on gastric HDC activity, with 
low histamine levels often associated with high HDC lev- 
els ard vice versa. 

The above observations are of interest also with respect 
to a consideration of the final common pathway of stimu- 
lus to gastrie secretion (histamine, gastrin, or some other 
substance). The findings of Schwartz and associates" are 


of interest in this area. They reported in 1969 that the 
parenteral administration of histamine blocked the stimu- 
latory effect of gastrin on gastric HDC activity. Recent 
observations by Black and associates” also suggest an im- 
portant role for histamine in gastric secretion. They have 
found that burimamide, a specific competitive antagonist 
of gastric histamine H,-receptors, substantially inhibited 
the gastric-stimulating effects in rats of both histamine 
and pentagastrin. There was no effect of this drug on the 
stimulating effect on gastric secretion of vagal stimula- 
tion. It would appear from these observations that the 
Shay rat model may provide a useful experimental ap- 
proach to the study of the relative roles of histamine, gas- 


trin, vagotomy, and histamine H,-receptor inhibitors on 


gastric secretion and HDC activity. 

From the findings of this and other studies with the 
Shay rat preparation, it appears that the increases in gas- 
tric HDC activity and histamine content are related tem- 
porally to the increases in gastric secretion in volume and 
acidity that have been found to occur and that appear be- 
fore the occurrence of peptic ulceration. The increases in 
the mitochondrial and supernatant subcellular concentra- 
tions of histamine in the early postligation period suggest 
that these subcellular components may be of importance 
in the changes observed following acute ligation of the py- 
lorus in the rat. 


This investigation was supported by NIH grant AM-10373 and the John 
A. Hartford Foundation. 
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Osteomyelitis Appearing as Neoplasms 


A Diagnostic Problem 


Miguel E. Cabanela, MD; Franklin H. Sim, MD; John W. Beabout, MD; 


David C. Dahlin, MD, Rochester, Minn 


Twenty-three patients with subacute or chronic osteomyelitis in 
whom the differential diagnosis between osteomyelitis and bone tu- 
mor was difficult were selected for presentation from a group of pa- 
tients seen at Mayo Clinic between 1953 and 1972. Two thirds of the 
patients were in the younger age groups, and two thirds of the le- 
sions were in the long bones of the lower extremities. The most com- 
mon tumor suspected was Ewing sarcoma, followed by osteogenic 
sarcoma. Other suspected neoplasms were reticulum cell sarcoma, 
leukemia, osteoid osteoma, benign cyst, and chondromyxoid fi- 
broma. Seven illustrative cases are presented. The bést clinical 
method for establishing the correct diagnosis was the taking and re- 
taking of a careful history. Treatment should never be instituted 
without a biopsy examination that includes an adequate amount of 
periosteum, cortical bone, and medullary tissue. A needle biopsy ex- 
amination may hot provide these. 


Poan lesions can mimic bone neoplasms. 
Isolated cases in which inflammatory lesions of bone 
have appeared clinically or roentgenographically (or both) 
as neoplasms have been reported.'-? Unnecessary amputa- 
tion has been performed.* Since the advent of antibiotics, 
more cases of aborted acute osteomyelitis with roentgen- 
ographic features that resemble those of bone tumors 
have been reported. In cases of malignant bone tumors, 
adequate treatment may be delayed because of an errone- 
ous diagnosis of osteomyelitis. 

The clinical and roentgenographic diagnosis of bone le- 
sions remains a most difficult problem, and very often the 
diagnosis can be made only after careful study of the his- 
tologic features of the lesions,’ 

The present series includes patients seen at the Mayo 
Clinie whose diagnosis was questionable on clinical and 
roentgenologic grounds and who later were proved by his- 
tologic study of biopsy specimens to have inflammatory le- 
sions of bone. The series does not include all patients who 
had osteomyelitis mimicking neoplasm, because such a 
series would be difficult, if not impossible, to obtain. We 
believe that the review of a few selected cases emphasizes 
how important the clinical history, laboratory investiga- 
tions, and roentgenographie interpretations are in the 
diagnosis of these difficult problems. 
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Data and Comments 


The 23 patients (15 males and eight females) included in this re- 
port were seen at the Mayo Clinic between 1953 and 1972. Two 
thirds of the patients were in the younger age groups (1 to 10 
years, nine; 11 to 20 years, 7; 21 to 30 years, 4; over 30 years, 3), 
and two thirds of the lesions were in the long bones of the lower 
extremities (tibia, eight; femur, six; humerus, three; spinal col- 
umn, three; scapula, one; ischium, one; fibula, one). Osteomyelitis 
can mimic any tumor, although Ewing sarcoma is the most com- 
monly suspected neoplasm. Osteogenic sarcoma, especially of the 
sclerosing type, was also considered in the differential diagnosis. 
Other suspected neoplasms were reticulum cell sarcoma, leukemia, 
osteoid osteoma, benign cyst, and chondromyxoid fibroma. 


Report of Representative Cases 


CASE 1.—A 45-year-old man came to the Mayo Clinic because for 
two months he had pain in the middle of his back. The pain had 
started suddenly while he was lifting a tire. The pain was in the 
right lower rib margin and extended backward along the ribs to 
the spinal column. It was severe for the first ten days, after which 
it subsided, leaving the patient with a steady ache in the right 
middorsal region. The pain was aggravated by walking, by raising 
the arms to shave, and by coughing or sneezing. There was no 
muscle weakness, paresthesia, or sphincter trouble. Examination 
revealed a tall, pallid but afebrile man who walked in a guarded 
manner and with obvious pain. He had exquisite tenderness local- 
ized to the right of T-8. Results of the neurologic examination 
were unremarkable. Laboratory examinations yielded normal val- 
ues for hemoglobin and the leukocyte and differential counts. The 
sedimentation rate was elevated to 54 mm in one hour, and protein 
and electrophoresis showed elevation of globulins (especially y- 
globulin) but no monoclonal spike. A bone marrow study was non- 
diagnostic. The alkaline phosphatase level was normal, as was the 
urine. Roentgenographic examination of the dorsal spinal column 
(Fig 1, left) revealed destruction of the inferior right cortical mar- 
gin of T-8, with an associated paravertebral mass. Tomograms of 
this region verified the presence of a destructive lesion (Fig 1, 
right). A bone scan using radioactive strontium (“Sr) revealed a 
minute amount of increased activity in the same region. A costo- 
transversectomy and open biopsy examination of the lesion were 
carried out. The pathologic diagnosis was acute and subacute os- 
teomyelitis. 

Comment.—The age of the patient, the clinical and labo- 
ratory features, and the roentgenographic appearance of 
the lesion were consistent with both osteomyelitis and 
malignancy, especially metastatic carcinoma, a solitary 
plasmacytoma, or a lymphoma, and a biopsy examination 
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Fig 1.—Fatient 1. Left, Localized anteroposterior view of T-8. Note loss of inferior right cortical margin of T-8 and associ- 
ated paravertebral mass. Right, Tomogram of same area. Destructive lesion involves inferior aspect of body of T-8, but not 
of vertebre below. Intervertebral space is not narrowed. This makes possibility of disk space infection unlikely. 


Fig 2.—Patient 2. Internal (left) and external (right) rotation views of left humerus. Marked lamellar periosteal new bone 
formation with destructive lesion in diaphysis. 
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Fig 3.—Patient 3. Anteroposterior (left) and lateral (right) roent- 
genograms of right leg. Incomplete healing of pathologic fracture of 
distal third of tibia, with subperiosteal new bone formation. 


was essential to establish the diagnosis. Harris and Kir- 
kaldy-Willis® pointed out that osteomyelitis of the spinal 
column occurs more commonly in adults than in children 
and that its diagnosis is difficult and often delayed. 


CASE 2.—A 4-year-old boy was admitted with a 3'-week history 
of pain in his left arm. The pain was more severe at night. His 
temperature had been elevated to 39 C (102.2 F), and he had been 
given antibiotics for 242 weeks at another hospital. On admission, 
his temperature was normal and he had normal motion of both 
arms. He had no tenderness of the humerus but had a circum- 
ferential swelling of the proximal half of the humerus, with an in- 
creased local temperature. There was no axillary lymphadenopa- 
thy and no systemic signs. Laboratory values were within normal 
limits, except for an elevation of the sedimentation rate to 81 mm 
in one hour. Roentgenograms on admission (Fig 2) showed a large, 
ill-defined lytic lesion in the proximal part of the diaphysis of the 
humerus. There was fusiform enlargement of the proximal part of 
the diaphysis of the humerus caused by a severe periosteal reac- 
tion that produced an “‘onion-skin” appearance suggestive of Ew- 
ing sarcoma. Biopsy examination of the lesion confirmed acute 
and subacute osteomyelitis. 


Comment.—This case emphasizes the importance of a 
well-taken history. Although osteomyelitis was consid- 
ered, the clinical history, laboratory data, and roentgen- 
ographic appearance of the diaphysial lesion were sugges- 
tive of Ewing sarcoma. McCormack et al,’ in a review of 
this tumor, reported that 17 of 24 patients had their tu- 
mors diagnosed as osteomyelitis. However, our insistent 
questioning of the mother of the patient in case 2 revealed 
that the child had a history of drainage from the hand 
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Fig 4.—Patient 4. Anteroposterior (left) and lateral (right) roent- 
genograms of left femur. Small, radiolucent defect in posterior cor- 
tex of midfemoral shaft, with surrounding sclerosis. Periosteal reac- 
tion medially. 


Fig 5.—Patient 5. Anteroposterior (left) and lateral (right) roent- 
genograms of right knee. Large, lucent lesion in tibial metaphysis. 
Lesion does not cross epiphysial plate. 





that had necessitated surgery when the child was 3 years 
old; thus, the suspicion of osteomyelitis was increased 
prior to biopsy examination. 

CASE 3.—A 13-year-old boy was hit by a baseball in the lower 
part of the leg several months prior to his being seen at the Mayo 
Clinic. He had had no treatment and had continued to walk al- 
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Fig 6.—Patient 6. Fusiform enlargement of midshaft of right fe- 
mur. Note suggestion of bone sequestrum. 


Fig 7.—Patient 7. Anteroposterior (left) and oblique (right) roent- 
genograms of left femur. E tensive destruction of shaft of femur, 
with no evidence of sequestration. Note loss of normal Soft tissue 
planes (left) suggestive of cSteomyelitis. 
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though he complained of pain. He had had an intermittent fever 
that was as high as 38.5 C (101.3 F). Finally, he was seen by an or- 
thopedic surgeon, who thought there was a possible pathologic 
fracture. The temperature subsided, but the pain and swelling 
persisted to a lesser degree. Examination revealed swelling and 
brawny induration of the distal part of the boy’s right leg. His 
pulses were normal, and there was no lymphadenopathy. Roent- 
genograms of the leg (Fig 3) showed incomplete healing of a path- 
ologic fracture of the distal third of the tibia, with subperiosteal 
layers of new bone suggestive of Ewing sarcoma. A bone scan 
with “Sr was normal. A chest roentgenogram and metastatic bone 
survey were also normal. Laboratory studies revealed normal he- 
moglobin level, leukocyte count, and differential count. The sedi- 
mentation rate was 75 mm in one hour, and the alkaline phospha- 
tase value was 135 King-Armstrong units. Biopsy examination 
showed subacute and chronic osteomyelitis. 

Comment.—In this case, an infection of bone was not 
considered in the differential diagnosis. Both this and the 
previous case are good examples of the difficulties that the 
clinician faces when trying to establish a clinical diagnosis 
of Ewing sarcoma. 

CASE 4.—A 10-year-old boy had a history of intermittent left 
midthigh pain of one year’s duration. The pain was aching, aggra- 
vated by activity, and worse at night. Aspirin provided some re- 
lief. Clinical examination and laboratory studies revealed no ab- 
normalities. Roentgenograms of the left femur (Fig 4) revealed a 
small, radiolucent area in the posterior cortex of the midfemoral 
shaft that was surrounded by a halo of sclerosis. Subperiosteal 
new bone formation was present. Biopsy examination confirmed 
subacute, chronic osteomyelitis. 

Comment.—This case had roentgenographic features 
consistent with either a Brodie abscess (small diaphysial 
abscess) or an osteoid osteoma. As in the previous cases, 
histologic examination was necessary to establish the 
diagnosis. 

Case 5.—A 16-year-old boy came to the Mayo Clinic with a four- 
year history of right leg pain after a contusion to the knee during 
a basketball game. The pain was aching, intermittent, and wor- 
sened by activity. The patient also had a history of intermittent 
swelling just below the knee. The patient had no chills or fever but 
had lost 13.6 kg (30 lb) during the preceding year—Osgood-Schlat- 
ter disease had been diagnosed previously. Laboratory investiga- 
tions disclosed a normal hemoglobin level, normal leukocyte and 
differential counts, a sedimentation rate of 59 mm in one hour, and 
a slightly increased alkaline phosphatase level. Roentgenograms 
of the affected area (Fig 5) showed a large, lobulated, lucent de- 
fect in the proximal tibial metaphysis suggestive of a benign neo- 
plasm such as a chondromyxoid fibroma. The lesion did not cross 
the epiphysial plate. Examination revealed a well-nourished, afe- 
brile adolescent with a large mass on the medial aspect of the 
proximal part of the right tibia. There was full painless range of 
motion of the knee and no instability of this joint. Small inguinal 
nodes were palpated on the right. 

Comment.—The report on the pathologic findings of the 
biopsy specimen indicated subacute osteomyelitis. This 
case represents one of the less common forms of presenta- 
tion of subacute osteomyelitis,’ namely, the large meta- 
physial abscess. Typically, in these lesions, the sclerosis 
is minimal (in contrast with that of Brodie diaphysial ab- 
scess), the periosteal reaction is negligible, and the lesion 
often crosses the epiphysial plate. In this case, osteomye- 
litis was the clinical diagnosis, but a bone tumor, such as 
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oso ype 


chondromyxoid fibroma, or a simple bone cyst remained a 
possibility. 

Case 6.—A 16-year-old girl was admitted to the Mayo Clinic 
with a five-year history of aching pain in her right thigh. Clinical 
examination and laboratory investigations revealed no abnormal- 
ities. Roentgenograms (Fig 6) showed a fusiform enlargement of 
the midshaft of the right femur, with considerable cortical thick- 
ening, 

Comment.—The pathologist’s report of the biopsy speci- 
men indicated chronic sclerosing osteomyelitis. In the 
diagnosis of chronic osteomyelitis of Garré, the impor- 
tance of obtaining a good clinical history cannot be over- 


_ emphasized. However, despite careful questioning, an 


acute episode preceding the chronic pain was not encoun- 
tered in our case.* Thus, although the protracted clinical 
course made it unlikely, the possibility of a sclerosing os- 
teogenic sarcoma was considered. 

CASE 7.—A 20-year-old man had a sudden onset of left thigh 
pain six weeks prior to his coming to the Mayo Clinic. Initially, he 
was treated for “bursitis” of the knee, but his pain increased, and 
he noted chills and fever. Three weeks prior to admission, he was 
hospitalized in his home community and was treated with various 
antibiotics. His thigh had been warm, but drainage was never ap- 
parent. The patient’s only recollection of a previous infection was 
that of a boil in his cheek about two weeks before the onset of his 
present symptoms. Examination revealed a well-nourished, afe- 
brile man in no distress. The ranges of motion of his left hip and 
left knee were painless and normal. There was no swelling or in- 
creased local temperature over the shaft of the femur, which, 
however, was minimally tender. Laboratory investigations re- 
vealed normal leukocyte and differential counts and slight anemia. 
The sedimentation rate was 85 mm in one hour. Roentgenograms 
of the left femur taken three weeks prior to admission were nor- 
mal. However, on admission (Fig 7), they showed extensive ir- 
regular destruction of the shaft of the femur from the lesser tro- 
chanter to 10.2 cm above the knee. Biopsy examination revealed 
subacute osteomyelitis. 

Comment.—This case illustrates the rapid destruction of 
bone, giving a roentgenographic appearance similar to 
that presented by such bone malignancies as reticulum 
cell sarcoma. However, the clinical history gave a reason- 
able assurance that an inflammatory process was present. 


Comment 


Acute hematogenous osteomyelitis usually presents no 
diagnostic problem. Only occasionally will there be fea- 
tures simulating a neoplasm, most commonly Ewing sar- 
coma, but the physician must be aware of this possibility. 
It is when the patient is affected with subacute or chronic 


inflammatory lesions of bone that the difficulty in diag- 


nosis arises. There may be little clinical or laboratory evi- 
dence suggesting infection, and the roentgenographic ap- 
pearance may not be conclusive or may be altered by 
inadequate treatment. Harris and Kirkaldy-Willis’ re- 
viewed the roentgenographic features of subacute os- 
teomyelitis and observed the most common forms of pre- 
sentation: (1) a small, rounded, diaphysial abscess 
surrounded by a sclerotic halo with a variable amount of 
subperiosteal new bone (Brodie abscess); (2) a large, usu- 
ally metaphysial, osteolytic lesion with minimal new bone 
formation (abscess may cross the epiphysial plate); (3) ex- 
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tensive diaphysial bone destruction, with or without se- 
questrum formation; and (4) the classic form of Garré scle- 
rosing osteomyelitis, in which the careful history taking, 
which is sometimes difficult, is essential for the clinical 
diagnosis. 

The cases presented herein illustrate the problems en- 
countered when attempts are made to diagnose these le- 
sions on clinical and roentgenographic grounds. Treat- 
ment should never be instituted without a biopsy 
specimen that includes an adequate amount of peri- 
osteum, cortical bone, and medullary tissue. The needle 
biopsy, despite its obvious advantages of reduced surgical 
trauma, may not provide a specimen representative of the 
lesion, and thus the diagnosis may be delayed or may be 
erroneous. 

The physician who assumes the responsibility of treat- 
ing patients who have obscure bone lesions must be aware 
of the importance of the detailed taking and retaking of 
the clinical history and of the necessity of enlisting the 
help of a radiologist and a pathologist. This team effort 
will give the best chance for the earliest adequate treat- 
ment. 
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Editorial Comment 


Occasionally the differentiation between infection and tumor is 
very difficult. Cabanela and coauthors have discussed this problem 
and presented excellent illustrative cases. Most of the neoplasms 
that may be simulated by infection, ie, osteoid osteoma, Ewing 
sarcoma, myeloma, reticulum cell sarcoma, chondromyxoid fi- 
broma, osteogenic sarcoma, and metastatic neoplasm, have been 
mentioned. Though pyogenic infection, particularly antibiotic- 
modified subacute osteomyelitis, most often presented a diagnos- 
tic problem, tuberculous and fungal osteomyelitis must also be 
considered. The changing pattern of bone and joint tuberculosis 
from a disease of youth to a disease of the elderly and to the more 
frequent localization in other than the classic sites—spine, hip, and 
knee—has increased the protean nature of this infection and its 
simulation of neoplasms. Establishing the correct diagnosis re- 
quires the approach of correlative pathology, that is, the correla- 
tion of clinical, roentgenographic, and histopathologic findings. 
The authors have properly emphasized the necessity for a team 
approach to these problems by the orthopedic surgeon, radiologist, 
and pathologist. 

DONALD B. KETTELKAMP, MD 
Little Rock, Ark 
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collagenase 


Indications: Santyl Ointment is indicated for debrid- 
ing dermal ulcers and severely burned areas. In other 
types of necrotic skin lesions reports on the use of 
Santyl Ointment have been limited to clinical observa- 
tions without controls. 


Contraindications: Application is contraindicated in 
patients who have shown local or systemic hypersen- 
Sitivity to Collagenase. 


Precautions: The enzyme’s optimal pH range is 7 to 
8. Lower pH conditions have a definite adverse effect 
on the enzyme’s activity, and appropriate precautions 
should be taken. 


The enzymatic activity is also adversely affected by 
detergents and hexachlorophene and heavy metal ions 
such as mercury and silver which are used in some 
antiseptics. When it is suspected such materials have 
been used, the site should be carefully cleansed by 
repeated washings with normal saline before Santyl 
Ointment is applied. Soaks containing metal ions or 
acidic solutions such as Burow's solution should be 
avoided because of the metal ion and low pH. Cleans- 
ing materials such as hydrogen peroxide or Dakin's 
solution do not interfere with the activity of the enzyme. 


Debilitated patients should be closely monitored for 
systemic bacterial infections because of the theoreti- 
cal possibility that debriding enzymes may increase 
the risk of bacteremia. 


The ointment should be confined to the area of the 
lesion in order to avoid the risk of irritation or macer- 
ation of normal skin. 


A slight erythema has been noted occasionally in the 
Surrounding tissue particularly when the enzyme oint- 
ment was not confined to the lesion. This can be read- 
ily controlled by protecting the healthy skin with a 
material such as Lassar's paste. 


Since the enzyme is a protein, sensitization may de- 
velop with prolonged use although none has been 
observed to date. 


Adverse Reactions: Adverse reactions to Collagenase 
have not been noted when used as directed. 


Dosage & Administration: Santy! Ointment should be 
applied once daily (or once every other day in the 
case of outpatients) in the following manner. 


(1) Prior to application the lesions should be gently 
cleansed with a gauze pad saturated in normal saline, 
buffer (pH 7.0-7.5) or hydrogen peroxide to remove 
any film and digested material. 


(2) Whenever infection is present, as evidenced by 
positive cultures, pus, inflammation or odor, it is de- 
sirable to use an appro riate topical antibacterial agent. 
Neomycin-Bacitracin-Polymyxin B (Neosporin) has 
seen found compatible with Santy! Ointment. This 
antibiotic should be applied to the lesion in powder 
form or solution prior to the application of Santyl 
Ointment. Should the infection not respond, therapy 
with Santy! Ointment should be discontinued until 
remission of the infection. 


(3) Santyl Ointment should be applied (using a wooden 
tongue depressor or spatula) directly to deep wounds, 
or, when dealing with shallow wounds, to a sterile 
gauze pad which is then applied to wound. The wound 
is covered with sterile gauze pad and secured with 
clear tape or Kling bandage. 


(4) Crosshatching thick eschar with a #11 blade is 
helpful. It is also desirable to remove as much loos- 
ened detritus as can be done readily with forceps and 
scissors, 


(5) All excess ointment should be removed each time 
dressing is changed. 


(6) Use of the ointment should be terminated when 
sufficient debridement of necrotic tissue has taken 
place. 


Overdose: Action of the enzyme may be stopped, 
should this be desired, by the application of Burow’s 
solution U.S.P. (pH 3.6-4.4) to the lesion, 


How Supplied: Santy! Ointment contains 250 units of 
Collagenase enzyme per gram of white petrolatum 
U.S.P. The potency assay of Collagenase is based on 
the digestion of undenatured collagen (from bovine 
Achilles tendon) at pH 7.2 and 37° C. for 24 hours. 
The number of peptides cleaved are measured by 
reaction with ninhydrin. Peptides released by a tryp- 
sin digestion control are subtracted. One net Collage- 
nase unit will solubilize ninhydrin reactive material 
equivalent to 4 micromoles of Leucine. 





® Knoll Pharmaceutical Co. 
30 North Jefferson Road 
Whippany, New Jersey 07981 
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Santyl° (collagenase) for dermal ~ ex 
ulcers and burns: * 
the first topical enzyme 3 Artist's conception of decubitus ulcer 
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For optimal preoperative skin degerming — BETADINE Surgical Scrub. Chosen 
by NASA for Apollo 11/12/14 splashdowns, BETADINE Su rgical Scrub provides 
a golden microbicidal lather for prepping the operative site...kills both gram- 
positive and gram-negative bacteria (including antibiotic-resistant strains), fungi, 
viruses, protozoa and yeasts... promptly achieves full microbicidal effect with 
each usage. (In the rare instance of local irritation or sensitivity, discontinue use 
in the individual.) 


To enhance antisepsis —BETADINE Solution or BETADINE Aerosol Spray. After 
initial prepping with BETADINE Surgical Scrub, paint the operative area with 
BETADINE Solution (chosen by NASA for the Skylab mission), or spray with 
BETADINE Aerosol Spray...both are fully microbicidal and film-forming... 
maintain microbicidal activity in the presence of blood, pus and serum...treated 
area may be bandaged, taped or covered by acast. 


To help maintain postoperative antisepsis— Reapply BETADINE Solution or 
BETADINE Aerosol Spray after suturing and during redressing. BETADINE 
microbicides are virtually nonirritating and do not stain skin and natural fabrics. 
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Biliary Magnesium Loss 


in the Postoperative Patient 


Geoffrey A. Smith, MD, Renaid K. Tompkins, MD, Los Angeles 


Samples of serum and biliary drainage were obtained from biliary 
surgical patients and patients who did not undergo operation to as- 
sess the magnitude of magnesium loss and to determine whether se- 
rum and biliary magnesium concentrations differed with increasing 
levels of jaundice. Megnesium concentrations in biliary drainage var- 
ie’ more and were slightly lower than serum magnesium concentra- 
tiens. 

Dnily in the icteric group of patients was the difference between se- 
rum and biliary drainage magnesium concentration significant 
(F< 001). Depleted body stores of magnesium not reflected in the 
seum values of these patients and active uptake of the ion by the 
hepatobiliary system may account for the lower bile magnesium con- 
centration found in this group. 

in the absence of large volumes or prolonged courses of external 
bi iary drainage, magnesium losses in bile would not seem to be a se- 
rieus source of hypomagnesemia in the postoperative patient. 


he entire small bowel normally serves as the site 
of magnesium absorption.' After a biliary operation, 
a patient who has no oral intake and who loses up to 1 liter 
or more per day of biliary drainage has the potential for 
eensiderable magnesium loss. To assess the magnitude of 
magnesium loss in biliary drainage and to determine 
wnether serum and biliary magnesium concentration dif- 
fered with increasing levels of jaundice, biliary drainage 
magnesium concentrations were compared to correspond- 
img serum values in two groups of patients who had un- 
dergone biliary surgical procedures and in a group of pa- 
t=nts who did nct undergo operation. 


- 


Materials and Methods 


Magnesium concentrations were measured in the biliary drain- 
age from nine postoperat*ve patients with total serum bilirubin 
levels greater than 2.5 mg,100 ml (icteric) (group 1), in seven post- 
operative patients with bilirubin levels of 2.5 mg/100 ml or less 
(monicteric) (group 2), and four patients who did not undergo oper- 
ation who served as contrels (group 3). Sera samples drawn while 
tke bile samples were being collected were analyzed for magne- 
skim, urea nitrogen and tota! and direct bilirubin. To assess pos- 
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sible effects of fluid dilution or concentration on the measured bili- 
ary magnesium concentration, serum and biliary drainage ratios 
of urea nitrogen and magnesium were compared. Postoperative 
samples were taken from the first day to several days after place- 
ment of drainage tubes in patients operated on for bile duct stric- 
ture, cholecystitis, choledocholithiasis, common bile duct injury, 
ascending cholangitis, carcinoma, hepatitis, and primary biliary 
cirrhosis. Most had T tubes in the common bile duct, but patients 
with intraductal drainage tubes through choledochoduodenosto- 
mies and choledochojejunostomies were included. 

Controls who did not undergo operation were patients being 
studied for unusual abdominal pain, postcholecystectomy syn- 
drome, and diarrhea. Periampullary drainage was obtained by 
transnasal intubation. 

All measurements were made in the UCLA clinical laboratories 
where magnesium concentrations by the atomic absorption tech- 
nique are accurate within 8%, urea nitrogen concentrations by the 
urease method are accurate within 7%, and bilirubin concentra- 
tions are accurate within 20% in the low range to 10% in the 
medium and high ranges with the Jenderassik-Grof technique. 
Ranges of normal values are as follows: magnesiam, 1.5 to 2.1 
mEq/liter; serum urea nitrogen, 8 to 20 mg/100 ml; bilirubin, 0.3 
to 1.2 mg/100 ml total and 0.06 to 0.35 mg/100 ml direct. 


Results 


Magnesium concentrations in biliary drainage varied 
more within each group and between groups and were 
generally slightly lower than the serum magnesium con- 
centrations (Tables 1 through 3). The overall average of all 
groups for biliary drainage was 1.4 mEq/liter (range, 0.6 
to 2.2 mEq/liter) as compared to 1.7 mEq/liter for serum 
(range, 1.4 to 2.1 mEq/liter). 

Only in the icteric group was there a significant differ- 
ence between the serum and biliary drainage magnesium 
concentrations (P<.001). There was no difference in the 
nonicteric group, and in the control group the difference 
was not significant. 

Only in three samples was a significant difference found 
in serum and biliary drainage ratios of magnesium/urea 
nitrogen concentrations (Table 4). 

Laboratory results in one patient in the icteric group 
were found to be inconsistent. Her case serves as an ex- 
ample of a possible technical problem that may be encoun- 
tered with such measurements. Obstruction of the biliary 
duct had developed in this 69-year-old woman after a cho- 
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Table 1.—Group 1 Patients With Postoperative Bilirubin Levels >2.5 mg/100 ml (icteric) * 
————S— a S ea enn 


Method 
Patient of 
No. Diagnosis Drainage 
1 Biliary duct carcinoma T tube 
2 Choledocholithiasis 
ascending cholangitis T tube 
3 Choledocholithiasis T tube 
Postoperative day 4 
Postoperative day 7 
4 Hepatitis T tube 
5 Primary biliary cirrhosis T tube 
6 Obstructing carcinoma T tube 
7 Biliary duct stricture T tube 
8 Common bile duct injury Choledocho- 
jejunostomy 
9t Biliary duct obstruction Choledocho- 


Postoperative day 13 
Postoperative day 19 


jejunostomy 


Bile Serum 
— es, 

Urea Urea Bilirubin 
Magnesium, Nitrogen, Magnesium, Nitrogen, Total / Direct, 
mEq/liter mg/100mi mEq/liter mg/100 mi mg/100 ml 

1.1 2.0 1.6 10.0 9.5/8.0 

1.0 6.0 1.5 6.0 9.7/7.2 

L-7 11.0 2.1 11.0 7.9/5.5 

1.8 15.0 2.0 21.0 5.2/4.2 

0.6 8.0 1.7 11.0 18.0/7.8 

1.2 18.3 1.6 23.0 16.5/7.9 

1.1 7.5 1.9 13.0 3.7/2.4 

1.0 14.9 1.6 23.0 7.7/5.6 

Li? 5.0 1.5 6.0 9.7/8.0 

5.0 12.0 1.5 13.0 10.5/7.8 

4.2 16.0 1.5 26:0 7.4/5.2 


* Average for biliary drainage (+ SD) was 1.2 + 0.47 mEq/liter as compared to 1.7 + 0.22 mEq/liter for serum (P <.001). 


t Exception (see text). 


Table 2.—Group 2 Patients With Postoperative Bilirubin Levels =2.5 mg/100 ml (Nonicteric) * 
aan sss sess 


Method 
Patient of 
No. Diagnosis Drainage 
10 Common bile duct stone 
and stricture T tube 
Postoperative day 1 
Postoperative day 7 
11 Cholecystitis T tube 
12 Choledochal cyst T tube 
13 Cholelithiasis T tube 
14 Cholelithiasis T tube 
15 Cholecystitis T tube 
16 Common bile duct Choledocho- 
obstruction duodenostomy 


Bile Serum 
Urea Urea Bilirubin 
Magnesium, Nitrogen, Magnesium, Nitrogen, Total / Direct, 
mEq/liter mg/100ml mEq/liter mg/100 mi mg/100 ml 
1.0 11.0 1.6 13.0 2.5/1.5 
2.1 17.0 1.8 24.0 1.3/0.85 
2.0 8.0 1.4 5.0 0.8/0.6 
2.1 10.0 1.4 11.0 1.4/0.6 
1.4 8.0 LS 9.0 1.6/1.1 
LS 14.0 Lv. 16.0 0.7/0.5 
2.2 1.4 1.7 5.0 0.9/0.55 
1.6 7.0 1.9 8.0 1.0/0.8 


* Average for biliary drainage (+ SD) was 1.6 + 0.46 mEq/liter as compared to 1.6 + 0.19 mEq/liter for serum (P = .4) (not significant). 


Table 3.—Group 3 Patients Who Did Not Undergo Operation (Controls) * 
TAS ETE SEE EERE VS OE SRR eR AER eee erties DS See Ieee WOR Rea E SIO ANS SRN Se Ney ee -T E 


Method 
Patient of 
No. Diagnosis Drainage 
17 Abdominal pain Duodenal 
aspiration 
18 Abdominal pain Duodenal 
aspiration 
19 Diarrhea Duodenal 
aspiration 
20 Postcholecystectomy Duodenal 
syndrome aspiration 


Bile Serum 
Urea Urea Bilirubin 
Magnesium, Nitrogen, Magnesium, Nitrogen, Total / Direct, 
mEq/liter mg/100ml- mEq/liter mg/100 mi mg/100 ml 

1.9 13.0 2.1 11.0 0.6/0.4 
1:2 9.0 1.4 9.0 0.7/0.35 
0.9 21.0 1.9 15.0 0.8/0.3 
0.9 34.0 1.8 16.0 1.0/0.55 


* Average for biliary drainage (+ SD) was 1.2 + 0.52 mEq/liter as compared to 1.8 + 0.29 mEq/liter for serum (P = .2) (not significant). 


lecystectomy had been performed in another hospital. At 
the time of the present study, approximately two weeks 
after she had undergone choledochojejunostomy, her urea 
nitrogen values of serum and biliary drainage were compa- 
rable. On two occasions, the bilirubin concentration was 
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10.5 mg/100 ml total with 7.8 mg/100 ml direct and 7.4 
mg/100 ml total with 5.2 mg/100 ml direct; however, the 
magnesium concentration in biliary drainage was 5.0 and 
4.2 mEq/liter as compared to 1.5 and 1.5 mEq/liter mag- 
nesium concentration from the serum. This patient had 
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low velume of bile drainage (0 to 450 ml/24 hr), but the po- 
tentizl loss, unreplaced, was significant. Further eval- 
uation disclosed that she had been placed on a regimen of 
30 mlof magnesium hydroxide (Maalox) (198 mEq magne- 
sium per liter) by mouth every two hours because of dan- 
ger af upper gastrointestinal tract bleeding. Reflux of 
magnesium hydroxide through the choledochojejunostomy 
drainage tube was considered to be responsible for the ar- 
tificially elevated magnesium values. 


Comment 


Magnesium concentrations in bile have been reported to 
average 1.1 mEq;liter in patients who have had biliary op- 
eratiens.? Our average value of 1.4 mKq/liter is in the 
same range. : 

The liver is not an inert organ with regard to magne- 
sium metabolism. Serum magnesium concentration drops 
for approximately 48 hours after partial hepatectomy in 
rats. Mangiantin: et alè have postulated that this is the re- 
sult ef active transport by the liver. They were able to 
cause a drop of magnesium concentrations in isolated liver 
slice perfusates when the magnesium concentration of the 
initial perfusate was lower than physiologic levels. They 
could not accomplish this when the concentration was 
equal to or greater than physiologic levels or when a meta- 
bolic inhibiter (sodium fluoride) was added to any of the 
perfusates. 

Wellach et al* used tagged radioactive magnesium 
(Meg) in solutions bathing liver slices of rats and found a 
net active transport mechanism into hepatocytes. The in- 
ward transport was found to increase with lowered hep- 
atocdlular magnesium level, elevated pH, or decreased 
calcium level. 

Serum magnesium concentration is not a good indicator 
of total body magnesium concentration. Barnes’ has re- 
ported that the total body magnesium concentration can 
be as low as 70% of normal before the dip is reflected in se- 
rum magnesium concentration. The serum magnesium 
concentration of our patients did not vary as widely as did 
the Liliary drainage magnesium concentration. This may 
be an indieation that the magnesium concentration of 
hepacobiliary drainage is less influenced by the stabilizing 
controls of the blood magnesium. With this lack of ‘““homeo- 
statie control” of the secretion, this drainage might more 
refiect hepatic and possibly total body magnesium concen- 
tration. Liver bicpsy and magnesium analysis, the obvious 
checks, were not done on the patients in this study. 

That our icteric group had a lower biliary drainage 
mean magnesium concentration than serum mean magne- 
sium concentration could demonstrate that the hepa- 
tobil ary mechanism is unable to excrete as high a level of 
magnesium as is presented to it. The alternate consid- 
eration, that the deranged liver produces a bile more di- 
lutec than that produced by a normal liver, was not cor- 
roborated by comparisons of magnesium/urea nitrogen 
ratios. Hepatic uptake of magnesium could also have been 
augmented by cecreased calcium ion concentration and 
increased pH in these bedridden and frequently seriously 
ill patients. 
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Table 4.—Serum and Biliary Drainage Magnesium/Urea 
Nitrogen Ratios in 20 Patients From the Three Groups* 
eh snes 
Bile Serum 
Magne- Magne- 
sium, sium, 
Patient Urea Urea 
No. Nitrogen Nitrogen 
Group 1 1 0.55 0.16 
(Icteric) 0.17 0.25 
0.15 0.19 
0.12 0.10 
0.08 0.15 
0.07 0.07 
0.15 0.15 
0.07 0.07 
0.34 0.25 
Group 2 0.09 0.12 
(Nonicteric) 0.12 0.08 
0.25 0.28 
0.21 0.13 
0.18 0.17 
0.09 0.11 
1.57 0.34 
0.23 0.24 
Group 3 0.15 0.19 
(Control) 0.13 0.16 
0.00 0.13 
0.00 0.11 


* Average difference was + 0.03 for group 1, + 0.16 for group 2, 
and — 0.08 for group 3. 


Difference 
+0.39 
—0.08 
—0.04 
+0.02 
—0.07 


Periampullary duodenal drainage from transnasal intu- 
bation, the method used to obtain our control samples, 
could show an erroneous low concentration of magnesium 
due to mixing with propelled gastric contents, pancreatic 
secretions, or duodenal secretions. It is of interest in this 
regard that the duodenal drainage magnesium/yrea ni- 
trogen ratio in these controls was consistently lower than 
that observed in the patients with direct biliary drainage. 

It is obvious from these studies that large losses of mag- 
nesium in biliary drainage are not likely to occur in the 
absence of copious volumes or prolonged periods of exter- 
nal biliary drainage. Furthermore, the icteric patient 
seems to excrete a bile less concentrated in magnesium 
than the nonicteric biliary surgical patient with a biliary 
drain tube. 


This investigation was supported by a grant from the John A. Hartfound 
Foundation, Inc., New York. 


References 


1. Graham LA, Caesar JJ, Burger ASV: Gastrointestinal ab- 
sorption and excretion of magnesium* in man. Metabolism 9:646- 
659, 1960. 

2. Thoren L: Magnesium deficiency in gastrointestinal fluid 
loss. Acta Chir Scand, suppl 306, pp 24-43, 1963. 

3. Mangiantini MT, Leoni S, Spagnuolo S: Role of the liver in 
the regulation of the plasmatic concentration of magnesium Boll 
Soc Ital Biol Sper 47:341-345, 1971. 

4. Wallach S, Gamponia PJ, Ahmed SA: Net movement of cal- 
cium and magnesium in slices of rat liver. J Gen Physiol 56:716- 
731, 1970. 

5. Barnes BA: Magnesium conservation: A study of surgical pa- 
tients. Ann NY Acad Sci 162:786-801, 1969. 


Biliary Magnesium Loss/Smith & Tompkins 79 











Radionuclide Aortography in 


Detection of Arterial Aneurysms 


John J. Bergan, MD; James S. T. Yao, MD, PhD; 
Robert E. Henkin, MD; James L. Quinn III, MD, Chicago 


In a study designed to assess the potential value of radionuclide 
aortography in diagnosis of aortic and anastomotic aneurysms, 43 
patients were examined. Radionuclide studies correctly identified 26 
of 28 aortic aneurysms while physical examination identified 26 of 
28, and lateral plain film roentgenograms showed 23 of 28. Three of 
five anastomotic aneurysms were demonstrated by the radionuclide 
technique. The radionuclide study was helpful in finding three previ- 
ously unsuspected aneurysms and in excluding four abdominal and 
three thoracic masses from consideration as aneurysms. Clearly, this 
noninvasive technique has utility in lending objectivity to evaluation 
of patients with arterial aneurysm disease. 


Aneurysm of the abdominal aorta is very often diagnosed when 
not present, and when present the symptoms may be so obscure 
that the nature of the trouble is overlooked. 

W. OSLER, 1905! 


Eea arteriography in detection of aortic aneu- 
| rysms has had a waxing and waning of interest. Dis- 
appointment with the technique has occurred because 
intraluminal clot has caused false-negative results in situ- 
ations where a clinically obvious aneurysm was present. 
Routine contrast aortography is no longer done by most 
vascular surgeons to obtain definition of aortic aneu- 
rysms, although some excellent reports have been pub- 
lished.” 


For editorial comment, see page 11. 





The present study was done to determine the potential 
for radionuclide aortography in differential diagnosis of 
large vessel aneurysms and to compare it to plain film 
roentgenography and careful clinical examination in de- 
tection of aneurysm disease. 
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Patient Selection 


Patients were selected for radionuclide aortography from the 
vascular services of the Northwestern University Medical Center 
Hospitals. Thus, this study includes a selected patient population. 
Once a patient entered the study, he was not excluded from the 
analysis. In this way, no false-positive or false-negative results 
were eliminated from evaluation. 

There were 43 patients ranging in age from 33 to 86 years. 
Thirty-seven were men, six were women, and nearly all had asso- 
ciated complications of arteriosclerotic vascular disease. Six pa- 
tients had a previous aortofemoral reconstruction and two, fem- 
orofemoral grafts, which were the object of study. Thirty-five 
patients were examined in order to confirm the presence of an 
aortic aneurysm. Twenty-eight of these had an abdominal aortic 
aneurysm; one, a thoracic aneurysm; and the others had no aneu- 
rysm. Confirmation of each lesion was by surgical evaluation or 
clear proof of calcification on plain roentgenograms. 


Methods 


Patients were studied in the Nuclear Medicine Department of 
the Wesley Pavilion, Northwestern Memorial Hospital. Sedation 
was not used. Twenty millicuries of “"Te-albumin was injected 
into an antecubital vein below a constricting tourniquet. On re- 
lease of the tourniquet, images were made at two-second inter- 
vals. For evaluation of abdominal aneurysms, the patient was 
placed supine on a cart and positioned so that the palpable mass 
was centered under a scintillation camera with a high sensitivity 
collimator. If no mass was palpable, the iliac crest was placed at 
the lower edge of the collimator for abdominal examinations. 

Technical equipment employed included a scintillation camera 
equipped with digital videotape, a high sensitivity collimator, and 
both Polaroid and 70-mm imaging equipment. 

After the films were made during the bolus phase of injection, 
images were obtained following equilibration of 500,000 or 999,999 
counts. A second series of images was usually made two hours af- 
ter injection. 

Preparation of the *"Tc-albumin was by modification of the 
method of Lin et al.‘ Two milliliters of sodium pertechnetate Tc 
99m were placed into a 10-ml sterile vial. The volume was always 2 
ml, but radioactive concentration (millicuries per milliliter) was 
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Fig 1.—Top, tsotope aortogram showing tortuous, dilated aorta 
and associated right common iliac artery aneurysm. Bottom, Con- 
trast study confirms presence of tortuous aorta and aortic aneu- 
rysm. 


adjusted by addition of normal saline without preservatives. 

To this activity, 0.5 ml of 0.225 mg/ml of tin chloride (SnCl,) in 
0.2 N HCl was added. This mixture was swirled for ten to 15 sec- 
onds. To this mixture, 0.5 ml of 10% human serum albumin was 
added with switling. At this point, 0.5 ml of anion exchange resin 
AG1-X8 was alse added. 

The resin was allowed to sediment or the mixture was centri- 
fuged. The supernatant was then Millipore-filtered into another 
10-mi vial and assayed. It was then ready for patient use. Routine 
sterility and pyrogen testing were carried out. The dosage for ab- 
dominal studies was 15 to 20 millicuries. 
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Results 


Four categories of results could be classifed: (1) positive 
results, in which an abnormality was correctly diagnosed 
by the technique; (2) negative results, in which an aneu- 
rysm or other arterial abnormality was not found and 
none was present; (3) false-positive results, in which an 
arterial lesion was incorrectly identified by radionuclide 
arteriography; and (4) false-negative results, in which an 
arterial lesion was missed by the radionuclide study. 

A special category of patients deserves further com- 
ment. These were those in whom a surprising and signifi- 
cant amount of new information was obtained from the 
radionuclide study, this information being previously un- 
suspected. 

Positive Results.-Twenty-six of 28 patients with aortic 
aneurysm and two of four patients with anastomotic false 
aneurysm were selected for radionuclide study and were 
correctly found to have the suspected aneurysm. 

Anteroposterior, lateral, and oblique roentgenograms of 
the abdomen were obtained in all patients. In 28 of 28 pa- 
tients, such x-ray films correctly identified the curvilinear 
calcification of the aneurysm. 

In no instance was an anastomotic aneurysm identified 
by plain x-ray films. 

Illustrative Case.—A 64-year-old man was seen in the emer- 
gency room for evaluation of a huge pulsatile abdominal mass. 
The mass entirely filled the epigastrium and extended below the 
umbilicus for a distance of 8 cm. It was thought that such a huge 
mass could be a retroperitoneal malignant neoplasm and that its 
pulsatile character indicated transmitted pulsations. Radionuclide 
aortography identified a dilated, tortuous aortic lumen with a fusi- 
form aneurysm (Fig 1), and the patient was admitted for defini- 
tive care. 

Two of four patients with proven false aneurysms of a graft ar- 
tery suture line were correctly identified. In one of these, two an- 
eurysms were seen, one of which was unsuspected. 

Negative Results.-In seven patients, a negative study 
excluded the presence of an aortic aneurysm. In three of 
these, a thoracic aneurysm was excluded; in the other four, 
a suspected abdominal aneurysm was accurately excluded. 
Two femorofemoral grafts were functioning well without 
aneurysm formation and the radionuclide study showed 
no anastomotic aneurysm. 

Illustrative Case.—A 56-year-old man was admitted to the 
emergency room of the Wesley Pavilion, Northwestern Memorial 
Hospital, with a history of severe bilateral back pain radiating 
into the flanks. A pulsatile epigastric mass measured 8 cm in 
diameter. A radionuclide aortogram showed a normal aortic lumen 
without irregularity or tortuosity. Subsequent surgical explora- 
tion revealed a thick-walled chyle-containing cyst overlying the 
aorta in the region of the left renal vein. 

False-Positive Results._In one patient, the radionuclide 
study suggested an arterial lesion that was not confirmed 
by contrast arteriography. 

Illustrative Case.—A 58-year-old woman had a successful aorto- 
femoral bypass graft performed for gangrene of the lower extrem- 
ities. Two years following this procedure, she was admitted with 
a history of acute right flank and back pain and hematuria. A ure- 
teral stone was found to be present, and a radionuclide aortogram 
was done to confirm the status of the aortofemoral bypass graft. 
Evaluation of the study suggested the presence of an aortocaval 
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Fig 2.—Contrast aortogram reveals two 
abdominal aortic aneurysms that were un- 
suspected until identified by radionuclide 
aortography. Patient was being evaluated 
for thoracic aortic aneurysm. 





fistula in the region of the aortic anastomosis of the graft. Subse- 
quent contrast study failed to reveal this lesion. No explanation 
for the incorrect imaging was possible, and a subsequent radio- 
nuclide study was negative. 

False-Negative Results.—In two of 28 patients (7%) in 
whom an aortic aneurysm was thought to be present, the 
radionuclide aortogram failed to reveal this lesion. In both 
of these cases, the aneurysm was 6 em in diameter and 
contained much intrasacciform clot. Physical findings 
were unequivocal in both patients, and in each instance 
heavy calcification was present that correctly outlined the 
lesion on plain x-ray films of the abdomen. 

There were two patients of four with anastomotic aneu- 
rysm in which the radionuclide study failed to reveal a 
subsequently proven lesion. In both of these, the lesion 
was a false aneurysm of the aortic graft suture line and 
much intraluminal clot was present. 

Surprising Information._Two patients were studied by 
radionuclide aortography and were found to have entirely 
unsuspected lesions. In both of these, the radionuclide 
study was confirmed by contrast arteriography and the 
radionuclide study determined the subsequent course of 
patient management. 

Illustrative Case 1.—A 54-year-old man was under treatment for 
severe intervertebral disk space infection and was found on chest 
roentgenography to have a retrocardiac mass. Contrast aortog- 
raphy confirmed the fact that this was a descending thoracic an- 
eurysm. Radionuclide aortography revealed two abdominal aortic 
aneurysms that had been previously unsuspected. Contrast aortog- 
raphy was repeated, and this now identified the two abdominal 
aortic aneurysms (Fig 2). Thoracic aneurysmectomy was per- 
formed and abdominal aortic aneurysmectomy done at a later 
date. 
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Fig 3.—Contrast aortogram (right) and-compa rable radionuclide study (left): Note Teflon 
prosthesis and graft-to-iliac anastomotic false aneurysm. Radionuclide study detected this 
unsuspected lesion. AEU 


Illustrative Case 2.—A 66-year-old man was admitted for treat- 
ment of a false aneurysm of the right femoral artery occurring 
ten years after Teflon graft placement for severe aortoiliac occlu- 
sive disease. The radionuclide aortography revealed the 6-cm fem- 
oral aneurysm with intrasacciform clot, and also a 3-cm aneurysm 
of the graft-to-iliac artery anastomosis on the contralateral side 
(Fig 3). Femoral graft aneurysmectomy was performed and, at a 
later date, iliac aneurysmectomy was also done. 


Comment 


This study of a representative series of aneurysm pa- 
tients and those in whom aneurysm was suspected indi- 
cates the utility of radionuclide aortography in assisting 
with clinical judgment decisions. It was anticipated that 
false-negative results would occur, but the low incidence 
was unexpected. Only two of 28 aortic aneurysms did not 
appear on the radionuclide study. The ability of radio- 
nuclide aortography to identify aneurysms with intra- 
sacciform clot was surprising and was apparently due to 
turbulence of flow through the clot, which eaused the ra- 
dionuclide to be deposited along irregularities in the false 


lumen of the aneurysm. It was found that such deposits 


could be imaged at times remote from the time of radio- 
nuclide injection. This factor was important in the diag- 
nosis of an unsuspected graft-to-iliac false aneurysm. In 
this instance, the patient’s study was reviewed by the Nu- 
clear Medicine staff, and the patient brought back for fur- 
ther study two hours after injection of the nuclide. With- 
out further radionuclide injection, it was possible to 
identify and measure the size of the unsuspected addi- 
tional aneurysm. Such imaging makes aneurysm visual- 
ization by nuclide study an effective form of diagnosis. 
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If sodium pertechnetate Tc 99m is used instead of *™Tc- 
albumin, the most useful images are made during the 
bolus phase. Delayed imaging is virtually impossible with 
this ionic material since it diffuses throughout the extra- 
cellular fluid space. 

Several problems may occur in manufacturing *™Tc-al- 
bumin. The SnCl. is basically unstable and decomposes on 
exposure to air. If a premixed solution is to be stored, it 
must be kept urder ritrogen and refrigerated. The al- 
ternative is to make fresh SnCl, for each lot of albumin. 
_ Radionuclide aortography in detection of aneurysm dis- 
ease of the abdominal aorta is properly compared to exist- 
ing methods of d-agnosis. In this group of patients, 30 are 
pertinent. Two of these carried a clinical diagnosis of ab- 
dominal aortic aneurysm, but none was found on subse- 
quent radionuclide study. This compares with the experi- 
ence of Kahn ard Callow, who studied 57 patients with 
suspected abdominal sortic aneurysms and found five in 
whom the clinical impression could not be confirmed by 
catheter arteriography.‘ Similarly, in this group of 30 pa- 
tients, there were two n whom an established aortic aneu- 
rysm could not be palpated. Thus, four of 30 patients had 
an erroneous clirical evaluation. This is similar to the fig- 
ure of 12% elinical error cited by Robicsek et al in their 
study of 271 patients." 

Establishing the correctness of diagnosis of aortic aneu- 
rysm by plain akdominal roentgenograms is difficult. It is 
well known that classical curvilinear para-aortic calcifica- 
tion is often absent.’ In this study of 28 known abdominal 
aortic aneurysms, five patients failed to show any sugges- 
tion, even on retrospective review, of presence of an aneu- 
rysm. Similarly, none of the five anastomotic aneurysms 
could be seen or the plain x-ray films. Since it is known 
that 4.7% of persons over 50 show clear evidence of aortic 
aneurysm or dilation, the actual incidence of aneurysm 
could well be much higher.’ It is apparent that the radio- 
nuclide study is far more accurate than plain x-ray films 
alone. 

Aertography using various contrast techniques has been 
advocated by some groups.’*° However, the most experi- 
enced group states that aortography is normal in cases of 
aortic aneurysm.’ This, because of presence of intralumi- 
nal clot. Even Robicsek found that 48 of 218 patients hav- 
ing aortography for aertic aneurysms did not have visual- 
ization of the lesion by the contrast study.’ This fact, 
added to knowr or alleged hazards of aortography, has 
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caused its routine use in diagnosis of aortic aneurysm to- 


be abandoned by most investigators.*-"° 
Neither contrast nor radionuclide aortography should be 


relied on to demonstrate size of an aortic aneurysm. Both _ 


techniques show lumen size, not overall wall diameter. 
Therefore neither method should be relied on for estimat- 
ing prognosis or observing a lesion that has not been oper- 
ated on with respect to its size. | 
Radionuclide aortography appears to differ from con- 
trast aortography in that the albumin may become fixed 
to the intraluminal clot. Because of this, nearly all aneu- 


rysms are visualized and, in addition, there is a persist- _ 
ence of the image for many hours. Since its performance | 
is virtually noninvasive, the combination of accuracy and — 


high patient acceptability make a tool of great potential 
utility. No patient reactions to albumin made by the SnCl, 
method have been encountered. 


This investigation was supported in part by a grant-in-aid the Chicago 
and Illinois Heart Association and by the Northwestern University Vascu- 
lar Research Fund. 


Nonproprietary Name and 
Trademarks of Drug 


Sodium pertechnetate Te 99m—Neipertec 99m, Pertscan-99m. 
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Cystic Medial Necrosis 


A Correctable Cause of the 
Superior Vena Cava Syndrome 


Arthur J. Roberts, MD; Richard B. Jaffe, MD; 
Lawrence L. Michaelis, MD; Andrew G. Morrow, MD, Bethesda, Md 


Twenty-five percent (3/12) of patients recently operated on for as- 
cending aortic aneurysms secondary to cystic medial necrosis had 
significant obstruction of the superior vena cava that was corrected 
by repair of the aneurysm. Roentgenograms are useful in outlining 
the mechanism of obstruction. 


he superior vena cava syndrome is a well-recognized 
clinical entity that results from complete or partial 
occlusion of the superior vena cava. The obstruction is due 
to a malignant process in approximately 80% of cases'; a 
less common, but recognized cause is intrinsic disease of 
the ascending aorta.'-* The pertinent findings in a patient 
with superior vena caval obstruction secondary to an as- 
cending aortic aneurysm are summarized below. Right- 
sided cardiac catheterization data, as well as superior vena 
caval angiography, are presented that, in our experience, 
are representative of this form of extrinsic caval compres- 
sion. 


Clinical Summary 


A 46-year-old man was admitted to the National Heart and 
Lung Institute with a two-year history of congestive heart fail- 
ure; he was in functional class IV (New York Heart Association) 
condition. Physical findings indicated advanced aortic regurgita- 
tion with significant cardiomegaly and signs of biventricular fail- 
ure. The only other finding of note was cervical venous distention 
(12 cm above the sternal angle in the upright position) nonpulsa- 
tile hepatomegaly, and minimal pedal edema. A chest roentgen- 
ogram (Fig 1) demonstrated marked left ventricular enlargement 
and exceptional dilation of the proximal part of the ascending 
aorta. The superior vena cava was dilated, and the right and left 
main stem bronchi were displaced posteriorly. 

Fluoroscopy revealed markedly diminished pulsations of the as- 
cending aorta, moderate diastolic collapse of the descending aorta, 
and no evidence of valvular calcification. On the basis of these 
findings, a diagnosis of cystic medial necrosis with aortic insuffi- 
ciency was made. 

Right-sided catheterization revealed a superior vena caval 
mean pressure of 22 mm Hg and a right atrial mean pressure of 
10 mm Hg; a mean gradient of 12 mm Hg was recorded on cathe- 
ter pullback from the right atrium to superior vena cava. Retro- 
grade left-sided catheterization was unsuccessful because of the 
abnormal tortuosity of the aortic root. 

Aortic root biplane and cineangiocardiography (Fig 2) revealed 
features characteristic of cystic medial necrosis, with marked, 
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symmetric dilation of the proximal part of the aorta with efface- 
ment of the sinuses of Valsalva.' Several centimeters proximal to 
the origin of the brachiocephalic vessels, the aorta returned to 
normal caliber. Severe aortic regurgitation was present. There 
was no evidence of dissection. 

Superior vena caval biplane angiocardiography (Fig 3) demon- 
strated marked posterior displacement and compression of the su- 
perior vena cava from the level of the aortic arch to the right 
atrium. The right atrium was displaced inferiorly and compressed 
superiorly, the right ventricle was displaced to the left and com- 
pressed along its right border, and the right pulmonary artery 
was displaced posteriorly. 

At operation, a median sternotomy was performed. The proxi- 
mal part of the ascending aorta was noted to be 6.5 em in diame- 
ter (Fig 4); it had a thin, abnormal wall and was adherent to the 
right atrium, right ventricle, and main and right pulmonary ar- 
teries. The superior vena cava was noted to be severely narrowed 
by the right border of the aneurysm. Cardiopulmonary bypass 
was instituted and the aneurysm opened. The aortic valve was 
normal in appearance, but the anulus was strikingly dilated, and 
the sinuses of Valsalva were completely effaced. 

The aortic valve was replaced with a #14A Starr-Edwards 2320 
prosthesis, and the aneurysm was transected proximally to 1 cm 
above the orifices of the coronary arteries and distally at a point 
where the aorta appeared normal, several centimeters before the 
origin of the innominate artery. The aorta was reconstituted by 
direct end-to-end anastomosis. The gross disparity in size and 
angulation of the aortic ends was corrected by placing sponges un- 
der the apex of the heart, manually realigning the cut aortic ends, 
and taking larger needle bites on the proximal aortic segment. 
The aortic suture line was begun with four interrupted mattress 
sutures placed at equidistant points, and completed by a contin- 
uous everting mattress suture placed between them. A secondary 
layer of over-and-over suture was placed for reinforcement. 

The patient recovered from operation without significant com- 
plications, and was discharged two weeks after operation. When 
seen six months after operation, he was class II, with normal 
jugular venous pulse, no aortic regurgitation, and a peak systolic 
gradient of 7 mm Hg across his aortic prosthesis. 

Pathologic examination of the resected ascending aorta re- 
vealed almost complete destruction of the elastic fibers in the me- 
dia and other features typical of cystic medial necrosis.’ 


Comment 


The superior vena caval syndrome was first described by 
William Hunter in 1757, and in this patient was caused by 
a syphilitic aortic aneurysm. McIntyre and Sykes” review 
of 502 cases reported before 1949 emphasized that aortic 
aneurysms, almost entirely syphilitic in nature, were the 
second most common cause of the superior vena caval syn- 
drome. Yet in current practice, intrinsic aortic disease is 
an uncommon cause of this clinical entity. Reported cases 
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Fig 1.—Posteroan-erior wiew demonstrating marked left ventricu- Fig 2.—Anteroposterior view following aortic injection demon- 
lar enlargement, exceptional dilation of proximal part of ascending strating symmetric dilation confined to proximal part of ascending 
aorta, and dilation of superior vena cava. sorta and effacement of sinuses of Valsalva characteristic of cystic 


medial necrosis. Marked aortic regurgitation results in left ventricu- 
ar opacification. 


Fig 3.—Anteroposterior view following superior vena cava injec- 
tion demonstrating Dosterior displacement and compression of su- 


perior vena cava, inferior displacement and superior compression of Fig 4.—Opened pericardial sac at operation demonstrating 
the right atrium (open arrows), leftward displacement and medial marked symmetrical dilation of proximal part of ascending aorta. 
compression of right ventricle (closed arrows), and posterior dis- Note displaced and compressed right atrium (RA) and ventricle 
placement of right pulmorary artery. (RV). 
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since 1949 indicate that aortic disease is responsible now 
for only 4% of cases of the superior vena caval syndrome. ! 
Primary intrathoracic malignant neoplasms, previously 
responsible for one third of superior vena caval obstruc- 
tions, now account for 76% of cases.’ 

Since 1966, at the National Heart and Lung Institute, 
we have operated on 12 patients with ascending aortic an- 
eurysms secondary to cystic medial necrosis and the re- 
sultant diffuse aortic dilation. In addition to the patient 
presented above, two other patients were found to have 
significant obstruction of the superior vena cava. One pa- 
tient, with a gradient of 14 mm Hg between the superior 
vena cava and right atrium, complained of episodes of 
periorbital edema and headache and preoperatively was 
seen to have moderate periorbital puffiness. The second 
patient, with a preoperative gradient of 8 to 10 mm Hg, 
complained only of a feeling of fullness in his neck and 
face. These patients also had complete relief of the caval 
obstruction following resection of the aneurysm with 
graft replacement. 

Recognition of the cause of obstruction is most impor- 
tant since superior vena caval syndrome secondary to 
syphilitic aneurysm, dissection with hematoma,’ or cystic 
medial necrosis is now amenable to cure. Excision of the 
aneurysm with insertion of a prosthetic graft® or direct 
end-to-end anastomosis’ is favored. If associated aortic in- 
sufficiency is present, valvular replacement is under- 
taken." 


References 


1. Banker VP, Maddison FE: Superior vena cava syndrome sec- 
ondary to-aortic disease: Report of two cases and review of the lit- 
erature. Dis Chest 51:656-662, 1967. 

2. MacLeod M, Williams AW: The cardiovascular lesions in 
Marfan’s syndrome. Arch Pathol 61:143-151, 1956. 

3. McIntyre FT, Sykes EM Jr: Obstruction of the superior vena 
cava: Review of the literature and report of two personal cases. 
Ann Intern Med 30:925-960, 1949. i 


86 Arch Surg/Vol 109, July 1974 





4. Fi 
Morphologic and volumetric considerations. Radiol Clin Nori 
Am 2:409-423, 1964. 

5. Strax TE, Ryvicker MJ, Elquezabal A: Superior vena cav: 


ley MM: Angiocardiography in valvular heart. diseas 


syndrome due to a mediastinal hematoma secondary to a di: 
secting aortic aneurysm. Dis Chest 55:338-341, 1969. 

6. eat MW, Boruchow IB, Ramsey HW: Surgical treatmen 
o ica tt: of the aortic root. Ann Thorae Surg 12:593-69: 


7. Trinkle JK, Mobin-Uddin K, Bryant LR: Primary anastc 
moses of aneurysms of the ascending aorta caused by cystic me 
dial necrosis. J Thorac Cardiovasc Sur 62:281-284, 197. 

8. Edwards WS, Kerr AR: A safer tec nique for replacement o 
the entire ascending aorta and aortic valve. J Thorac Cardiovas 
Surg 59:837-839, 1971. 


Editorial Comment 


The authors have described the successful surgical treatment oi 
superior vena caval obstruction secondary to large fusiform aneu- 
rysms of the ascending aorta. Although most cases of superior 
caval syndrome are not related to aneurysms but to malignant 
neoplasms, it is important to recognize those less common cor- 
rectable cases in view of the significant morbidity associated with 
chronic caval obstruction. 

It is important, however, to consider the implications of the 
title. The authors intend, I am sure, that the word “correctable” 
should apply only to the localized manifestation of cystic medial 
necrosis that encroaches on the superior vena caval system. They 
would undoubtedly agree that the basic lesion is widespread in the 
aorta rather than just localized. Furthermore, what is cystic me- 
dial necrosis? It now appears to be not a primary process but 
rather a change in the aortic media secondary to impaired nutri- 
tion or a generalized ground substance defect as in Marfan syn- 
drome. Most patients have mild to far advanced atherosclerosis in 
association with cystic medial necrosis. Are the two related, and 
cystic medial necrosis indeed merely a part of the atherosclerosis 
process? To answer this question, more accurate semiquantitative 
appraisals of atherosclerosis, cystic medial necrosis, and chemical 
analysis of the ground substance of the aortic media are required. 

JOHN A. WALDHAUSEN, MD 
Hershey, Pa 
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Experimental Surgery 


With Portacaval Shunts 


Reduction of Mammary Carcinoma 


John F. O’Grady, MCh, FRCSI; Rose Marie Reichle, MEd; Margot Gruenstein; 


A reduced incdence of 9,10-dimethyl-1,2-benzanthracene 
(DMBA)-produced breast carcinoma has been demonstrated in rats 
having an end-to-side portacaval shunt. As the liver plays an impor- 
tant part in estrogen metabolism, the growth of established breast 
carcinema in rats with and without a portacaval anastomosis was 
studied after bilateral ovafiectomy was performed in both groups. 
Average increase in -umor size at death or one year after DMBA was 
2.48 + 0.57 cm for rats with no shunt (sham operation) and 
0:82 + 0.39 cm for rats with a shunt (P<.05). Following bilateral 
ovariectomy, the suppression of DMBA-produced mammary carci- 
noma growth was significantly greater in the rats with a portacaval 
shunt. 


n 1969 Reichle et al demonstrated a reduced in- 
cidence of 9,19-dimethyl-1,2-benzanthracene (DMBA)- 
produced breast 2arcinoma in rats having an end-to-side 
portacaval shunt.: They further demonstrated that this 
tumor inhibition was not due to altered absorption or me- 
tabolism of the carcinogen, but was related to a postshunt 
change in the host’s indigenous susceptibility to or de- 
fense against the tumor. As the liver plays an important 
part in estrogen metabolism, some change in the hormo- 
nal environment of the animal following hepatic bypass 
was considered o significance. The purpose of this experi- 
ment was to study the growth of established breast carci- 
nome in rats with and without portacaval shunts after bi- 
lateral ovariectomy had been performed. 


Methods 


One hundred five female Holtzman rats, 60 days old, were given 
10 mg of DMBA in 1.0 ml of sesame oil as a single intragastric in- 
stillation. After two weeks, end-to-side portacaval shunts were 
performed in 77 an‘mals and sham operations in 28. At weekly in- 
tervals the animals were weighed and the breasts examined for 
evidence of tumor growth. When palpable mammary tumors de- 
veloped, bilateral ovariectomy was performed. Following this pro- 
cedure, the change in the size of the breast tumors in both groups 
was monitored until the end of the experiment and then com- 
pared. 
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Portacaval shunt was performed using a nonsuture technique 
previously described elsewhere.’ The portal vein was passed 
through and cuffed over a small stainless steel butten and then in- 
serted into a previously placed purse-string suture in the vena 
cava. This technique provides insurance of a widely patent shunt 
and is associated with a short operating time and a low operative 
mortality. In the sham procedure, the abdominal exploration and 
length of anesthesia administration were similar, but no portaca- 
val anastomosis was performed. 


Results 
Of the original 105 animals given DMBA, 29 (15 shunt, 


14 sham) developed breast adenocarcinomas. Of these, 19° 


rats (ten shunt, nine sham) survived long enough after bi- 
lateral ovariectomy for adequate follow-up. No significant 
difference in postoperative weight gain was seen in either 
group (sham, 93.2+ 15.9 gm; shunt, 84.9+ 10.0 gm). The 
difference in the average time of death postbilateral ovari- 
ectomy was not significant either: sham, 85.7 + 11.8 days; 
shunt, 92.7 + 18.2 days. The average increase in tumor size 
at death or one year after DMBA was 2.48 = 0.57 for the 
sham group and 0.82+ 0.39 cm for the shunt group 
(P<.05). Following bilateral ovariectomy, the suppression 
of DMBA-produced mammary carcinoma growth was sig- 
nificantly greater in the rats with a portacaval shunt. 


Comment 


Polycyclic hydrocarbon-produced breast cancers have, in 
most instances, similar histological and hormone-depen- 
dent features to human breast carcinomas.’ Most tumors 
have the structure of adenocarcinomas, and ovarian hor- 
mones play a critical role in their initiation and growth. 
This hormonal effect is due primarily to alteration of the 
mammary target cells, rather than to changes in carcino- 
gen concentration of the breast tissue.‘ Following hepatic 
bypass, estrogen insufficiency is shown by ovarian at- 
rophy.° Increase in follicles and follicle cysts and a tend- 
ency to endometrial atrophy has also been described.’ In- 
trasplenic ovariah autotransplantation is associated with 
a significant inhibition of DMBA-produced breast cancer 
in the rat, an effect probably related to ovarian hypofunc- 
tion or accelerated hepatic estrogen conjugation, con- 
sequent to the initial drainage of ovarian venous efflux 
through the liver. Progesterone may also be a potent 
force in mammary carcinogenesis, and a possible cause of 
the observed postshunt tumor inhibition could be a change 
in the absolute or relative concentrations of these hor- 
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mones. Subestrogenation or subprogesterogenation of the 
mammary gland is unlikely to be the sole causative factor, 
as systemic administration of supplemental estrogen or 
progesterone did not obliterate the postshunt tumor inhi- 
bition.’ In the investigation reported here, the growth of 
established breast carcinoma after ovariectomy was sig- 
nificantly decreased (P<.05) in rats with a portacaval 
anastomosis (0.82 + 0.39 cm) when compared to those with 
a sham operation (2.48 + 0.57 cm). In some way, after he- 
patic bypass the hormonal requirements of the tumor or 
the host’s response to ovariectomy had been altered. 

Many changes in protein metabolism occur after por- 
tacaval shunt, with alteration in the relative concentra- 
tion of both urinary and intrahepatic amino acids. Diffuse 
alterations in histidine’ and serine* metabolism have been 
described. An increased activity of glucose-6-phosphate 
dehydrogenase and lactic dehydrogenase isoenzymes in 
rodent mammary tumors occurs after estrogen adminis- 
tration.” Following portacaval shunt, these and other en- 
zymes, including glutamine synthetase” and carbamoyl 
phosphate synthetase“ may have an altered activity. 
What part these changes, individually or collectively, play 
in tumor suppression after hepatic bypass is unknown. 

Changes in carbohydrate and insulin metabolism are 
likely after portacaval shunt. In rats with induced diabe- 
tes, the growth of mammary carcinoma transplants were 
markedly retarded.” Insulin dependence has been demon- 
strated in organ cultures of DMBA-produced mammary 
carcinoma.'* Tumors that are insulin dependent in organ 
cultures have a similar stringent requirement for insulin 
to grow in vivo and regress after induction of alloxan dia- 
betes."* Insulin deprivation may occur after portacaval 
shunt, but as yet little is known about the insulin concen- 
tration of mammary tissue after this procedure. 

Hepatic injury following partial hepatectomy” or fol- 
lowing the production of a fatty liver caused by feeding 
rats a fatty diet" is associated with a reduced incidence of 
experimental mammary cancer. Hepatic insufficiency may 
occur following portacaval shunt. However, using a nonsu- 
ture technique to perform the portacaval anastomoses, the 
animals do not do poorly in their general health. Parallel- 
ism is observed in weight-gain curves, and on gross in- 
spection the animals appear healthy, active, and viable. 


This investigation was supported in part by an institutional cancer grant 
to Temple University Sciences Center. 
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Editorial Comment 


The case, except perhaps for the omission of shunted sham- 
oophorectomy rats as another control, seems clear for the suppres- 
sion by portacaval shunt of the growth of DMBA-induced mam- 
mary carcinoma in oophorectomized and nonoophorectomized rats. 
In an era of enthusiasm about tumor immunology, Dr. Reichle and 
his colleagues have described in this and other articles an inter- 
esting phenomenon that may provide insights into the biochemical 
effects of hepatic metabolism on tumor growth. We are challenged 
to explain how portacaval shunting in the rat makes breast can- 
cers smaller, results in ovarian atrophy, and inhibits DMBA car- 
cinogenesis after intrasplenic ovarian transplantation. 

JEROME DECossE, MD 
Milwaukee 
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The Bacterial Etiology of 


Pneumatosis Cystoides Intestinalis 


Chartes E. Yale, ML, DSc; Edward Balish, PhD; Jane P. Wu, MD, Madison, Wis 


Pneumatosis cystoides intestinalis (PCI) is an uncommon condi- 
tion ef unknown cause characterized by the presence of gas-filled 
cysts within the wails of some portion of the gastrointestinal tract. 
In this investigation, gas-filled cysts were produced in the omentum, 
‘wound, mesentery, and intestine of the germ-free rat by injecting a 
pure culture of Clostridium verfringens into either the wall of the 
distal part of the small intestine and cecum, or into the peritoneal 
cavity. The disorder appearec to be self-limited in time, to be related 
to the amount of contaminateon, and to occur after minimal trauma 
to the intestines. These experiments prove that PCI can be caused by 
bacteria alone. Attempts to produce the lesion by monocontaminat- 
ing germ-free rats in a similae manner with pure cultures of any one 
of nine other common intestinal bacteria were unsuccessful. 


5 yeoman cystoides intestinalis (PCI) is an un- 
common condition maracterized by the presence of 
multiple, gas-filled zysts within the wall of some portion 
of the gastrointestinal tract. At times, similar cysts are 
found in other organs in “he abdominal cavity and within 
the mesenteric fat, omentum, or regional lymph nodes. 
This disorder is als known as pneumatosis intestinalis, 
intestinal emphysema, cystic lymphopneumatosis, and ab- 
dominal or intestinal gas eysts. The general aspects of the 
condition have been adequately reviewed by others.'* It 
occurs in both sexes and at all ages from the infant, only a 
few days old, to the aged It is usually believed to be a 
benign condition wich litte clinical significance. 

The cause of PCI is generally considered to be unknown, 
although there are bacterial, biochemical (acid-base), me- 
chanical, neoplastic, and nutritional theories for its ori- 
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gin.’ At present, most investigators seem to favor the 
mechanical theory, whereby air is thought to be forced 
into cysts along the intestine in one of two ways. In the 
first, intestinal gas passes through a mucosal tear, while 
in the second, pulmonary alveoli rupture in patients with 
chronic respiratory disease, and air escapes from the tho- 
rax by dissecting along the aorta and mesenteric blood 
vessels to the bowel. 

The bacterial theory has been intriguing but unaccept- 
able to most investigators, because PCI is frequently ac- 
companied by little gross or microscopical evidence of in- 
flammation (eg, peritonitis); bacteria are rarely seen in or 
about the cysts; cultures of the cysts are usually sterile; 
and the cysts could not in the past be reproduced by in- 
jecting bacteria into animals. Recently, Stone et al® were 
able to produce PCI in guinea pig bowel by injecting into 
the intestinal submucosa a pure culture of either Esche- 
richia coli, Enterobacter aerogenes, or Clostridium per- 
fringens. We first noted PCI in a series of germ-free rats 
with isolated segments of strangulated intestine that had 
been monocontaminated with C perfringens.’ We did not 
see PCI in many similar series of monocontamination ex- 
periments with several different strains of Æ coli, but did 
see it in presumably monocontaminated strangulation ex- 
periments with Klebsiella pneumoniae, Laetobacillus 
acidophilus, and Staphylococcus aureus. The final cultures 
of the isolation systems in each of these three latter ex- 
periments also revealed a concomitant accidenta! contami- 
nation with C perfringens. These monocontamimated ex- 
periments were subsequently repeated and PCI did not 
occur. To date, 16 species of bacteria have been studied in 
monocontaminated intestinal strangulation experiments, 
and PCI has been found only in those animals contami- 
nated with C perfringens (Table 1). 

This article summarizes the results of two groups of ex- 
periments. The first demonstrates the natural course of 
PCI in germ-free rats monocontaminated by either an in- 
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traperitoneal or submucosal injection of a pure culture of 
C perfringens. The second records our unsuccessful efforts 
to produce PCI in germ-free rats by similar monocontami- 
nations with each of nine other species of bacteria, includ- 
ing E coli and E aerogenes. 


Materials and Methods 


Clostridium perfringens Experiment.—Seventy-three germ-free 
Sprague-Dawley rats of mixed sexes were individually caged in a 
series of flexible film isolators. The weights of the females ranged 
from 284 to 390 gm and the males from 460 to 570 gm. Fifty of 
these animals were divided at random into two approximately 
equal operative groups. Each operative group was anesthetized in- 
tramuscularly with pentobarbital sodium (35 mg/kg of body 
weight), and the peritoneal cavity opened through a midline inci- 
sion. One group was given 1 ml of a C perfringens suspension con- 
taining 7.9 x 10° viable cells per milliliter intraperitoneally, while 
the second group received a total of 1 ml of a more dilute concen- 
tration of C perfringens (7.9 X 10* viable cells per milliliter) in- 
jected into nine separate sites in approximately equal amounts 
(three sites in the wall of the distal part of the ileum, two in the 
wall of the cecum, and four just beneath the peritoneum of the an- 
terior abdominal wall). Because the wall of the ileum and cecum of 
the germ-free rat is very thin, some of the dilute suspension was 
undoubtedly also injected onto the surface of the bowel as well as 


into its lumen. The abdomen was closed in two layers with 5-0 


chromic catgut. Three deaths occurred in the first 18 hours after 
operation, one after intramural (IM) and two after intraperito- 
neal (IP) injection. Approximately five of the remaining 24 ani- 


Table 1.—Bacteria Studied in Intestinal Strangulation 
Experiments in Monocontaminated Rats Showing No 
Incidental Occurrence of PCI 












Gram 
Stain 
Positive 





Oxygen 


Requirements 
Aerobic 







: Species 
S aureus, Streptococcus faecalis 






















Anaerobic C histolyticum, C novyi, 
C septicum, C sporogenes, 
L acidophilus, and L bifidus 
Negative Aerobic Cit freundii, E aerogenes, 






E coli, K pneumoniae, 
Proteus vulgaris, and 
Pseudomonas aeruginosa 


Bacteroides fragilis 















Anaerobic 








Species 








Table 2.—Characteristics of Bacteria Used for Monocontamination 


mals in the IM injection group and five of the 26 animals in the IP 
group were killed at 4, 7, 14, 24, and 43 days after the operation. 
The 20 rats that did not undergo operation were housed in the 
monocontaminated isolators with the animals that did undergo op- 
eration. Approximately equal numbers of these animals were 
killed at 9, 14, 28, 31, and 55 days after monocontamination. After 
killing, a culture was taken of the peritoneal cavity and a ¢areful 
inspection was made of the abdomen and chest for any evidence 
of PCI. Appropriate tissues were taken for staining with both 
hematoxylin-eosin and Gram stain. 

Survey of Other Bacteria.—Ten germ-free Sprague-Dawley rate 
of each sex were individually caged in each of nine separate isola- 
tion systems. The weights of these 180 animals were comparable 
to those of the animals used in the C perfringens experiment, A 
bacterial test suspension containing approximately 10° viable cells 
per milliliter was introduced into each of the nine isolators, each 
isolator receiving only one of the nine bacterial species under 
study (Table 2). In the manner outlined in the C perfringens ex- 
periment, five animals of each sex received IM injections, and four 
animals of each sex were given IP injections. The last two rats 
served as controls and did not undergo operation. The animals 
were killed 14 to 21 days after operation, and the abdominal and 
thoracic cavities were carefully inspected for any gross evidence 
of PCI. 

Characteristics of Cultures.—Some of the characteristics of the 
ten species of bacteria used in these experiments are summarized 
in Table 2. Seven of the ten are known to produce gas under cer- 
tain circumstances. The morphologic and biochemical character- 
istics of each species were verified prior to use, and again verified 
from single colony isolates from the isolation system at the end of 


Table 3.—Occurrence of PCI in 
C perfringens Monocontaminated Rats 


Time After 
Contamination, Days 


4 2 14 24 43 


IM Contamination 
Animals with PCl/animals in group 1/5 3/5 4/5 4/5 2/4 


Animals with PCI of the 
Intestine 


Omentum 
Wound 
IP Contamination 
Animals with PCl/animals in group 0/5 2/5 4/5 5/5 5/6 
Animals with PCI of the 
Intestine 0 2 3 3 4 


Omentum 0 1 1 4 4 
_ Wound O 40 aoe 

















Strain Gas Producer Gram Stain Oxygen Requirements 

Cit freundii ATCC 8090 Yes >> Aerobic, facu'tatively anaerobic 
C novyi Yes T Anaerobic 
C perfringens ATCC 3624 Yes + Anaerobic 
C sporogenes ATCC 19404 Yes + Anaerobic 
E aerogenes ATCC 13048 Yes — Aerobic, facultatively anaerobic 
E coli ATCC 12014 Yes = Aerobic, facultatively anaerobic 
K pneumoniae ATCC 13883 Yes — Aerobic, facultatively anaerobic 
L acidophilus ATCC 4356 No + Microaeroph lic 

__L bifidus ATCC 11146 | No + Anaerobic 
S aureus 80/81 No + Aerobic, facultatively anaerobic 
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Fig 1—Pneursatoss cystoides intestinalis involving cecum of 
germ-free rat 24 cays after IM monocontamination with C per- 
fringens. 


Fig 2.—Excised pertion of anterior abdominal wall of rat showing 
"sgap-bubble” appearance of numerous gas-filled cysts attached to 
peritoneal surface >f abdominal wound, 24 days after IP mono- 
contamination with C perfringens. 


Fig 3.—“‘Grapelike’” clusters of large gas-filled cysts in omentum 
of rat, 43 days afte IP monocontamination with C perfringens. 


each experiment. 

Growth of Inoculum.—The three Clostridium species were grown 
in cooxed meat mecium, the two Lactobacillus species in all-pur- 
pose enriched breth and the five remaining species in brain heart 
infusion broth. After 18 hours at 37 C, the cells were harvested by 
centrifugation (5,00 xg for ten minutes), washed three times by 
alternate centrifugat.on and resuspension in tryptose-saline (1 
gm tryptose and 5 gm sodium chloride in 1 liter of distilled water), 
and finally suspended in 8.5% sucrose solution. The initial suspen- 
sions varied from 92 x 10° zo 9.9 x 10° viable cells per milliliter, 
and approximately _2 hours later, after the suspensions had been 
removed from the sdlation systems, the concentrations had de- 
ereased by less than 2 logs. 

Isolstor Monitoring.—Feces from each animal prior to operation, 
the feees and materials in each isolator at weekly intervals, and 
the peritoneal cavities at death or killing were cultured in the 
follewmg media: (a)fluid thicglycolate medium aerobically and an- 
aerobically at 37 C, b> aerobic and anaerobic tryptose blood-agar 
base with 5% defibrmeted sheep blood at 37 C, and (c) Sabouraud 
dextrose agar slants cerobically at room temperature (22 C). 


Results 
Clostridium periringens Experiment.—After the initial 
three deaths duriag the first 18 hours after operation, all 
the remaining 50 animals that had undergone operation 
lived until killing After an initial weight loss of 5% to 10% 
ef bocy weight, the animals gradually regained their lost 
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weight and the final weights exceeded the initial weights 
of most of the ten animals killed 43 days after operation. 
The gross occurrence of PCI at autopsy is summarized 
in Table 3. It occurred in both sexes in equal frequency af- 
ter either IM or IP injection did not occur in any of the 20 
animals that did not undergo operation. Overall, 14 of 24 
animals after IM injection and 16 of 26 animals after IP 
injection had gross PCI at autopsy. It took some time for 
the PCI to develop, only four of ten after IM and two of 
ten after IP injection, autopsies having been performed 
four and seven days after operation, having PCI. Combin- 
ing the results of autopsies at 14, 24, and 43 days after op- 
eration, ten of 14 animals after IM and 14 of 16 after IP 
injection developed PCI. It would appear in this experi- 
mental model that PCI would be present 14 to 24 days af- 
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Fig 4.—Portion of wall of cecum shown in Fig 1. Note multiple cystic spaces in mucosa, submucosa, and subserosa (hematoxylin-eosin, x 


Fig 5.—Left, Peritoneal surface of abdominal wound shown in Fig 2. Note intense inflammatory 
response in walls of cyst (hematoxylin-eosin, x 25). Right, Portion of Fig 5, top, showing that in- 
flammatory cells at this time are mainly plasma cells and lymphocytes (hematoxylin-eosin, x 100). 
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ter contamination if it were going to develop at all. 

After IM injection, it appears that (1) PCI may develop 
faster than after IP injection; (2) the intestine is most fre- 
quently involved with PCI, the omentum infrequently, 
and the wound perhaps never; and (3) from an overall 
view of the autopsies, the intensity of the reaction in the 
intestine is aba-ing by 43 days after contamination. After 
IP injecticn, it appears that (1) the intestine, omentum, 
and wounc are requently involved; and (2) by 48 days af- 
ter contamination, the reaction in the wound has largely 
subsided. 

The typical gross appearance of PCI in the cecum, 
wound, and omentum is illustrated in Fig 1 through 3. The 
cecum was usually involved, the terminal ileum occasion- 
ally, and the transverse and descending colon only rarely. 
The rest of the gastrointestinal tract was free of the 
disorder. Pneumetosis cystoides intestinalis was usually 
noted in the mesentery acjacent to the diseased bowel. In 
the intestine, POI had a variety of appearances, from that 
of an intestinal segment whose wall was a soft, crepitant, 
bubbly mass of 1 to 2 mm diameter gas-filled cysts, to the 
other extreme, where the only involvement was one of two 
large (4 to 10 mm diameter) gas-filled cysts firmly at- 
tached to cr located just beneath the serosa. Figure 1 illus- 
trates a little of each of these extremes. The undersurface 
of the wound f-equent_y looked as though it were coated 
with a frothy spoonful of soap bubbles (Fig 2). Figure 3 il- 
lustrates the grape-like clusters of large gas-filled cysts 
frequently seem in the omentum. These omental cysts 
were often attached to the peritoneal surface of the other 
organs in the abdominal cavity. We did not see any PCI in 
the wall of the proximal part of the gastrointestinal tract, 
in the other intraabdominal organs (liver, spleen, uterus, 
or kidneys), or in the thoracic cavity. 

Representative microscopical sections of cecal, wound, 
and omental eysts are shown in Fig 4 through 6. The cystic 
spaces were frequently found in both the intestinal sub- 
mucosa and subserosa (Fig 4) and were lined by long flat 
cells (presumably histiocytes) and separated from each 
other by connest-ve tissue containing a variable number 
of inflammatory cells (leukocytes, plasma cells, lympho- 
cytes, macrophages, and foreign body giant cells.) Many 
bacteria, typical of C perfringens, were seen on the bowel 
mucosa, and some were seen in the inflammatory reaction 
in the connective tissue. However, no bacteria were seen 
in the cysts themselves. The pericystic inflammation had 
markedly decreased in the tissues of the animals killed 43 
days after contamination, and bacteria were rarely seen 
in the tissue ad azent to the cysts at that time. Sections of 
the gas-filled cysts attached to the wound (Fig 5) or omen- 
tum (Fig 5) were similar to those in the cecum. The in- 
flammatory respcnse ir the subperitoneal tissues adjacent 
to the incised muscle (Figure 5, right) was much more in- 
tense thar that cbserved about the omental cysts. Again, 
bacteria were mot seen in the cystic spaces, and very few 
were observed n the tissue immediately surrounding the 
cysts. 

At the beginning of each autopsy, which was done in- 
side the isolator, the peritoneal cavity was carefully 
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Fig 6.—Cystic spaces in omentum shown in mE 3 (brent -€0- 
sin, X 25). 


opened and a dry, sterile cotton swab rubbed along the 
surface of the tissue containing the PCI. There was rarely 
any fluid in the peritoneal cavity. Without exception, C 
perfringens grew from these cultures, although the extent 
of the contamination seemed to vary from animal to ani- 
mal. We cannot say with any certainty whether the peri- 
toneal cavities were contaminated before or only after 
they were opened, since the animals’ abdomens were not 
shaved or washed with antiseptics, and presumably mono- 
contaminated instruments were used to open the peri- 
toneal cavities. 

All of the isolators used in this experiment were free 
from defects at the conclusion of the experiments. All ini- 
tial cultures of the animals and the isolators before mono- 
contamination were sterile. After the monocontamina- 
tion, subsequent serial cultures of the isolators showed 
them to remain monocontaminated with C perfringens. 

Survey of Other Bacteria.—The nine other bacteria sur- 
veyed (Table 2) failed to produce any visible signs of PCI 
when the animals were killed between 14 and 21 days af- 
ter monocontamination. All of the animals lived until 
killed except some of those monocontaminated with Citro- 
bacter freundii, E aerogenes, and E coli. After IM injec- 
tion, all ten animals monocontaminated with either Cit 
freundii or E aerogenes lived until killed, while only five of 
ten animals monocontaminated with Æ coli survived. Af- 
ter IP injection, one of eight E coli, three of eight E aero- 
genes, and five of eight Cit freundii monocontaminated 
rats lived until killing. 

All isolation systems and animals were initially sterile. 
Serial cultures after operation proved that the isolators 
and animals were monocontaminated with the appropri- 
ate bacteria throughout the experiments. 


Comment 


These experiments prove that at least one species of 
bacteria, C perfringens, can consistently preduce PCI in 
the germ-free rat. Since C perfringens is fairly frequently 
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isolated from the small intestine and colon of man,” we 
assume it can cause PCI in the human. Although neither 
the clinical nor economic significance of this finding is 
probably very great, it is important new information 
about the cause of a disorder that has interested physi- 
cians for several centuries. The lesions we produced in rats 
were similar in all respects to those found in humans." 

The natural course of the disease seems to be of a lim- 
ited duration. It took several days for PCI to develop, and 
the intensity of the reaction appeared to be decreasing by 
43 days. For example, after IM injection, only one of five 
intestines were involved at four days, three of five at 
seven days, and four of five at 24 days, but only one of 
four after 43 days. Likewise, after IP injection, none of 
five wounds were involved after four and seven days, four 
of five at 14 and 24 days, and none of six at 43 days. Micro- 
scopically, there was much less inflammatory reaction 


about the cysts in the animals killed later in the experi- 


ment. 

Based on these experiments, we assume that the bac- 
teria must come into contact with some traumatized tissue 
for the disease to occur. Pneumatosis cystoides intestinalis 
was not found in any of the controls that did not undergo 
operation that were monocontaminated with C perfrin- 
gens or in a preliminary series of experiments where the 
rectums of these animals were mildly traumatized with 
daily rectal temperature probes for several days. The ap- 
pearance of gas cysts in the wounds after IP but not after 
IM injection suggests that the appearance of PCI is re- 
lated to the concentration of the organisms in the injured 
tissue (wound). The fact that PCI developed in the intes- 
tines about as often after IP as after IM injections sug- 
gests that even the trauma of gently handling the intes- 
tine is enough to cause the reaction to occur. We noted 
that the intestinal lesions after IP injection were sub- 
mucosal as well as subserosal—and identical to the intesti- 
nal lesions after IM injection. We assume that most PCI 
originates by contamination of the wall of the intestine 
through a mucosal injury, and that omental or wound gas- 
filled cysts occur only if the peritoneal cavity is contami- 
nated in some manner. 

The strain of C perfringens used in these experiments is 
a heavy gas producer. We believe that the organisms mul- 
tiply rapidly in the mildly traumatized tissue and that the 


gas-filled cysts result from the gas produced during the 
growth of the bacteria in the injured tissues. Stone et al® 
reported PCI in guinea pigs after IM injections of pure 
cultures of E coli and E aerogenes as well as C perfringens. 
Both of the former organisms are Gram-negative aerobes 
that are also facultatively anaerobic. We doubt seriously 
that E coli can produce PCI by itself. We have done many 
intra-abdominal experiments in germ-free rats monocon- 
taminated with each of several different strains of E coli 
and have never observed PCI.: We assume the guinea pigs 
studied by Stone et al harbored C perfringens in their gas- 
trointestinal tract, and the PCI resulted from the C per- 
fringens rather than from the Æ coli. We did not see PCI 
after injections with E aerogenes nor any other species of 
bacteria studied. It was particularly interesting that nei- 
ther C novyi nor C sporogenes produced PCI. We hesitate 
to believe that PCI is pathognomonic of an injury contam- 
inated with C perfringens; however, we have not found an 
experimental procedure nor a concentration of any other 
bacteria to date that will produce PCI in a monocontami- 
nated rat. 

Clinically, cultures of the peritoneal cavities of patients 
with PCI are usually reported to be sterile. It would be un- 
usual for most laboratories to miss the common Gram- 
negative aerobes on culture, but not uncommon for them 
to miss an anaerobe like C perfringens. In our animals 
with PCI, there was rarely any peritoneal fluid, and Gram 
stains of the peritoneal surface and cavities of the cysts 
rarely showed any bacteria to be present. Because of these 
findings and because of the difficulty of culturing a peri- 
toneal cavity in a monocontaminated isolator, we cannot 
postulate that careful anaerobic cultures should be posi- 
tive in patients with PCI. We say this despite the fact 
that all the cultures from our animals with PCI were posi- 
tive for C perfringens. 

While this series of experiments does not disprove the 
theories advanced by others for the cause of PCI, we be- 
lieve the neoplastic theory is highly unlikely and that 
probably the neoplastic ulcer is the break in the mucosa 
that allows the bacteria to enter the injured tissue. The 
fact that intestinal PCI can occur after minimal injury 
and IP monocontamination with C perfringens makes the 
biochemical, mechanical, and nutritional theories even less 
acceptable to us as possible alternative causes. 
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Autogenous Vein Grafts in 


Experimental Canine 
Atherosclerosis 


Their Fate in the Abdominal Aorta and Peripheral Arteries 


Henry Haimovici, MD, Nelicie Maier, MD, PhD, Bronx, NY 


The fate of autogenous veir grafts inserted into the abdominal 
aorta and peripheral arteries was studied in experimentally induced 
canine atherosclerosis. The grafts in the abdominal aorta developed 
atherosclerotic changes, became dilated, and, in most instances, 
were surrounded by a moderate to severe fibrous reaction. Micro- 
scopically, all three coats of the vein were involved in variable de- 
grees with characteristic morphologic and lipid degenerative 
changes. The grafts mplanted by end-to-side anastomosis into pe- 
ripheral arteries (femoral, carotid) displayed minimal or no athero- 
matous changes while those implanted by end-to-end anastomosis 
become stenosed or occluded by organized thrombi. Among the fac- 
tors thet may contribute to wenous atherogenesis are the morpholog- 
ic changes, turbulence, increased pressure, and filtration factors. 
Whea veins are placed artificially in the arterial tree, other factors 
than the tissue itself appear responsible for the morphologic and 
lipid degenerative changes. 


ieee in their normal location in man or experimental 
animals do not develop atheromatous changes even 
in the presence of prolonged and severe hyper- 
cholesterolemia. The venous tissue resistance to ath- 
erosclerosis, a facz in marked contrast to the arterial tis- 
sue susceptibility to this process, has raised obvious 
questions concerning its pathogenesis. 

Recently a few published clinical reports indicate that 
atherosclerotic changes may occasionally occur in an au- 
togeneus vein graft implanted into an artery.'* Although 
such reports are few in number so far, concern has been 
expressed that vein grafts in the arterial system of pa- 
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tients with atherosclerosis may be subject to degenerative 
changes due to this process. With the widespread use of 
vein grafts in the management of arteriosclerotic occlu- 
sive disease of the peripheral arteries as well as of the cor- 
onary vessels, the study of potential vulnerability of 
venous tissue to atherogenesis has received further im- 
petus. To provide an answer to this question, a number of 
investigators have studied the behavior of vein grafts in 
the arterial system in animals exposed to an atherogenic 
regimen." "° The results of these investigations and their 
interpretation have led to some controversy. 

The present article based on our study of experimental 
atherosclerosis in the dog was designed to evaluate (1) the 
fate of autogenous vein grafts inserted into the abdomi- 
nal aorta and peripheral arteries and (2) the factors in- 
volved in venous atherogenesis under these experimental 
conditions. 


Material and Methods 


Twenty male mongrel dogs were used. They ranged in age from 
1 to 3 years and weighed between 15 and 25 kg. Two groups of ex- 
periments were carried out: (1) Reversed autogenous vein grafts, 
4 to 6 cm long, using the external jugular vein, were inserted by 
end-to-end anastomosis into the abdominal aorta between the re- 
nal and inferior mesenteric arteries. (2) Segments either of auto- 
genous external jugular or of femoral vein were implanted into 
the carotid or femoral arteries, respectively. These reversed 
grafts were inserted end-to-end on one side and end-to-side on the 
contralateral neck or limb. 

Concurrently with the excision of the jugular vein, a near-total 
surgical thyroidectomy was also carried out with preservation of 
at least one parathyroid gland. Two to four weeks after recovery 
from surgery, all animals were placed on a cholesterol-thiouracil 
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regimen. The average daily cholesterol intake was 0.6 to 0.8 
gm/kg of body weight. The average amounts of thiouracil ranged 
from 60 to 100 mg/kg of body weight, and were adjusted regularly 
so as to maintain the blood cholesterol level around an average of 
at least 1,000 mg/100 ml of serum. Determination of the degree of 
serum cholesterol was carried out biweekly by the method of Abell 
et al. The animals were killed at various intervals. For the jugu- 
lar grafts into the abdominal aorta, the average experimental du- 
ration of the hypercholesterolemia was 11 months, with a range of 
7 to 19% months (Table 1). For the vein grafts into the peripheral 
arteries (carotid, femoral) the average experimental duration on 
the diet was 26 months, with a range of 23 to 29 months (Table 2). 

At autopsy, the entire cardiovascular system was examined and 
careful notation made of all lesions. All grafts were graded for de- 
gree of gross atherosclerotic lesions. Four grades based on intimal 
surface involvement were arbitrarily established as a guide for 
the classification of the extent of the lesions: 1+, 5% to 25%; 2+, 
25% to 50%; 3+ , 50% to 75%; 4+ , 75% to 100%. Microscopical studies 
of the graft and adjacent host aorta or peripheral arteries were 
performed in all cases. 

The following stains were used for the microscopic sections: 
hematoxylin-eosin, Verhoeff- Van Gieson, Masson trichrome, muci- 
carmine, Alcian blue, and Sudan IV-hematoxylin. The latter stain 
was performed on frozen sections, prefixed in formalin. 


Results 


Grafts in Abdominal Aorta.—Table 1 summarizes the de- 
gree of atherosclerosis in terms of intimal surface involve- 
ment of the jugular graft and the corresponding relative 
lesions of the adjacent host aorta and iliac artery. The 
data indicate that the jugular graft displayed a more ad- 
vanced atheromatous process than the aorta but to a 
lesser degree than the iliac artery. Grades 3+ and 4+ 
were present in 50%, 32%, and 62% in the graft, abdominal 
aorta, and iliac artery, respectively. In the remainder of 
the experiments the graft was either equally or less in- 
volved than the adjacent host arteries. The duration of the 
atherogenic regimen and the average serum cholesterol 
did not seem to parallel the degree of the atheromatous le- 
sions. 

Of considerable significance was the constant finding of 
dilation of the graft, especially at its midportion (Table 3). 
Although at the time of its implantation the diameters of 
the graft and aorta seemed to match well, at the comple- 
tion of the experiment there was invariably a significant 
disparity between host and graft diameters. Thus at post- 
mortem, as indicated in Table 3, the average diameter of 
the host aorta measured 1.7 cm as compared to 2.6 cm of 
the graft, an average increase of 65% over the original 
size (Fig 1). Aortography carried out in vivo consistently 
showed the graft to be dilated (Fig 2). 

Gross Findings.—The graft in most instances was sur- 
rounded by a moderate to severe fibrous reaction and ap- 
peared always thicker than the originally implanted ves- 
sel. Much of this increased thickness was obviously due to 
the perivenous fibrosis and scarring, although some de- 
gree of intrinsic mural changes were also apparent. All 
the grafts were patent and displayed variable degrees of 
lesions, ranging from 25% to 100% of intimal surface in- 
volvement (Table 1). Plaques of various sizes, either iso- 
lated or confluent, some fibrous or yellowish and some 
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grayish-white, were the main elements grossly visible 
throughout the grafts (Fig 3). Appearance of these lesions 
differed to some extent from those in the adjacent arteries 
in that theirttima was thickened and the plaques were fi- 
brous rather than yellowish. Ulcerations or thrombi were 
not apparent grossly in these grafts. 

Microscopical Findings.—Description of the microscop- 
ical changes will be confined to those in the vein grafts, 
since the induced atherosclerotic lesions in the arteries are 
well known.'*"4 

Before describing the experimentally induced structural 

changes it may be useful to review briefly the normal cell 
structure of the vein wall. 
_ The normal jugular vein is a very thin-walled structure. 
Its intima consists of a single layer of endothelial cells, 
usually separated from the media by a poorly developed 
internal elastic membrane. The media contains a small 
and variable number of concentric layers of smooth 
muscle cells and only scant elastic fibers. The adventitia is 
the thickest coat, containing elastic fibers interlaced 
loosely with collagen and rare vasa vasorum. 

Evaluation of the histologic changes of the grafts is 
based on the lesions developed in these implants studied 
at the completion of the experiments that ranged in dura- 
tion between 7 to 19% months. All grafts exhibited 
marked changes that involved its three coats. The intima 
was always thickened. From the normal monocellular 
layer, the thickening of the intima invariably represented 
one third or more of the entire vein wall. This intimal hy- 
perplasia was due to a proliferation of mesenchymal ele- 
ments. Besides the latter changes, plaques of variable de- 
grees were always present. Most plaques were covered by 
a thick fibrous collagenous capsule. Lipid deposits were 
found occasionally within this intimal layer (Fig 4), but in 
the majority of cases were at the base of the plaques. They 
appeared either rarely as medial intracellular masses of 
foam cells (Fig 5) or more often as extracellular masses of 
cholesterol clefts (Fig 6). The internal elastic membrane 
was usually poorly definable or appeared broken or frag- 
mented. The media displayed fibrosis replacing often the 
smooth muscle cells and its elastic elements. Not in- 
frequently masses of cholesterol clefts were found within 
the media. The adventitia was always thickened due to 
perivenous fibrosis. Its thickness, in some cases, comprised 
more than half of the vein wall. Vasa vasorum or small ar- 
terioles in the adventitia and periadventitial layer exhib- 
ited occasionally atheromatous, changes. 

In brief, the microscopical findings of the vein grafts 
implanted into the abdominal aorta were those of (1) ath- 
eromatous lesions similar to those seen in the arterial tis- 
sue, (2) fibrotic changes of the vein wall, and (8) variable 
degrees of vein hypertrophy. The latter two findings are 
considered as being characteristic features of ‘‘arterializa- 
tion” of the vein. 

Grafts in Femoral and Carotid Arteries.—Eight autoge- 
nous vein grafts were implanted into the femoral and ca- 
rotid arteries in three dogs. Six grafts were placed into 
the femoral and two into the carotid. Four of the grafts 
were implanted as a bypass and four by an end-to-end 


Autogenous Vein Grafts/Haimovici & Maier 


procedure. On one side, after excision of 1.5 cm to 2.0 cm of 
the artery, a slightly longer segment of the femoral or ex- 
ternal jugular veir was ased to bridge the arterial defect. 
On the contralateral side, a segment of 3.0 to 3.5 cm of 
these reins was used to bypass the corresponding artery. 
In two of the latter experiments, the artery was ligated to 
force the blood flow exclusively through the bypass graft. 

Table 2 summarizes the duration of the atherogenic 
diet, the serum cholesterol levels, and the degree of ath- 
erosclerosis of the host arteries and the vein grafts. 

Gross examination of the vein implants inserted end-to- 
side showed that they were all patent. Except for one in- 
stance of minimal atheromatous lesion, these grafts ap- 
peared free of such gross degenerative changes after a pe- 
riod of two years cr more, Doth in the femoral and carotid 
sites. By contrast, during the same period of time, the 
end-to-end vein grafts implanted in the contralateral side 
disclosed stenosis of the lumen by organized thrombi in 
three and complete occlusion in one. Variable degrees of 
narrowing at the suture lines were noted in the end-to- 
end implants. The diameter of these vein grafts was 
greater than that of the corresponding artery by approxi- 
mately 30% at the time of implantation and slightly more 
at postmortem examination. 

Microscopically the intima of these vein grafts appeared 
thickened, although not as uniformly as in those seen in 
the vein grafts implanted into the aorta. The media 
showed fibrous thickening. Adventitial and perivenous fi- 
brosis was present, but to a lesser degree than in the pre- 
vious group of experiments. Lipid deposits in these grafts 
were absent except in one instance (dog T,) as indicated in 
Fig 7. The host artery, by contrast, displayed typical ath- 
eromatous changes in all instances (Table 2). 


Comment 


This study, designed to evaluate the fate of vein grafts 
in the arterial tree df -he dog receiving an atherogenic 
diet, has disclosed that -heir location and type of implan- 
tation may determine their biologic behavior. From the 
foregcing data it is evident that (1) veins implanted into 
the abdominal acrta by. end-to-end anastomosis main- 
tained their patenzy but became dilated and appeared vul- 
nerable to atheromatcus degeneration, (2) veins im- 
planted by end-to-side anastomosis into peripheral 
arteries remained patent and displayed minimal or no 
atheromatous changes, and (8) veins implanted into the 
peripheral arteries by end-to-end anastomosis, after a pe- 
ried of patency, became eventually stenosed or occluded, 
while the adjacent host as well as the systemic arteries al- 
ways displayed variable degrees of atherosclerosis. 

The mechanism underlying the development of ath- 
eroma in transplanted veins into the arterial tree is not 
entirely elucidated. 

In the human, venous atheroma, as a pathologic entity, 
has rarely been reported. Geiringer’ described yellowish 
plaques about the origim of the inferior vena cava. These 
lesions were strictly localized to this anatomical area and 
were ettributed to the mechanical stress to which the vein 
is subjected at this poirt. Spontaneous venous atheroma- 
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tosis, if present, is a great rarity, and interpretation of its | 


nature remains subject to controversy. 

However, segments of veins when transplanted as arte- 
rial substitutes either in patients with arteriosclerosis or 
in animals subjected to an atherogenic diet, may develop 
atheromatous degenerative changes. 

Since among the important factors to which veins are 
exposed when transplanted into the arterial environment 
is a change from a low to a high pressure system, it is nat- 
ural to assume that the latter may play a significant role 
in initiating the altered biologic responses of the venous 
tissue. 

Pathogenesis of atherosclerosis is a complex process and 
depends on multiple factors. Among the factors respon- 
sible for venous atherogenesis and pertinent to this dis- 


cussion are (1) the morphologic changes occurring in veins 


implanted into the arterial tree, independent and possibly 
preceding development of atherosclerotic lesions; (2) tur- 
bulence; (3) pressure and filtration factors, and (4) ath- 
erogenic factors. 

Autogenous vein grafts implanted into the arterial sys- 
tem, in the absence of atherogenic diet, undergo mor- 
phologic changes noted long ago by earlier investigators. 
Carrel," using a small segment of inferior vena cava im- 
planted into the cat aorta, noted only a slight change in its 
external diameter. However, the thickness of the wall of 
the vena cava had increased considerably. Early changes 
consisted of slight intimal thickness in contrast to the ad- 
ventitia’s greater volume. The media underwent a very 
marked hypertrophy characterized by an increased num- 
ber of muscular fibers and proliferation of the interstitial 
connective tissue. Degenerative changes were not present. 
Late histologic changes altered the venous wall pro- 
foundly. Subsequently, Carrel and Guthrie” described inti- 
mal thickening in their vein grafts, ascribing it to an at- 
tempt of the vein to assume the character of an artery, 
and introduced the term of “arterialization.” 

Chatterjee et al,'* in their study of femoral artery vein 
grafts in dogs examined from 193 to 466 days after inser- 
tion, found a loss of almost all of the original medial tissue 
and replacement by fibrous tissue and intima! thickening 
with a subendothelial smooth muscle layer. 

More recently a study by Jones et al” on autogenous 
vein grafts used for canine femoral and aortoeoronary ar- 
terial bypass were evaluated from 2 to 365 days postopera- 
tively. Shortly after implantation, femoral grafts showed 
focal endothelial disruption, mural fibrin deposition, and 
medial edema with inflammatory infiltrates, while later 
there was loss of medial smooth muscle cells and focal 
subendothelial lesions. Therefore, the concept of arteriali- 
zation propounded by Carrel” does not seem to be con- 
firmed by the above-mentioned studies.'*”° 

Parallel with the above morphologic changes, progres- 
sive and significant dilation of the vein graft, whether in 
a peripheral artery or in the aorta, is a well-known compli- 
cation and has been commented on previously." In the 
present study, although at the time of implantation the 
grafts and the aorta appeared isodiametric, at the end of 
the experiment an average increase of the vein graft was 
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65% over the original size. That vein implants have a tend- 
ency to enlarge under the impact of the arterial pressure 
is also demonstrable in arteriovenous fistulas. In a previ- 
ously reported work from our laboratory” on inferior vena 
cava bypass with a temporary arteriovenous fistula of the 


Table 1.—Autogenous Jugular Vein Implanted Into 
Abdominal Aorta: Serum Cholesterol Levels and 
Degree of Atherosclerosis 


Degree of Atherosclerosis 


rÁ 
Duration of Host 
Dog Atherogenic Cholesterol, * Host Jugular Iliac 
No. Regimen, mo mg/100 mi Aorta Graft Artery 
38 15 10394 IF 4+ 4+ 
(713-3,290) 
1,817 1+ 4+ 4+ 
(405-3,980) 
53 1,534 24 i+ 4+ 
(686-3,095) 
54 1,337 2+ 
(687-3,310) 
1,074 
(540-2,090) 
825 
(528-1,215) 
2,113 
(1,148-4,040) 
985 
(488-1,957) 
1,948 
(455-3,770) 
2,823 
(1,856-3,480) 
1,923 
(1,120-3,590) 
578 
(370-1,493) 
1,703 
(945-3,550) 
1,026 
(568-1,778) 
1,283 
(450-2,135) 
942 
(237-1,505) 


52 191 





* Ranges of variation are shown in parentheses. 


Table 2.—Autogenous Veins Implanted Into 
Peripheral Arteries 


Average Degree of 
Atherogenic Serum Atherosclerosist 
Regimen, Cholesterol,* —— _ ——~—__——__, 
mo mg/100 m! Artery Graft 
RFVB 1+ 
LFA 2+ LFVE O 
RFA 1+ RFVE Occluded 
(333-976) LFA 1+ LFVB O 
23 1,256 RFA 2+ RFVB O 
(292-2,250) LFA 2+ LFVE O 
O 
0 


Duration of 


29 577 RFA 3+ 


(416-868) 
26 603 


RCA 3+ RJVB 
LCA 3+ LJVE 


* Ranges of variation are shown in parentheses. 


t Abbreviations: right, R; left, L; femoral, F; carotid, C; jugular, J; 
artery, A; vein, V; bypass graft, B; end-to-end graft, E. 
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femoral vessels, the segment of external jugular veins 
used for the bypass increased in its diameter by an aver- 
age of 217%. 

Enlargement of the graft leads to variable degrees of 
turbulence in blood flow. This hemodynamic phenomenon, 
combined with an atherogenic diet, is considered a major 
factor in inducing atheromatous changes. In the present 
study, the severe hypercholesterolemia, with averages 
ranging from 825 to 2,113 mg/100 ml in the majority of 
the cases (12 of 16), coupled with a high pressure system 
and added turbulence of flow, are the three major physio- 
pathologic factors that may account for the venous ath- 
erogenesis. These factors appeared more applicable in the 
grafts implanted into the abdominal aorta than in the pe- 
ripheral arteries. Indeed, our data seem to indicate that 
the venous autografts are more vulnerable when placed in 
the abdominal aorta than in the peripheral arteries. Sim- 
ilar results were noted by others. Thus, Sako’* found ath- 
eromatous degeneration of venous grafts inserted into the 
aorta and iliac arteries in the dog submitted to an ath- 
erogenic diet similar to that used in the present study. 
Likewise Friedman,’ by inducing hypercholesterolemia in 
the rabbit, found that venous grafts implanted into the 
aorta developed atherosclerosis. Wyatt and Gonzales,’ 
using an atherogenic diet in the dog, produced athero- 
matous lesions in autogenous jugular vein grafts inserted 
into the carotid artery. Among other factors, these inves- 
tigators felt that turbulence may have been partly respon- 
sible for the observed changes. More recently Scott et al’ 
reached the same conclusions, namely that in the dog sub- 
jected to an atherogenic regimen, venous grafts developed 
severe atheromatous lesions when implanted into the 
aorta, iliac, and femoral arteries. By contrast, Penn et al,’ 
using the femoral and carotid as the site of the venous 
graft implantation, failed to obtain atherosclerotic lesions 
in their dog experiments. 


Table 3.—Comparison of Diameters of Venous Grafts 
and Adjacent Abdominal Aorta (at Postmortem) 


Host Aorta 
Dog PERATA as oe Sa Ee ASE ACES ER TN Jugular 
No. Proximal, cm Distal, cm Graft, cm 


38 15 t.S 3.5 
52 LS 1.3 2.5 
53 1.8 1.6 2.8 
54 1.7 1.6 3.4 
55 2.2 2.0 3.0 
56 2.0 2.0 2.3 
57 2.2 2.0 3.0 
58 1.8 1.8 1.8 
59 2.3 2.0 2.5 
1.9 1.8 2.0 
1.5 1.3 2.5 
1.8 1.6 2.8 
1.5 1:3 2.3 
1.7 1.6 25 
1.8 1.8 3.0 
1.8 1.6 2.6 
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Fig 1.—Relative average diameter of vein graft at implantation 
(1.7 cm) and at terrrination of experiment (2.6 cm). 


While our findings in che vein grafts implanted into the 
aorta are in agreement with those of Sako% and Scott et 
al,*these in the femora! and carotid are at variance with 
the results of Wyatt and Gonzales,” but are essentially 
similar with the conclasions of Penn et al. The dif- 
ferences between the various reported data may be ac- 
counted for, in great part, by the different experimental 
models used by tke various investigators, as pointed out 
by as? and others.’ Furthermore, interpretation of 
veneus atherogenesis may not be as simple as implied by 
some authors.**"° 

Venous tissue per se, unlike the arterial tissue,***° is not 
susceptible to atherosclerosis. Experiments previously re- 
ported by us** have, indeed, shown that the abdominal 
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Fig 2.—Abdominal aortogram showing (1) moderate anastomotic 
strictures (arrows) and (2) dilation of vein graft after implantation 
of 15 months (dog #38, see Table 1 and 3). 


Fig 3.—Vein graft in abdominal aorta after 16 months of implanta- 
tion and 1234 months on atherogenic diet (dog #54). Average se- 
rum cholesterol level was 1,337 mg/100 ml. Note marked diameter 
disparity between graft and host aorta. Atheromatous lesions were 
disseminated throughout graft and only a few focal raised lesions 
were visible in adjacent aorta at site of cross-clamping during sur- 
gery. 
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Fig 5.—Left, Vein graft recovered ten months after start of ath- 
erogenic diet from dog #53. Average serum cholesterol value was 
1,534 mg/100 ml. Intimal thickening is slightly over 50% of venous 
wall. Focal lipid infiltrates in intimal layer (Verhoeff-Van Gieson, 





Fig 4.—Vein graft of dog #54 (Fig 3). Thickened intimal layer 
with lipid-laden macrophages in superficial intima and cholesterol 
clefts in deeper layer (Verhoeff-Van Gieson, x 110). 


aorta susceptibility to atherosclerosis is maintained even 
when implanted into the jugular vein, a low pressure Sys- 
tem, thereby suggesting that such lesions may develop in 
an arterial tissue in the absence of hemodynamic factors. 
By contrast, when veins are placed artificially in the arte- 
rial tree, other factors than the tissue itself may be re- 
sponsible for the morphologic and lipid degenerative 
changes. 

In the presence of morphologic changes in the veins re- 
sulting from hemodynamic alterations and combined with 
atherogenic factors, it is conceivable that venous tissue, 
normally resistant to atherosclerosis, may become the site 
of lipid deposition. Anitschkow”’ was of the opinion that 
atherosclerosis of the arterial tissue was a result of a dis- 
turbance of a transmural fluid transport from the lumen 
to the adventitia. Wilens* showed in vitro perfusion of 
isolated arteries that cholesterol entered the arterial wall 
and was retained within it. By analogy with Anitschkow’s 
and Wilens’ experiments, it is likely that the same mecha- 
nisms may be operative in the same measure in the veins 


x 25). Right, One lipid-laden intimal layer (shown by rectangle, Fig 
9, left). Note marked intimal hypertrophy, atrophied media, and 
chronic inflammatory infiltrates in adventitial layer (Verhoeff-Van 
Gieson X 110). 
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Fig €.—Left, Vein graft of dog #63 recovered 8% months after 
start of atherogenic diet (average serum cholesterol level, 1,703 
mg/ml). Graft and adjacent aorta displayed grossly 4+ atheroscle- 
rotic lesions. Note thickened intima, about one third of venous wall, 
large areas of cholesterol cleft deposits in media, and marked fibrot- 


Fig 7.—End-to-end vein graft into femoral artery (dog T,). Note 
lipid-laden cells in media, intimal hyperplasia, broken internal elas- 
tic membrane (Verhoeff-Van Gieson elastic stain, X 110). 
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ic hypertrophy of adventitia (Verhoeff-Van Gieson elastic stain, 
x 25). Right, Area of Fig 6, left, indicated by rectangle. Note 
marked thickness of intimal proliferative process and abdundance 
of cholesterol cleft deposits in medial layer (Verhoetf-Van Gieson, 
x 110). 


when they are artificially placed in the arterial circuit. 

From the aforementioned data, it appears that the 
pathogenic mechanism of experimental venous athero- 
genesis of veins implanted into arteries may be due to a 
combination of factors, the main ones being increased 
transmural pressure-filtration and excessive serum choles- 
terol. While the morphologic mural changes of the venous 
wall appear directly related to the arterial pressure, its 
atheromatous degeneration need not always occur, espe- 
cially if serum lipid values are within normal limits. This 
latter consideration may account for the reported very low 
incidence of atheroma in human venous bypass grafts 
used for arteriosclerotic occlusive arterial disease. 


This investigation was supported by Public Health Service grant HE- 
03444. 
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multifaceted challenge. 


Editorial Comment 


The continuing happy survival of increasing numbers of pa- 
tients with autogenous vein grafts in the arteries of the abdomen, 
neck, extremities, and heart has inevitably led to the observation 
of rare episodes of graft closure. Watchful and competent observ- 
ers, as can be seen from the excellent references in this article, 
are therefore continuing with scientific studies of the late changes 
that occur in these conduits. Is the graft resistant to the biologic 
process of atherosclerosis that caused the original closure? Infor- 
mation procured from extreme animal models (cholesterolemia 
and thyroidectomy) tells us that it is not. Human material, hard to 
procure in vivo, is gradually giving us the same answer. If the 
graft is not immune, does it start from scratch and develop ath- 
erosclerosis at the same rate that the parent artery did, in which 
case one could be confident that its function would survive the 
host? Or does it try to catch up with the host artery? So far, the in- 
complete human data seem to show the former. The animal mod- 
els do not give us information on this matter—a thought for future 
investigation. | 

In the meantime, some have investigated the forces bearing on 
the changes seen. What is most impertant—the hemodynamic fac- 
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tor, other mechanical factors, the inherent susceptibility of the 
tissue used for the graft, or the metabolic challenge? Haimovici 
has been in the forefront of those contributing answers to these 
questions. Over a decade ago he showed in the dog the relative re- 
sistance to experimental atherosclerosis of the thotacic aorta com- 
pared with the abdominal. But in this present important study of 
vein grafts he has emphasized the real contribution of the he- 
modynamic factor or, at least, the factor of location in the arterial 
tree. The practical message, therefore, is that, given the particu- 
lar tissue available for grafting, its behavior in the host can vary 
dramatically depending on its location. 

Years must pass before we can hope for satisfactory clari- 
fication of the influence of these different factors in the aging hu- 
man organism. The time will be significantly shortened, however, 
if every vascular surgeon takes pains, even considers it a duty, to 
obtain, within the confines of his ethical obligation to his patients, 
morphologic material that will contribute to our pool of informa- 
tion. 

RICHARD WARREN, MD 
Boston 
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Televise and video tape your gastrointestinal and bronchial 


encoscopies in full color for easier examination and teaching. 
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Color EndoVideo System.™ 

Live TV makes your examination easier by eliminating 
theeyestrain associated with peering through an endoscope. 
Even subtle changes in tissue show in true color. Instant 
repiay of color videotape permits more thorough review of 
cases after your examination. 

And your color video cassette library will be ideal for 
teaching, or sharing your experience with associates. Both 
audio and video tracxs can be edited. You can even add new 
diaiog or a foreign language translation. 
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world’s smallest color TV camera. Weighing only 3.8 pounds, 
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Cost? Just $9,985 for everything you need to televise 
and video tape endoscopy — the Miniature Color Camera, 
Endoscopic Adaptor, Solid State Monitor, Color Video Tape 
Recorder, Microphone, Video Tapes and Portable Equipment 
Carrier. 


Write or call for a demonstration or more details. 
A complete line of video systems for all specialties 
is available. 
Specialists in Medical Video Systems 

Dept. AS, 749 Ward Drive 
D l R G (} Santa Barbara, Calif. 93111 
An Applied Magnetics Corporation 
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Are you as up to date 


as you Should be? 


Today there are more than six 
million individuals who at one 
time or another in their lives. 
will be diagnosed as being re- 
tarded, and some 100,000 or more 
are born each year. 

In the course of: his practice, 
almost every primary physician 
will have mentally retarded pa- 
tients. 

How do you diagnose mental 
retardation? What are the signs, 
the symptoms? What should be 
the plan of management, of 
habilitation? What kinds of pro- 
fessional and community re- 
sources are available to you? 

Mental Retardation--A Hand 
book for the Primary Physician 
provides guidelines for handling 
the mentally retarded patient. 
Prepared by the AMA Depart- 
ment of Mental Health, it in- 
corporates the latest informa- 
tion on the problems of mental 
retardation, and new and im- 
proved methods of diagnosis, 
prevention, treatment and care. 


Order your copy today. Just 
use the coupon below. 





Order Department/American Medical Association 
535 N. Dearborn St./Chicago, Ill. 60610 


Please send me _ copyiies) of Mental Retardation, Second Edition 
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Ascorbic acid (C) 
Vitamin A* 
Vitamin D* 
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Thiamine HCI (B:) 
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ide 2% as preservative. 


With propylene glycol 30% as stabilizer and 
preservative, sodium hydroxide for pH ad- 
justment, and sorethytan laurate 1.6%: in 
Concentrate as riboflavin-5-phosphate. 


*Oil-soluble vitamins A, D and E water 
solubilized with sorethytan laurate: cover- 
ed by U.S. Patent No. 2.417.299 


BRIEF SUMMARY 
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Surgery, extensive burns, fractures and 
other trauma, severe infectious diseases. 
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Stress” situation with profound alterations 
in the body's metabolic demands and 
consequent tissue depletion of nutrients. 
As a result, wound healing may be im: 
paired, enzyme activity disturbed, hema- 
topoletic tissues affected: hypo- 
proteinemia and edema may appear: con- 
valescence is thus prolonged 

In such patients M.V.I. (administered in in- 
travenous fluids under proper dilution) 
contributes optimum vitamin intake toward 
maintaining the body's normal resistance 
and repair processes 

DIRECTIONS FOR USE: M V.I. is ready 
for immediate use when added to in- 
travenous infusion fluids. 

For intravenous feeding, one daily dose of 
10 cc. of M.V.I. or 5 cc. of M.V.I. Concen- 
trate added directly to not less than 500 
cc., preferably 1,000 cc., of intravenous 
dextrose, saline or similar infusion solu- 
tions. ..olasma, protein hydrolysates, etc 
PRECAUTION: Allergic reaction has been 
known to occur following intravenous ad- 
ministration of solutions containing thia- 
mine. 

CAUTION: Not to be given as a direct 
undiluted intravenous injection as it may 
give rise to dizziness, faintness, etc. 
THERAPEUTIC NOTE: Intravenous use 
should be discontinued as early as prac- 
tical in favor of an intramuscular or oral 
vitamin preparation., if deemed advisable. 
HOW SUPPLIED: M.V.I.—10 cc. ampuls, 
boxes of 25 and 100. 

M.V.1. CONCENTRATE—5 cc. vials, boxes 
of 25. Available in 100's only. 
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more complete absorption. 
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If you ever have to make certifying statements about a pa- 
tients impairments, the AMA's book, GUIDES TO THE 
EVALUATION OF PERMANENT IMPAIRMENT, is indis- 
pensable. 

It shows you how to rate impairment by exact percentages. 
(see illustration above.) 

You are given impairment percentages for individual sys- 
tems and functions, for combined impairments, and for the 
“whole man”: the relationship of impairment to the activi- 
ties of daily living. 

Each of the 13 GUIDES is devoted to an individual body 
system. Every conceivable kind of permanent impairment 
is covered, including mental disorders. 

This unique book gives you an authoritative reference to 
depend on if your estimate will be quoted, subpoenaed, pre- 
sented in evidence, or submitted to an adjudicating agency. 
Order your copy today! 
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Clinical Nctes 


Adenocarcinoma of the Lacrimal Gland 
With Simultaneous Pulmonary Metastases 


Fobert P. Faraci MD, Paul B. Chretien, MD, Bethesda, Md 


The first knowr case of a primary resectable adenocarcinoma of 
the lacrimal gland with simultaneous pulmonary metastases is pre- 
sented. In the cases previously recorded, distant metastases have 
been detected onl following the development of postoperative local 
recurrence of primary tumors. The present case demonstrates that, 
cantrary to previaus reports, adenocarcinoma of the lacrimal gland 
can metastasize early in the clinical course; and, therefore, patients 
with this disease should have extensive preoperative evaluation for 
metastases. Wher surgery is indicated, it should be aggressive in or- 
der to encompass the tumor completely. 


ao of zhe lacrimal gland is an extreme- 
ly rare disease and accounts for only 5% to 10% of all 
lacrimal gland carcincmes. The most common epithelial 
cancer of this area is adenoid cystic carcinoma, which oc- 
ears in 70% of the cases. Other histologic types include 
raixed malignan: tumor, squamous cell carcinoma, and 
raucoepidermot zarcinoma. Rarely, malignant change de- 
velops in a previcusly benign mixed tumor of the lacrimal 
gland.’ The few discussions of the clinical behavior of 
these tumors Pave emphasized their high rate of recur- 
rence following surgery, while metastases have received 
lttle attention. Metastases detected late in the clinical 
curse have been found in liver, lungs, and bone. 

This report presents. a patient with a malignant adeno- 
carcinoma of the lacrimal gland. The case is unusual in 
that, contrary te previously reported patients in whom 
metastases were encountered late in the course of their 
cisease, this patient had pulmonary metastases virtually 
st the time of the disccvery of a resectable primary tumor. 
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Report of a Case 


A 70-year-old white man was seen by his ophthalmologist nine 
months before admission for ptosis of the left eyelid. During the 
course of evaluation, he developed swelling over the left su- 
praorbital ridge that promptly subsided with antibiotic treatment. 


He was subsequently hospitalized after a l-cm diameter tumor 


was palpated in the soft tissue between the globe of the left eye 
and the superior bony rim of the orbit. Skull roentgenograms re- 
vealed sclerotic changes in the bone of the left lateral supraorbital 
ridge (Fig 1). Biopsy examination of the mass showed adenocarci- 
noma consistent with lacrimal gland origin. There was no history 
of blurred vision, double vision, proptosis, or loss of visual acuity. 
The patient was then referred to the Surgery Branch of the Na- 
tional Cancer Institute for treatment. 

On admission, the pertinent physical findings were slight ptosis 
of the left eyelid and a vague fullness in the left supraorbital area 
(Fig 2), but there was no distinctly palpable soft tissue mass. Re- 
sults of visual acuity and visual field examinations were normal 
and he did not have diplopia. Skull tomograms revealed destruc- 
tion of the left superior orbital ridge, but the posterior orbit and 
anterior cranial fossa were intact. A chest roentgenogram showed 
three nodules measuring 5 to 8 mm in diameter in the right lung. 
No additional nodules were found on full-chest tomograms. Retro- 
spective analysis of chest roentgenograms obtained three months 
prior to admission showed one of these nodules and a roentgen- 
ogram three years prior to admission was normal. Because of sus- 
picion of tumor metastases in the lung, a right-sided thoracotomy 
was performed. Numerous nodules of metastatic tumor were 
found in all the lobes of the right lung. Biopsy examinations were 
performed on two of these nodules, one in the right lower lobe and 
one in the right middle lobe, and both were adenocarcinoma histo- 
logically identical to the primary in the lacrimal gland (Fig 3). 
Chemotherapy consultation was obtained, and the patient was 
placed on four-drug chemotherapy (fluorouracil, methotrexate, cy- 
clophosphamide and vincristine sulfate), which he is currently 
receiving. 
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Fig 1.—Anteroposterior skull roentgenogram showing area of 
sclerosis in left supraorbital ridge (arrow). 





Comment 


Adenocarcinoma of the lacrimal gland was not de- 
scribed as an entity until Forrest? applied Foote and Fra- 
zell’s® classification of major salivary gland tumors to lac- 
rimal gland neoplasms. In his 1954 report, Forrest 
described five types of malignant tumors of the lacrimal 
gland. They are, in order of frequency, adenoid cystic car- 
cinoma (70%), mixed malignant carcinoma (20%), adeno- 
carcinoma (5% to 10%), squamous cell carcinoma (1%), and 
the infrequent mucoepidermoid carcinoma (less than 1%).* 
In a more recent report, Forrest® has reviewed survival 
data for these tumors and has painted a rather dismal pic- 
ture. Among the 28 patients reported, tumor type did not 
affect prognosis and the overall survival was only 21% 
(Table). When survival free of disease was evaluated, the 
percentage dropped to 14%. Sanders et alf and Zimmer- 
man et al’ have described similar results. The survival, 
free of disease, in the combined Forrest’ and Zimmerman 
et al’ series of 69 patients was 10%. Furthermore, the re- 
currence rate at the primary site following the initial sur- 
gery was high. Of the 69 patients, 54 recurred at the pri- 
mary site. Forrest reviewed a number of soft tissue 
exenteration specimens and found margins positive for 
tumor in the majority of these. Based on these findings, he 
concluded that local recurrence was the primary problem 
and suggested that, with more aggressive surgery (bony 
orbital exenteration and, when necessary, craniofacial 
exenteration), recurrences would be decreased and subse- 
quent metastases might be fewer. Other authors have also 
advocated an aggressive approach to the disease." 

Although one cannot dispute the fundamental sound- 
ness of Forrest’s argument, one must not overlook the 
highly virulent nature of these tumors, as exemplified by 
the present case in which lung metastases were discovered 
virtually at the time of the diagnosis of the primary tu- 
mor. This case differs from the reports of Spaeth’? and In- 


Fig 2.—Left, Anteroposterior view of patient showing left supraorbital 
fullness (arrow). Right, Left lateral view of patient demonstrating su- 


praorbital fullness (arrow). 
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Fig 3.— op left, Low-power photomicrograph of primary adenocarcinoma of lacrimal gland (hematoxylin-eosin, X 56). 
Top rigħt, Low-power photomicrograph of pulmonary metastasis (hematoxylin-eosin, X 56). Bottom left, High-power 
photomicrograph of pulmonary metastasis (hematoxylin-eosin, X 224). Bottom right, High-power photomicrograph of me- 


tastasis (rematoxylin-eosin, .x 224). 
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Author Survival 


Forrest5 


Type 


Adenocystic 


2/10 (20%) 


Other adenocarcinomas Forrest 
Ss | Biopsy 4 
Adenocystic Zimmerman et al? 0/23 ( 0%) Exenteration 15/23 


3/10 (30%) 


7/23 (30%) 


Mixed malignant Zimmerman et al? 


Other adenocarcinomas Zimmerman et al? 


Total 


galls,’ who describe carcinomas of the lacrimal gland as 
metastasizing late in the clinical course to lungs, liver, and 
bone. Milam and Heath" have reported 29 patients with 
carcinoma of the lacrimal gland, two of whom had late 
metastases (four and five years postoperatively). They re- 
ported no cases of early metastases. 

As far as we know, this is the first documented case of 
metastases associated with a locally resectable primary 
adenocarcinoma of the lacrimal gland, and it points out 
the extreme malignancy that these tumors can assume. 
Therefore, we conclude that when carcinoma of the lac- 
rimal gland is encountered, a thorough investigation for 


Survival Data for Malignant Epithelial Tumors of the Lacrimal Gland 


4/18 (22%) 


4/8 (50%) 


20/69 (29%) 












Local 
Recurrence 


16/18 


Survival Free 
of Disease 


2/18 (11%) 





Treatment 


Exenteration 16 
Bone resection 7 


Exenteration 6 







2/10 (20%) 8/10 





Excision 















1/10 (10%) Exenteration 9/10 
Excision 

2/8 (25%) Exenteration 6/8 
Excision 

7/69 (10%) 54/69 








metastases should be conducted, with emphasis on chest 
tomograms, as well as radioisotopic scans of the liver, 
bones, and brain. If no evidence of metastasis is found, 
then radical surgery to encompass the tumor (including 
exenteration of the bony orbit and possible craniofacial 
exenteration) is mandatory to avoid local recurrence. 


Nonproprietary Names and 
Trademarks of Drugs 


Fluorouracil—Efudex, Fluoroplez. 
Vincristine sulfate—Oncovin. 
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Invisible Glomus Tumor 


David Sibulkin, MD, William V. Healey, MD, New York 


The glomus tumor is an uncommon lesion that usually presents 
characteristic diagnostic features. 

A case is presented in which the lesion was invisible to clinical ex- 
amination. Cure followed excision of a typical glomus tumor. 


though well described in the dermatologic litera- 
ture, the glomus tumor has received little attention 
elsewhere. Two standard surgical texts devote two brief 
paragraphs to it and the lesion is not generally familiar 
to internists and fami_y practitioners.’* The unusual fea- 
tures of our ease prompts this report and a brief review of 
the subject. 

Mest patients have a solitary 0.1 to 2.0-cm purple nod- 
ule, usually on tae extremities and often in a subungual 
position. When present under the nail, the reddish-purple 
disecloration may be fiat or nodular. A characteristic fea- 
ture of these lesions is their exquisite sensitivity to touch 
or to changes in temperature.’ Similar lesions may occur 
elsewhere on the body. 

A rarer form of lesion is inherited as an autosomal 
dominant and censists of multiple cutaneous tumors that 
are larger than -he so-itary type, darker in color, and usu- 
ally not painful.** Very rarely, they may occur in the vis- 
cera, eg, trachea, lungs, stomach, and uterus.’ 

Histologically, the glomus (from the Latin meaning “a 
ball”) tumor is derived from the cutaneous glomus, an ar- 
terievenous shunt composed of the Sucquet-Hoyer canal, 
ar arterial segment, and a venous segment. It consists of 
vescular channels lined by endothelial and glomus cells. 
Glomus cells have a large, pale nucleus and eosinophilic 
cytoplasm and zre uniform in appearance.’ Recently, elec- 
tron microscopy has shown the glomus cell to be vascular 
smooth muscle eell.* The connective tissue stroma of these 
tumors has an increesed number of nerve fibers, and al- 
though the solitary lesions are encapsulated, the multiple 
tumors are not.’ The glomus serves in the regulation of 
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blood flow and temperature and is normally found in the 
fingers, toes, and ears. 

Our patient was of interest because her history was typ- 
ical, but no clinically discernible tumor was present. 


Report of a Case 


A 24-year-old white woman was admitted with a one-year his- 
tory of intense, sharp, lancinating pains that arose from a site on 
the dorsum of the distal phalanx of the fourth right finger just 
proximal to the cuticle of the nail. This trigger point was stimu- 
lated by minimal trauma, and the tenderness that radiated into 
the forearm was enough “to bring her to tears.” Her history oth- 
erwise, both somatic and psychiatric, was noncontributory. How- 
ever, on examination of the finger, no abnormality was noted. The 
nail was completely normal in appearance and color. There was 
nothing palpable in the finger or under the nail, and nothing was 
seen on transillumination. Careful tactile examination with a 26- 
gauge needle revealed an approximately 2-mm square area of ex- 
treme tenderness 2 to 3 mm proximal to the nail cuticle. A roent- 
genogram of the finger was normal. Arteriography was not done. 
It was believed that, despite the absence of apparent abnormality, 
the patient’s history was so typical of a glomus tumor that sur- 
gery was indicated. 

Using a 1% lidocaine (Xylocaine) digital block, a transverse el- 
liptical incision was made around the previously outlined trigger 
point. The incision was carried down through the subcutaneous 
tissue and extended to the periosteum. Tissue, approximately 2 
x 2 x 2mm was removed en bloc. The wound was left open and 
dressed with nonadherent absorbent dressing anc iodoform-satu- 
rated gauze. There were no visible abnormalities in the specimen 
or the adjacent tissue. The wound healed uneventfully. Histologic 
examination revealed a circumscribed glomus tumor in the subeu- 
taneous tissue. The overlying skin was normal (Figure). 

In the eight months following excision of the lesion, the patient 
has been asymptomatic, free of pain, and has normal use of her 
finger. 


Comment 


This case illustrates an unusual presentation of a 
glomus tumor of the extremity. Nearly all descriptions of 
the lesion stress the discoloration adjacent to or under the 
finger nail or protrusion of the nail itself. Our patient’s le- 
sion was proximal to the base of the nail and could not be 
seen. The small size and the depth of the tumor presum- 
ably accounted for its not being clinically visible. 
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Glomus tumor in subcutaneous tissue (hematoxylin-eosin, 
x 450). 
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Camirand and Giroux reported the case of a patient who 
had 15 years of finger pain with no apparent clinical 
lesion. They were able to demonstrate the lesion by ar- 
teriography.* Natoli et al described one similar case.” 
However, Goodman and Abele found that neither arteri- 
ography nor thermography were of help in locating lesions 
that were not clinically apparent in a case of multiple 
glomus tumors,‘ and in another case of a solitary sub- 
ungual tumor, no abnormalities could be found by arteri- 
ography or plethysmography.* 

In the absence of any visible, palpable, or otherwise de- 
monstrable lesion, it is not surprising that a physician 
may be reluctant to refer a patient for excision of appar- 
ently normal tissue. Furthermore, the surgeon may be re- 
luctant to excise the area for if the pathologist fails to 
demonstrate a lesion and reports that only normal tissue 
is present, medicolegal difficulties may arise. Nonetheless, 
the glomus tumor should be kept in mind in the differ- 
ential diagnosis of digital pain, especially around the nail. 
We believe that when a reasonable patient gives a classic 
history for the tumor, arteriography and other procedures 
may be foregone, and excision of the affected area should 
be performed. 
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Intraluminal 
Duodenal 
Diverticulum 
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Mortor Farber, MD; Robert M. Richter, MD; 
David Bryk, MD; Bernard S. Levowitz, MD, Brooklyn, NY 


in a patient with episodes of postprandial epigastric pain and full- 
ness, irtraluminal duodenal diverticulum was diagnosed preopera- 
tively by roentgenographic study. Cure was obtained by excision of 
the diverticular wall. The pathogenesis of this disorder is explained 
by elongation of a partial duadenal diaphragm under the influence of 
peristalsis. The characteristic roentgenographic finding is an intra- 
luminal barium collection surrounded by a radiolucent halo. Surgical 
excision of the diverticular sac. Operations 

ite the different procedures that may 
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Poe duodenal diverticulum is a developmen- 
tal anomaly producing symptoms of varying degrees 
of duodenal obstruction. On upper gastrointestinal tract 


-roentgenographic study it appears as a sac-like structure 


arising near the papilla of Vater, with a proximal opening 
and a blind distal end. In occasional instances, it has been 
noted in other parts of the duodenum at a distance from 
the papilla. The sac lies entirely within the duodenal lu- 
men; its wall, which is always covered on both sides by 
mucosa, is seen as a thin crescentic radiolucency in the 
barium-filled duodenum. 

Since the first report by Nelson‘ in 1947, less than 40 
cases have appeared in the literature. Although it has a 
characteristic roentgenographic appearance, the correct 
preoperative diagnosis has frequently not been made. Re- 
cent experience with the successful management of a pa- 
tient with this lesion has prompted this review in the be- 
lief that increased familiarity with its pathogenesis, 
roentgenographic appearance, and treatment will result 
in improved therapy. 


Report of a Case 


A 45-year-old woman was admitted to the Jewish Hospital and 
Medical Center of Brooklyn for evaluation of intermittent epigas- 
tric pain and fullness that began six months earlier and increased 
greatly in severity during the two weeks preceding admission. 

Results of the physical examination were unremarkable except 
for mild tenderness in the epigastrium and right upper abdominal 
quadrant. Blood cell counts, chemistry values, intravenous pyelog- 
raphy, and oral cholecystography were normal. Upper gastroin- 
testinal tract study showed an elongated barium collection in the 
lumen of the second portion of the duodenum bordered by a nar- 
row radiolucent zone (Fig 1). Duodenal hypotonia was then 
induced utilizing 60 mg of propantheline bromide administered 
intramuscularly (tubeless technique). The roentgenographic ap- 
pearance was altered to that of an oblique radiolucent septum 
traversing the duodenal lumen with slight dilation of the proximal 
part of the duodenum (Fig 2). The stomach showed normal rugae 
and no evidence of retention. 

At laparotomy, a compressible intraluminal mass was palpated 
in the second portion of the duodenum. There was no serosal ab- 
normality or proximal dilation of either the duodenum or stomach. 
After mobilization of the descending duodenum, a longitudinal 
duodenotomy was made over the region of the papilla of Vater, re- 
vealing a sa¢-like structure on the posteromedial wall, measuring 
4 cm in length and 2 cm in width. The proximal orifice measured 

1.5 em in diameter and was located adjacent to the papilla (Fig 3). 
Both surfaces of the wall of the sac were found to be covered with 
normal-appearing mucosa. After choledochotomy and insertion of 
a probe through the papilla.of Vater to identify and protect the in- 
tramural portion of the common bile duct, the sac was excised 
along its line of attachment to the duodenal wall. The resulting 
erescentic defect in the mucosa was closed with a continuous fine 


Intraluminal Duodenal Diyerticulum/Yang et al 113 


Re Tees Te eR Ee ee as 


PENA Pi Wd S LBA ey 








qs je AER $ 0. <a nyc chs Sant 








‘Fig 1.—Upper gastrointestinal tract barium study. Diverticulum is 
filled with barium, and surrounded by thin radiolucent line repre- 
senting sac wall. Globules of contrast medium seen over spine here 
and in Fig 2 are residual of previous myelography. 





Fig 3.—Findings at operation. Opening of diverticular sac (arrow) 
visible adjacent to papilla of Vater, as seen through duodenotomy 
incision. 


chromic catgut suture. The duodenotomy was closed transversely 
in layers, the choledochotomy was closed around a T tube, and the 
abdomen was closed after a Penrose drain was placed in the Mori- 
son pouch. Convalescence was uncomplicated; the T tube was re- 
moved on the tenth postoperative day after tube cholangiography 
demonstrated no abnormality. On follow-up examination three 
months later, the patient was found to be in good health and com- 
pletely relieved of her preoperative symptoms. 

Histologic examination of the excised sac wall showed typical 
duodenal mucosa on both sides, with only a few smooth muscle 
and connective tissue fibers between the mucosal layers (Fig 4). 


Comment 


Pathogenesis.—Intraluminal duodenal diverticulum has 
also been called intraluminal cyst, duodenal septum,’ 


114 Arch Surg/Vol 109, July 1974 


« 


Fig 2.—Hypotonic duodenal barium study. Empty diverticular sac 
represented by thin radiolucent line (arrows) traversing duodenal lu- 
men. i 
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Fig 4.—Operative specimen. Normal duodenal mucosa seen on 
both sides of cross section of sac wall. Stroma contains a few 
smooth muscle fibers (hematoxylin-eosin, x 125). 


windsock web,‘ congenital diaphragm,’ and intramural 
diverticulum.‘ It is apparent from the variety of the de- 
scriptive nomenclature that confusion exists regarding 
the relationships among these various membranous de- 
fects. In the discussion that follows, an attempt is made to 
explain what we believe to be their common pathogenesis. 

Of several theories of origin offered, we believe this to 
be the most tenable: In the five-week embryo, the primi- 
tive duodenal lumen becomes obliterated by epithelial cell 
proliferation. By 12 weeks, recanalization occurs. In the 
event of faulty recanalization, a diaphragm results. De- 
pending on the degree of incomplete reabsorption of the 
proliferated epithelium, the diaphragm may vary from a 
completely obstructing imperforate web to a small mem- 
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brane attached only alorgy a short se of the duodenal 
cireumference. A comple.e but perforated diaphragm may 
stretch centrally when subjected to continual peristalsis 
while, of course, remain ng attached along its peripheral 
margin, and thus attain a funnel shape (windsock web). A 
small membrane ettached only along a short portion of 
the duodenal circumference, being subject to the same 
peristaltic influence, mey either flatten out against the 
duodenal wall (in whick case no symptoms would result 
and clinical detection would be unlikely) or, we believe, 
similarly elongate and preduce the type of diverticulum 
reported herein. Certairdy this postulated mechanism ac- 
counts for the presence of duodenal mucosa on both sides 
of the wall of the sac, ust as is found in duodenal dia- 
phragms of infancy. We do not believe that an alternate 
explanation on tke basis of incomplete duplication ac- 
counts as satisfactorily for the spectrum of disorders re- 
sulting from the presence of webs of varying degrees of 
completeness, or for the progressive distal expansion of 
the sac in patients such as the one described by Swartz et 
al. Thus, we regerd in-raluminal duodenal diverticulum 
as:simply one expressior of a spectrum of disorders caused 
by incomplete recanalization of the embryonic duodenal 
lumen, and dependent en the initial amount of duodenal 
luminal circumference occluded by the web. In each case, 
then, should an ncomplete septum progress to diver- 
tieulum formation, it is clear that a proximal orifice must 
result. If a noncemmunizating cyst-like structure is found, 
however, it must e regarded as a true duplication. 

Symptoms.—Dependert on the degree of duodenal ob- 
struction, the patient may note varying symptoms rang- 
ing from simply epigastric discomfort to those of high- 
grade obstruction. with marked postprandial vomiting. In 
our patient, the divertieulum was noted to fill and empty 
readily on barium study and did not cause obstruction. It 
is not unreasonable, then, to assume that the degree of 
symptomatology depends on the extent to which the di- 
verticulum is filled at any given time. 

Roentgenograph.c Findings.—The roentgenographic find- 
ings are those of an elengated barium collection entirely 
within the duodenal lumen, surrounded by a narrow radio- 
lucent line. This varies rom roentgenogram to roentgen- 
ogram due to filling anc emptying by duodenal peristalsis. 
In our case hypotonic duodenography was extremely use- 
ful, since by abclishing duodenal peristalsis it demon- 
strated the radiolucent septum traversing the duodenal 
lumen as the basic abnormality in this lesion. 

Surgical Treatment.—The simplest, most effective, proce- 
dure is excision of the diverticular wall through a duo- 
denotomy, with closure of the mucosal defect by direct ap- 
proximation. It is unneeessary to resect more than the sac 
wall, since the duedenum to which it is attached is normal. 
Because most intraluminal diverticula originate close to 
the papilla of Vater, injury of the common bile duct should 
be avoided by inserting-a probe via a choledochotomy inci- 
sion through the papilla prior to excising the sac. 

If duodenal obstructien is a factor, and duodenojejunos- 


tomy is elected, as in œildren with obstructing duodenal 


webs, care must be exercised in the choice of the site for 
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the duodenal opening. Particularly in long-standing cases, 
the funnel-shaped configuration of the diaphragm may 
distend the duodenum distal to the ring of attachment of 
the web; anastomosis at this level, although the bowel is 
dilated at that point, would not result in successful decom- 
pression of the obstruction. 

In adults with long-standing duodenal obstruction and 
dilation caused by a duodenal diaphragm, proximal diver- 
sion may be elected in preference to excision of the dia- 
phragm. Even a well-placed duodenojejunostomy, how- 
ever, may fail to provide relief of symptoms because of 
failure of the duodenum to recover its tone and normal 
peristaltic ability after decompression. In these cases, gas- 


trojejunostomy or Billroth II gastric resection™"! may 


give relief if biliary and pancreatic secretions enter the 
duodenum distal to the level of obstruction. If, however, 
the papilla of Vater is proximal to the point of obstruc- 
tion, direct excision of the offending membrane is the only 
alternative. In contradistinction to these operations for 
duodenal diaphragm, the procedure of choice for intra- 
luminal diverticulum is excision of the diverticulum. 


* 
References 


1. Nelson WI: Congenital diaphragm of the duodenum. Minn 
Med 30:745-752, 1947. 

2. Heilbrun N, Boyden EA: Intraluminal duodenal diverticula. 
Radiology 82:887-894, 1964. 

3 Flacks K: Incomplete congenital septa of the duodenal bulb. 
Acta Radiol 57:237-240, 1962. 

4. Pratt AD: Current concepts of the obstructing duodenal dia- 
phragm. Radiology 100:637-643, 1971. 

5. Ahmed MY, et al: Congenital duodenal diaphragm in an 
adult: Diagnosis by duodenoscopy. Gastrointest Endosc 18:120- 
121, 1972. £ 

6. Bill AH Jr, Pope WM: Congenital duodenal diaphragm. Sur- 
gery 35:482-486, 1954. 

T. Drucker V, Cohen ES: Megaduodenum secondary to an in- 
trinsic duodenal diaphragm. Am J Roentgenol Radium Ther Nucl 
Med 55:726-729, 1946. 

8. Wiot JF, Spiro E: Intraluminal diverticulum: A form of du- 
plication. Radiology 80:46-49, 1963. 

9. Swartz RM, Hunter MT, Hartz CR: Reoperation for congeni- 
tal duodenal cr gress Ann Surg 117:441-447, 1973. 

10. Kinzer RE: Intraluminal diver iene and other lesions pro- 
ducing intermittent duodenal obstruction or stasis. Am J Roent- 
genol Radium Ther Nucl Med 61:212-218, 1949. 

11. Kohler R: Intraluminal duodenal diverticulum. Acta Radiol 
54:439-442, 1960. 


Editorial Comment 


The authors have very nicely reviewed the gamut of intralumi- 
nal proximal duodenal obstructive malformations produced by 
mucosal septa. In most instances, duodenal diaphragms and wind- 
sock webs may be excised through a duodenotomy without per- 
forming a bypass anastomosis, much as was performed by the au- 
thors in this article. To assure complete relief of the obstruction, a 
Foley catheter should be inserted proximally and then distally for 
at least 10 cm with the balloon then inflated and retracted back 
through the duodenotomy. Although choledochotomy may be help- 
ful.in locating the ampulla to avoid injury in certain circum- 
stances, this would not be recommended as a routine procedure, 
particularly when treating obstructive lesions of the, duodenum in 
infancy. P 

Eric W. Fo RUD, MD 
Los Angeles 
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Technique of Mediastinoscopy 


Edward R. Hagopian, MD, Chester, Pa 


een with biopsy examination of the medi- 
astinum as described by Eric Carlens’ in 1959 has 
been a valuable addition to thoracic surgery. The tech- 
nique should be mastered by all surgeons who do thoracic 
surgery. Mediastinoscopy is a relatively simple and safe 
procedure. The main value of the procedure is to reduce 
the number of unnecessary thoracotomies in patients with 
intrathoracic lesions. Reynders? in 1964 reported a positive 
rate of 36.9%. He found that previous to routine use of me- 
diastinoscopy, there was a 40% nonresectable rate of carci- 
noma of the lung. With negative mediastinoscopy, the re- 
sectable rate was increased to 91%. 
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Mediastinal lymph nodes are almost always involved 
with granulomas in sarcoidosis. Thus, one can easily make 
a diagnosis of sarcoidosis through mediastinoscopy ac- 
cording to MacVaugh and Danielson? in almost 100% of 
patients with sarcoidosis. 


Technique 


Mediastinoscopy is best done under endotracheal gen- 
eral anesthesia. The patient is placed in the supine posi- 
tion in slight reverse Trendelenburg. A small pillow is 
placed between the shoulders, and the patient’s head is 
turned to his left side. The patient’s arms are placed by his 
sides. The anesthesiologist has his equipment to the left 
side of the patient. The scrub nurse and her tables are on 
the right side of the patient. The surgeon is at the head of 
the table. An assistant for the operation of mediasti- 
noscopy is not needed. The special instruments for the op- 
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Fig 1.—Instruments used in mediastinoscopy: (1) insulated suc- 
tion tube with electrocoagulation attachment, (2) aspirating needle, 
(3) biopsy forcep, (4) grasping forcep, (5) silver clip forcep, (6) me- 
diastinoscope. 
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Fig 2.—Skin incision for mediastinoscopy. 
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Fig 3.—Developing pocket iust anterior to trachea: (A) innominate 
vein. (B) innominate artery, C) aorta, (D) pulmonary artery, and (E) 
atrium. 
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Fiz 5—Area that can be explored with mediastinoscopy. 
Heart 


Left Innominate 
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Right Pulmonary 
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eration are illustrated ir Fig 1. 

After preparing the patient’s neck and anterior chest 
wal, sterile drapes are used. The exposed area of the pa- 
tient is much like that “or a tracheostomy or thyroidec- 
tony. The incision is a transfer type in a skin crease about 
1 or 1% cm above the sternal notch and about 4 em long 
(Fig 2). Bleeding vesseB can be electrocoagulated. The 
midine is found, and the strap muscles overlying the 
trachea are retracted laterally. The anterior surface of the 
trachea is exposed. It is very important to be at the level 
of pretracheal fascia. The plane which leads into the medi- 
astiaum is easily cevelopec with the finger. It is impor- 
tant to stay just anterior to the trachea. With the finger 
dissection, the pouch is ealarged. One can palpate the pos- 
terier aspect of the aortic arch through this procedure. 
Also, exploration with the finger can give valuable infor- 
mation as to masses witain the mediastinum (Fig 3). 

With adequate develooment of the pocket, the medi- 
astinoscope is placed through the cervical incision into the 
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Fig 4.—Mediastinoscope within mediastinum: (A) innominate 
vein, (B) innominate artery, (C) aorta, (D) pulmonary artery, and (E) 


atrium. 
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Fig 6.—Lymphatic distribution associated with trachea. 
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mediastinum (Fig 4). The areas that can be explored in- 
clude those anterior and lateral to the trachea; inferior to 
the tracheal carina; and along the anterior, superior, and 
inferior surfaces of both main stem bronchi. Figure 5 il- 
lustrates these areas. 

One can almost always find lymphatic tissue in this area 
on which a biopsy examination can be performed (Fig 6). 
Before performing a biopsy examination on any structure, 
one should be certain that it is not a blood vessel. If there 
is any question, a fine-gauge needle (eg, 25 gauge) is used 
to aspirate. If the structure is a blood vessel, blood will 
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readily be aspirated. 

Performing a biopsy examination on lymph nodes is not 
difficult. The tissue obtained can be readily made into sec- 
tions for examination. One can also take specimens for 
cultures of acid-fast bacteria and fungus. Lymph nodes in- 
volved with sarcoidosis can usually be removed in their en- 
tirety since they are usually large and fleshy. Lymph 
nodes involved with metastatic carcinoma from the lung 
tend to be firm and infiltrate the surrounding tissues; 
therefore, incisional biopsies are usually done with biopsy 
forceps. As Ashbaugh‘ noted that about 20% of the posi- 
tive biopsies for carcinoma of the lung are obtained from 
the contralateral side, it is important to explore the entire 
area for representative tissue. 

Bleeding can be controlled adequately by aspiration of 
blood and electrocoagulation. Occasionally, one may have 
to use a material such as an absorbable hemostatic fabric 
or even a silver clip. The mediastinoscope is removed, and 
the wound is closed without drainage. Subcutaneous su- 
tures of #3-0 catgut can be used to close the deep layers 
of the neck wound. The skin can be closed with subcuticu- 
lar #5-0 catgut sutures. Tape strips can reinforce the skin 


closure. A small gauze dressing is then applied. 

Immediately postoperatively the surgeon should auscul- 
tate the chest for breath sounds bilaterally. If there is any 
suspicion of pneumothorax, then a chest roentgenogram is 
performed. The patient can eat his evening meal and can 
be up and around that same evening. 


Complications 


Ashbaugh‘ states that there is a mortality of 0.09% and 
a morbidity of 1.5%. The most common complication is 
hemorrhage, followed closely by pneumothorax. Other 
rare complications include recurrent laryngeal nerve in- 
jury and infection. 
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Editorial Comment 


In the 15 years since Carlens first described mediastinoscopy, 
this procedure has become widely employed for the diagnosis of a 
variety of chest disorders. The exposure that can be obtained dur- 
ing this operation is remarkable, and visualization from the su- 
prasternal notch to the tracheal bifurcation is usually obtained. 
Although generally a safe technique, it is well to remember that 
complications clearly occur, and a mortality of approximately 1% 
and a complication rate of 3% are representative figures from col- 
lected series in the literature. 

In patients with mediastinal lymphadenopathy of undeter- 
mined origin, mediastinoscopy is frequently helpful in providing a 
definitive histologic diagnosis. However, the usefulness of medi- 
astinoscopy in patients with carcinoma of the lung is controver- 
sial. Some observers have advocated its use in nearly all patients 
with bronchogenic carcinoma, generally with the view that pa- 
tients with metastases are not candidates for thoracotomy. In this 
connection, emphasis should be placed on recent data that show 
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that a significant number of patients with mediastinal metastases 
secondary to carcinoma of the lung survive for five years or longer 
after resection. Thus, it seems inappropriate to categorically deny 
resection in all patients in whom the mediastinal nodes are posi- 
tive. 

In the current article, a sound technique for mediastinoscopy is 
described by Hagopian, and most would agree with the steps out- 
lined, including the use of general anesthesia. At present, the pri- 
mary indications for a mediastinoscopy include its use in patients 
with undiagnosed mediastinal lymphadenopathy, patients with 
carcinoma of the lung who are poor risks and in whom the pres- 
ence of metastases would definitely eliminate the need for tho- 
racotomy, and, finally, the technique is useful when a tissue diag- 
nosis is required and not achievable by a simpler manner. 

Davip C. SABISTON, JR., MD 
Durham, NC 
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their good health? If so, read the American 
Medical Associations COMMENTS IN 
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medically validated information for coaches, 
for athletic trainers, for team and family 
physicians. 
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handy desk reference that explains and ex- 
plodes those potentially hazardous myths and 
superstiticns so prominent in athletic circles, 
tells you how to deliver emergency first aid, 
how to dea! with the unconscious athlete -- 
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With These 
Practical 
Advantages 





‘ANCEFP’ I.V. produces high serum 


levels. 
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Average Serum Concentraticm o* ‘Ancef’ following a single 1 gram 
I.V. injection. (Study conducted in 20 healthy adult volunteers.) 


‘ANCEFP’ Indications 


Respiratory tract infec:ions due to D. pneu- 
moniae, Klebsiella spedes, H. influenzae, S. 
aureus anc group A besa-nemolytic streptococci. 
Genitourinary tract infections due to E. coli, 

P mirabilis. Klebs‘ella species and some 

Strains of enterobacter and enterococci. 

Skin and soft-tissue intections due to S. aureus, 
group A beta-hemolytic streptococci and other 
strains of streptococci. 

Bone-and joint infectians due to S. aureus. 
Septicemia due to D. pneumoniae, S. aureus, 

P. mirabilis, E. cow and </ebsiella species. 
Endocarditis due to S. aureus and group A 
betehemalytic streptococci. 


Appropriate culture and susceptibility studies should be performed 
to determine susceptibility of he causative organism to ‘Ancef. 


‘ANCEF’ I.V. has a low risk of 
phlebitis at the injection site. 
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Of 273 patients receiving ‘Ancef’ SE A: 6 patients or 
2.2% reported phlebitis at the injection site. As can be seen 
inthe above chart, which presents the duration of |. V. 


therapy, average daily dose and the occurrence of phlebitis, | 


most cases of phlebitis occurred in the first few days of — 

_ therapy which may be indicative that the inflammation was 
caused by the mechanical trauma of setting up the I.V. rather 
than continuing irritation of the drug itself. 

These data were derived from pre-marketing clinical studies - 
in small populations. Further clinical experience may reveal 
a greater incidence of adverse effects. 


Pain on injection is infrequent 
with ‘Ancef’. 


ANCEF® Has Produced 
No Nephrotoxicity 


in Extensive Clinical Trials. 


(Transient rise in SGOT, SGPT, BUN and alkaline phosphatase 
levels has been observed without clinical evidence of renal or 
hepatic impairment.) 


Adverse Reactions. 


Adverse reactions reported in the clinical trials included: pain 
on injection, rash, G.I. symptoms, pruritus and phlebitis. For a 
complete list of adverse reactions associated with ‘Ancef' therapy, 


please see brief summary of prescribing information on next page. 


See following page for a brief summary of prescribing information 
including contraindications, warnings, precautions and dosage. 
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Division of SmithKline Corp., Phila., Pa. 19101 
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‘CEFAZOLIN SODIUM 


Before prescribing, see complete prescribing information in SK&F 
literature or PDR. The following is a brief summary. 


DESCRIPTION 

Ancet® (sterile cefazolin sodium, SK&F) is a semi-synthetic cepha- 
losporin for parenteral administration. It is the sodium salt of 3- {((5- 
methyl-1, 3, 4-thiadiazol-2-y\) thio] methyl!) -8-oxo-7-[2-( 1H-tetrazol- 
1-yl) acetamido]-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic 
acid. The sodium content is 46 mg. per gram of cefazolin. 


ACTIONS 

Microbiology: //n vitro tests demonstrate that the bactericidal action 
of cephalosporins results from inhibition of cell wall synthesis. 
‘Ancef' is active against the following organisms in vitro: 


Staphylococcus aureus (penicillin-sensitive and penicillin-resistant) 
Group A beta-hemolytic streptococci and other strains of strep- 
tococci (many strains of enterococci are resistant) 


Diplococcus pneumoniae Klebsiella species 
Escherichia coli Enterobacter aerogenes 
Proteus mirabilis Hemophilus influenzae 


Most strains of Enterobacter cloacae and indole positive Proteus 

(P. vulgaris, P. morgani, P. rettgeri) are resistant. Methicillin-resistant 
staphylococci, serratia, pseudomonas, mima, herellea species are 
almost uniformly resistant to cefazolin. 


INDICATIONS 
Ancef (sterile cefazolin sodium, SK&F) is indicated in the treatment of 


the following serious infections due to susceptible organisms: 


Respiratory tract infections due to Diplococcus pneumoniae, 
Klebsiella species, Hemophilus influenzae, Staphylococcus aureus 
(penicillin-sensitive and penicillin-resistant), and group A beta- 
hemolytic streptococci. 


Injectable benzathine penicillin is considered to be the drug of choice 
in treatment and prevention of streptococcal infections, including 

the prophylaxis of rheumatic fever. ‘Ancef' is effective in the eradica- 
tion of streptococci from the nasopharynx; however, data establish- 
ing the efficacy of ‘Ancef' in the subsequent prevention of rheumatic 
fever are not available at present. 


Genitourinary tract infections due to Escherichia coli, Proteus 
mirabilis, Klebsiella species, and some strains of enterobacter and 
enterococci. 


Skin and soft-tissue infections due to Staphylococcus aureus 
(penicillin-sensitive and penicillin-resistant) and group A beta- 
hemolytic streptococci and other strains of streptococci. 


Bone and joint infections due to Staphylococcus aureus. 


Septicemia due to Dipiococcus pneumoniae, Staphylococcus 
aureus (penicillin-sensitive and penicillin-resistant), Proteus mirabilis, 
Escherichia coli, and Klebsiella species. 


Endocarditis due to Staphylococcus aureus (penicillin-sensitive and 
penicillin-resistant), and group A beta-hemolytic streptococci. 


Appropriate culture and susceptibility studies should be performed 
to determine susceptibility of the causative organism to ‘Ancef'. 


CONTRAINDICATIONS 
‘ANCEF' IS CONTRAINDICATED IN PATIENTS WITH KNOWN 
ALLERGY TO THE CEPHALOSPORIN GROUP OF ANTIBIOTICS. 


WARNINGS 

IN PENICILLIN-ALLERGIC PATIENTS, CEPHALOSPORINS 
SHOULD BE USED WITH GREAT CAUTION. THERE IS CLINICAL 
AND LABORATORY EVIDENCE OF PARTIAL CROSS-ALLER- 
GENICITY OF THE PENICILLINS AND THE CEPHALOSPORINS, 
AND THERE ARE INSTANCES OF PATIENTS WHO HAVE HAD 
REACTIONS TO BOTH DRUG CLASSES (INCLUDING FATAL 
ANAPHYLAXIS AFTER PARENTERAL USE). 

Any patient who has demonstrated some form of allergy, particularly 
to drugs, should receive antibiotics, including Ancef (sterile 
cefazolin sodium, SK&F) cautiously and then only when absolutely 


(lyophilized ) 


necessary. Serious anaphylactoid reactions require immediate 
emergency treatment with epinephrine. Oxygen, intravenous 
steroids, and airway management, including intubation, should also 
be administered as indicated. 

Usage in Pregnancy: Safety of this product for use during pregnancy 
has not been established. 

Usage in Infants: Safety for use in prematures and infants under 1 
month of age has not been established. 


PRECAUTIONS 

Prolonged use of cefazolin sodium may result in the overgrowth of 
nonsusceptible organisms. Careful clinical observation of the patient 
is essential. 


When ‘Ancef' is administered to patients with low urinary output 
because of impaired renal function, lower daily dosage is required 
(see dosage instructions). A false positive reaction for glucose in the 
urine of patients on ‘Ancef' has occurred with Clinitest™ tablets 
solution. 


ADVERSE REACTIONS 

The following reactions have been reported: 

Hypersensitivity: Drug fever, skin rash, vulvar pruritus, and 
eosinophilia have occurred. 

Blood: Neutropenia, leukopenia, thrombocythemia and positive 
direct and indirect Coombs tests have occurred. 

Hepatic and Renal: Transient rise in SGOT, SGPT, BUN and alkaline 
phosphatase levels has been observed. 

Gastrointestinal: Nausea, anorexia, vomiting, diarrhea, oral can- 
didiasis (oral thrush) have been reported. 

Other: Pain at site of injection after intramuscular administration has 
occurred, some with induration. Phlebitis at site of injection has been 
noted. 


DOSAGE AND ADMINISTRATION 
‘Ancef' may be administered intramuscularly or intravenously after 
reconstitution. 


Dosage 

In adults, usual dosage for mild gram-positive infections is 250 mg. 
to 500 mg. of ‘Ancef' every 8 hours. In acute uncomplicated urinary 
tract infections, a dosage of 500 mg. every 8 hours is usually ade- 
quate. In moderate or severe infections, the usual adult dosage is 
500 mg. to 1 gram of ‘Ancef' every 6 to 8 hours. ‘Ancef' has been 
administered in dosages of six grams per day in serious infections 
such as endocarditis. ‘Ancef’ may be used in patients with reduced 
renal function with the following dosage adjustments: In patients 
with mild to moderate impairment (creatinine clearance of 60-40 
mi./min.) 60% of the normal daily dose given in divided doses q12h 
should be sufficient. In patients with moderate impairment (creatinine 
clearance of 40-20 mi./min.) 25% of the normal daily dose given in 
divided doses q12h should be sufficient. In patients with marked 
impairment (creatinine clearance of 20-5 ml./min.) 10% of the 
normal daily dose given q24h should be adequate. All dosage 
recommendations apply after an initial loading dose of 500 mg. 


In children, a total daily dosage of 25 to 50 mg. per kg. (approxi- 
mately 10 to 20 mg. per pound) of body weight, divided into three or 
four equal doses, is effective for most mild to moderately severe 
infections. Total daily dose may be increased to 100 mg. per kg. (45 
mg. per pound) of body weight for severe infections. Since safety for 
use in premature infants and in infants under one month has not 
been established, the use of ‘Ancef’ in these patients is not recom- 
mended. 

For additional information on dosage and administration, see pack- 
age literature or contact your SK&F Representative. 

HOW SUPPLIED 

Ancef® (sterile cefazolin sodium, SK&F) — supplied in vials equivalent 
to 250 mg., 500 mg., and 1 gram of cefazolin. 


Smith Kline & French Laboratories, Division of SmithKline Corp., 
Philadelphia, Pa. 19101 


Letters to the Editor 


Tre editor will be pleased to receive cor- 
respendence of 250 werds or less that per- 
tains to material published n the AR- 
CHIVES or to other matters of interest to its 
readers. Letters should be typewritten 
doube-spaced and shoule oe clearly 
marked “For Publication.” No more than 
two references are permittec ard illustra- 
tionsare acceptable only when essential to 
the message. 


Paper Bezoar Causing 
Intestinal Oostruction 


Tc the Editor.—Vegetanle fiber be- 
zoars (phytobezoars) often appear as 
acute bowel obstruction. This letter 
reports another odstructirg agent 
and emphasizes certain clinical 
poincs. 

A 30-year-old woman was admitted 
with periumbilical sain, 1ausea, and 
vomiting. She had multip-e pelvic but 
no gastric procedures. There was no 
history of mental disorder. Results of 
the physical examination were essen- 
tially normal, except for moderate 
periumbilical tenderness. Roentgen- 
ograms showed evidence of small 
bowe! obstruction. Laparotomy re- 
vealed an obstructed ileum. Enteros- 
tomy after unsuccessful “milking” 
produced a 7 x 6.5 x 1-cm oolong pa- 
per bezoar, 10 cm from the ileocecal 
valve. Subsequently the patient re- 
vealed having eater, 24 kours before 
admission, several napkins during a 
telephone conversat_on, a long-stand- 
ing “nervous habit.” 

This seems to be the first published 
case of paper bezoar. In-estinal ob- 
struction is the usuel presentation of 
phytebezoars, excepzing taose caused 
by persimmon pulp, whick character- 
istically lodge in the stomach. Various 
vegetables and fruits, especially cit- 
rus, kave occasionally caused obstruc- 
tion. All such agents have significant 
nondgestible residue. Usaally symp- 
tems occur soon afzer ingestion, ie, 
from hours to a few weexs. Our pa- 
tient’s cellulose feast preceded symp- 
tems by a day. 

Various conditions predispose to 
bezoar formation: (1, absence of teeth 
and poor mastication, (2) overeating a 
high-~esidue food, (3) prev-ous gastric 
surgery with consecuent pyloric ab- 
normalities, (4) bizarre ea~ing habits. 
Our patient falls into the last cate- 
gory. Most phytobezoars ledge in the 
ileum possibly because it is the nar- 
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rowest intestinal segment. 
Most authors agree that “milking” 
a movable intraluminal mass into the 
more capacious cecum should be at- 
tempted. If unsuccessful, enteros- 
tomy should be performed. The entire 
bowel should then be palpated, as be- 
zoars are occasionally multicentric. 
B. F. Uretsky, MD 
Boston 


Barium Studies 
in Meckel Diverticulum 


To the Editor.—It has long been ac- 
cepted by radiologists that the dem- 
onstration of a Meckel diverticulum 
by means of barium examination is 
difficult. However, nothing in the ar- 
ticle entitled “Futility of Barium Sul- 
fate in Diagnosis of Bleeding Meckel 
Diverticulum” (Arch Surg 108:361, 
1974) warrants the authors’ conclu- 
sions. Of 32 infants studied, only four 
had a small bowel study! In the 29 
who had a barium enema, was any at- 
tempt made to reflux barium into the 
small bowel? In other words, their 
conclusion that barium examination 
is useless amounts to a non sequitur. 

Even their recommendation of a so- 
dium pertechnetate Tc 99m scan lacks 
documentation. How many of the in- 
fants had such a scan? In how many 
was the correct diagnosis afforded by 
this study? How many false-positives 
were encountered? In short, in my 
opinion their report hardly merits 
publication in a scientific journal. 

Mitton Kunin, MD 
Los Angeles 


To the Editor.—As a radiologist, I 
agree that the demonstration of a 
Meckel diverticulum by the use of 
barium sulfate can be difficult. I to- 
tally disagree with the manner in 
which Dr. Meguid et al (Arch Surg 
108:361, 1974) came to this conclusion. 
Simply stated, if barium did not fill 
the terminal segment of ileum where 
the Meckel diverticulum is usually 
found, then the radiographic study is 
incomplete and no conclusion can be 
drawn. In the series of Dr. Meguid et 
al, 29 infants had barium sulfate 
enemas. Did all reflux into an ade- 
quately filled terminal ileum? Four- 
teen patients had an upper gastroin- 
testinal exam, and I must assume 
that in none did barium reach the ter- 
minal ileum. Only four patients had a 
small bowel examination, and there is 
no mention of a 24-hour delay x-ray 


film. From the information in this ar- 


ticle, then, I can only assume that 


four of 32 infants had a barium sul- 
fate examination adequate enough to 
cover the anatomical area of Meckel 
diverticulum. 
PETER E. Grustra, MD 
Rockland, Me 


Reply 


To the Editor.—Our report on the 
efficacy of barium in the diagnosis of 
bleeding Meckel diverticulum (Arch 
Surg 108:361, 1974) was based on ret- 
rospective examination of records 
and radiographs of patients of many 
physicians. One can always find inad- 
equacies when no prearranged proto- 
col has been utilized. The critical 
comments made cannot be entirely 
refuted; we are merely reporting our 
experience in an active children’s hos- 
pital. 

At barium enema, the distal part of 
the ileum is filled with barium as 
often as possible (probably 50% to 70% 
of the time) if there is no contraindi- 
cation. Only four of 32 patients had 
small bowel examinations, frequently 
because early surgical intervention 
precluded a complete examination 
once gastrointestinal traet disease 
was excluded. But it does not seem 
unreasonable to expect a low yield on 
these exams performed here in the 
general run of children in whom—sta- 
tistically 1% to 2% should have a 
Meckel diverticulum—this lesion is 
recognized radiographically less fre- 
quently than once in ten years. 

Perhaps the writers prefer to do 
small bowel exams in all patients 
whom they suspect of having Meckel 
diverticulum. We believe, from our 
experience, that the yield does not 
justify the radiation exposure in- 
volved. 

No numbers were given for the ac- 
curacy of sodium pertechnetate Te 
99m scanning as our experience is 
with such a small number of patients. 
We believe that this technique has 
promise, but more specific claims re- 
garding efficacy and accuracy would 
be premature at this time. It is our 
suspicion that it will exceed the accu- 
racy of barium sulfate, the latter ap- 
proaching zero. 

MICHAEL M. Mecuip, MD 
RosBert H. WILKINSON, MD 
TimotTuy Canty, MD 
ANGELO J. ERAKLIS, MD 
SALVADOR TREVES, MD 
Boston 
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Determination of Amputation Level by 
Measurement of Skin Blood Flow 


To the Editor._In November 1973 
_ ARCHIVES (107:798), I published data 
correlating success or failure of heal- 
ing in below-knee amputations with 
preoperative skin blood flows as mea- 
sured by xenon Xe 188 clearance. In 
this report, I indicated that three am- 
putations failed to heal because of is- 
chemic necrosis and these three pa- 
tients had the lowest blood flows 
measured at 0.55, 0.56, and 0.59 
ml/100 gm of tissue per minute. I 
have just finished updating this infor- 
mation and noted that I committed a 
systematic error in transcribing the 
radioactive counts per minute from 
the strip chart recorder in prepara- 
tion for the calculation of T 12 (T =time 
for a complete decade of radioactivity 
at the injection site). This did not 
change the relative flows of one pa- 
tient to another, but did alter the ab- 
solute flow measure in each patient 
by about a factor of four. This infor- 
mation will be important for those in- 
vestigators who intend to implement 
this test in their own institutions. 

In the intervening time since publi- 
cation, we have increased the number 
of patients studied and now have a 
total of eight healing failures to fur- 
ther help define the critical flow rate. 
Our range of flows, now appropriately 
calculated, is 0.87 to 15.26 ml/100 gm 
of tissue per minute. The eight heal- 
ing failures ranged from 0.87 to 2.63 
ml/100 gm/min. All patients with 
flows in excess of 2.7 ml/100 gm/min 
healed primarily. 3 

For any reader who has already 
tried to implement this test and has 
been confused by the discrepancy in 
absolute numerical value, I would like 
to extend my sincere apologies. 

WESLEY S. Moore, MD 
San Francisco 


Ambulatory Surgical Unit 


To the Editor.—In February, Saltz- 
stein et al (Arch Surg 108:148, 1974) 
presented the case for doing more 
surgery on an ambulatory, nonadmis- 
sion basis, and the editorial by Ches- 
ter B. Rosoff, MD (Arch Surg 108:141, 
1974), urged that further steps be 
taken in that direction. 

Such a further step is possible and 
practical in those simpler cases not 
involving general anesthesia; they 
often can be done in a physician’s of- 
fice with a minimum of personnel, 
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equipment, time, or effort. Where ex- 
posure is easy, blood loss negligible, 
and nothing shocking done, the only 
possible criticism to simplified office 
surgery is that one might expect to 
have a high incidence of infection. 
Therefore, I reviewed 100 of my of- 
fice surgery patients, involving 117 
procedures, and found only one defi- 
nite infection, a stitch abscess, and a 
couple of suspected ones that re- 
sponded to warm soaks. Procedures 
included ganglion cysts of the wrist, 
vasectomies, wedge resections of lip 
cancers, lip-shave chiloplasties, Z- 
plasties, many skin malignant neo- 
plasms, lipomas and cysts, and a few 
breast biopsies. 

Because this was of economic inter- 
est, I published my findings and ad- 
vice in Medical Economics (Jan 7, 
1974, p 75). We found that most out- 
patient surgery done under local an- 
esthesia cost well over $50 (excluding 
surgeon’s fees), whereas, done in my 
office, the charge for nurses, oper- 
ating room equipment, and so on was 
generally nothing. 

Undoubtedly we will see a trend in 
this direction when we give up the 
idea that the more expensive, more 
time-consuming, and more difficult 
way must, of course, be better. 

GEORGE B. MARKLE IV, MD 
Carlsbad, NM 


Development of Carcinoma in 
Regional Enteritis 


To the Editor.—I should like to add 
a case to the series of carcinoma in re- 
gional enteritis reported by Saeed et 
al (Arch Surg 108:376, 1974). 

The patient was a 50-year-old 
white man who developed crampy 
hypogastric pain and fever in Janu- 
ary 1972. A barium enema showed a 
narrowing of the distal part of the 
ileum. He was treated nonoperative- 
ly, but had a similar episode two 
weeks later and underwent lap- 
arotomy, where the gross appearance 


of regional ileitis was found. No re- 


section or biopsy was done. The pa- 
tient was admitted to St. Barnabas 
Medical Center on May 1, 1972, with 
abdominal pain. He had a distended 
abdomen with dilated small bowel 
loops on roentgenogram. On May 8, 
1972, he underwent resection of the 
distal part of the ileum and cecum. 
The pathology report described re- 
gional enteritis of the terminal ileum 
with an infiltrating adenocarcinoma 


arising from a villous adenoma of the 
terminal ileum with extension to the 
serosa. The two mesenteric lymph 
nodes in the specimen showed no 
tumor. 

On May 24, 1974, a second resection 
was performed encompassing the as- 
cending colon, the mesentery of the 
ileum, and the mesentery of the as- 
cending colon. No evidence of malig- 
nant tumor was found in this speci- 
men. 

The patient was readmitted on July 
22, 1973, with diffuse intra-abdominal 
carcinomatosis confirmed by lap- 
arotomy on July 27, 1973. He devel- 
oped obstructive jaundice, presumed 
due to tumor encasement of the com- 
mon bile duct, and deteriorating re- 
nal function and died on Aug 24, 1973. 

RAYMOND F. CRYSTAL, MD 
Livingston, NJ 


Autotransfusion in Three Variations 


To the Editor.—Couch et al (Arch 
Surg 108:121, 1974) ignored the con- 
tributions of Lanston, Dalessando, 
and myself to the autologous blood 
for transfusion that culminated in 
the publication of a monograph. How- 
ever, their failure to recognize our 
work is of less moment than the per- 
petuation of the term “autotrans- 
fusion.” The patient does not give 
himself a transfusion, as implied by 
the prefix “auto.” The blood used for 
the transfusion is the patient’s own 
blood, ie, autologous. 

GEORGE MILLES, MD 
Sycamore, III 


Reply 


To the Editor.—Because of the brev- 
ity of our article, it was impossible to 
cite all pertinent references, and we 
therefore left out mention of the Mil- 
les monograph. 

His point about the term “auto- 
transfusion” is an interesting one. 
We will, however, disagree with him. 
The patient does indeed give himself 
a transfusion in the sense that the pa- 
tient himself is the donor. Further- 
more, the term “autotransfusion” has 
the virtue of brevity, and we assume 
that is why it enjoys wide usage. 

We will continue to use it. 

NATHAN P. CoucH, MD 
HILLEL LAKS, MD 
RoBERT N. Piton, MD 
Boston 
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Robert M. Goldwyn, MD 
Boek Review Editor 
1101 Beacon St 
Brookline, Mass 02146 


Posteperative Discrders of the Gas- 
troimtestinal Tract. By Hastings K Wright, 
MD_™M David Tilson, MD. Price, $14.50. Pp 204. 
Grune & Stratton Ine, 111 Fifth Ave, New York, 
NY 10003, 1973. 


The modern surgeon nas become a 
practicing physio ogist. particularly 
the general surgeon in his manage- 
ment of problems of zhe digestive 
system. The result of a surgical proce- 
duze is dependent on xnowledge of 
the pathology of zhe process and un- 
derstanding of the physiology of the 
organ or system involved. In the last 
few years, a trercendous new knowl- 
edze of the physiology of the gas- 
traintestinal tract has been dis- 
covered and developed. 

The authors are experienced and 
expert in the laboratory and in the 
operating room. They kave condensed 
a wealth of informatim of gastroin- 
testinal physiology into a well-orga- 
nized, readable, smal monograph, 
eemplemented with easily remem- 
bered explanatory diagrams. The ma- 
jor headings are “Pestgastrectomy 
Complications,” “Malfunction of the 
Small Intestine After Surgery,” and 
“Disorders of Faneti@m After Colon 
Surgery.” In a sense, tae book is much 
more than the title connotes, because 
in many instances uncerstanding the 
causes of the postoperative disorder 
determines the rationale for the 
proper operation. The reader learns 
tae physiologic basis for the best 
fanctional operation and the treat- 
ment of the disability of an operation 
by understandirg avadeble or neces- 
sary postoperative disorders. 

The motivation of the authors to 
write this book apparently was ini- 

tially the educetion ef the resident. 
- However, to many practicing sur- 
geons who are bewildered or dis- 
couraged by the complexity and con- 
tradictions of the volaminous current 
literature on gastroenterology, this 
small monograph is windfall. 

CARL H. McLAUTHLIN, MD 
Der ver 


dealth Service Frospests. By Ian Douglas- 
Wilson, MD, Gordon McLehlan. Price, $15. Pp 
356. Little Brown & Co, & Beacon St, Boston, 
MA 02106, 1973. 


Growth of the Lealth industry, 
greater expectations of health care 
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associated with a raised standard of 
living, and increased conflict between 
the desire to foster the free enter- 
prise system and the perceived need 
to control part, if not all, of the indus- - 
try are now the concern of the sur- 
geon. 

He who has accepted rapid change 
in past decades in the surgical and bio- 


medical tools available in the treat- 


ment of his patient must now adjust 
to a wave of change that will modify 
the very system of care in which he 
practices. He is aware that not only 
will methods of practice, single versus 
group, change but that methods of fi- 
nancing, increasing regulation, peer 
or governmental review, and possibly 
federalization of the system are in 
the wind. He knows that other coun- 
tries have faced these issues and 
adopted new systems of health care, 
but how can he obtain factual infor- 
mation of these systems so that he 
can be better informed as he shapes 
his own position in the coming years? 

This book in a dozen chapters re- 
views health care systems in differ- 
ent countries that can be grouped to- 
gether in three categories: the 
systems of the highly developed capi- 
talist world that vary from the free 
enterprise system of the United 
States to the nationalized system of 
the United Kingdom, the systems 
that are emerging in the under- 
developed countries of the third 
world, and the systems that are evolv- 
ing from the Soviet Union and other 
socialist countries. In each case the 
health system is described in terms of 
the nation as a whole: economy, gov- 
ernment, population, and occupation; 
then the health system, within this 
framework, is described in terms of 
its own components: medical services 
provided, prevalent diseases, organi- 
zation and control of services (degree 
of centralization of control), financ- 
ing of care, research and develop- 
ment, and goals and priorities. Thus 
the reader is provided with an ability 
to both evaluate a specific country’s 
health care system as it relates to 
that country’s needs and health care 
aspirations, and also as it compares to 
the health system in other countries. 
The description of the political, popu- 
lation, and economic background of 
each nation reviewed enables the 
reader to recognize the forces that 
have produced each system and there- 
fore understand the wide differences 
that exist, thus avoiding the tempta- 
tion to make simplistic comparisons 


of merit between nations. 

The reader is able to discern certain 
patterns in the development of these 
health systems. It would appear that 
while the highly developed Western 
countries are concerned mainly with 
the organization of their systems 
rather than the services they deliver, 
the underdeveloped and socialist 
countries take for granted their orga- 
nization and address themselves to 
their major needs of service, in par- 
ticular, the mounting of massive pub- 
lic health programs to eradicate 
transmissible disease. The problems 
of geographic distribution of services 
and the tendency for urban concen- 
tration of medical resources is com- 
mon to all. It can be seen that orga- 
nized planning, embryonic at this 
time in the United States, is central 
to the health systems of the socialists 
and developing nations. Finally, it is 
apparent that any system of health 
care has its own built-in growth fac- 
tor and that no nation ean afford to 
support its system if increases of 
funds for the provision of health care 
go unchecked. 

Some chapters are stronger than 
others but all merit careful reading, 
particularly those on Sweden, the 
United Kingdom, the United States, 
Ghana, and Russia. The latter is both 
factual and critical, seeking world co- 
operation and is remarkably free of 
political bias—this much cannot be 
said for the chapter on China, cer- 
tainly the weakest section in the 
book. 

I would recommend that surgeons, 
as concerned health providers, read 
this book. Only by greater under- 
standing of the forces of change and 
by learning from the experience of 
others can they be prepared to work 
to shape the changes that are occur- 
ring in this nation today. 

ANDREW G. JESSIMAN, MD 
Boston 


Urology: A View Through the Retro- 
spectroscope. By John R. Herman, MD. 
Price, $7.95. Pp 196, with 63 illustrations. Har- 
per & Row Publishers Inc, 2350 Virginia Ave, 
Hagerstown, MD 21740, 1973. 


We are lucky to have people like Dr. 
Herman who share their hobbies. This 
bright little book is very readable, the 
subtitle and an uninviting first sen- 
tence notwithstanding. It should ap- 
peal to anyone interested in medicine, 
especially those who prefer history in 
small doses. Dr. Herman offers a se- 
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lective review and a descriptive bibli- 
ography. He is a self-effacing guide 
and sets the past directly before us 
with excerpts from the writings of 
old masters and numerous illustra- 
tions. The most striking attraction of 
the book is the clarity of the repro- 
ductions: there are no blurred images, 
every detail is visible. 

Allowed to fend for itself, the ma- 
terial wins admiration for the inge- 
nuity of our forebears and the “true 
grit” of their patients. It sometimes 
startles with a small, pleasant shock. 
I had forgotten that at one time the 
surgeon used his teeth during ure- 
teral catheterization (Dr. Howard 
Kelly, no less) and never knew that 
one technique of lithalopaxy involved, 
in effect, a hammer and chisel. The 
story begins with the Egyptians and 
carries on to fiberoptics. It sur- 
prisingly omits the development of 
urinary diversion. 


A word about the aforementioned. 


opening sentence: “The penis is a 
sexy sewer” is not original, was never 
funny, and dishonors the author’s 
scholarship and purpose. Despite this 
and an idiosyncratic aversion to the 
word “retrospectroscope,” I heartily 
recommend this book. Get a copy for 
the fellow who massages your pros- 
tate. 

BERNARD R. SEARS, MD 

Boston 


The Life of Hamilton Bailey: Surgeon, 
Author, and Teacher of Surgery. By SV 
Humphries, FRCS, FICS. Price, $10. Pp 72. Pub- 
lisher: British Book Centre Inc, 996 Lexington 
Ave, New York, NY 10021, 1974. 


In this small book, Dr. Humphries 
has provided an entertaining trove of 
Baileyana. Those of us who have read, 
learned from, and still use Hamilton 
Bailey’s Emergency Surgery and 
Demonstrations of Physical Signs in 
Clinical Surgery have already pic- 
tured what type of person Bailey was. 
It is not surprising to find out that he 
was brilliant, outspoken, energetic, 
autocratic, rude, impatient, eccentric, 
and an inverterate photographer and 
workaholic. What I did not know was 
that he was extremely charitable and 
took active means not to accumulate 
money for himself. He operated 
swiftly, not elegantly, but would take 
on and pull through patients whom 
others had abandoned as hopeless. He 
disliked wasting time and seldom read 
a book outside of the medical and sur- 
gical field; yet, he knew the Bible well 
although he was an atheist. He had 
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many successes, but disproportion- 
ately few honors, probably the result 
of his unusual ability to make ene- 
mies. His life was not easy and he had 
to overcome many obstacles. His fa- 
ther was a physician who took no in- 
terest in him. His mother was a 
chronic alcoholic, and his sister was 
schizophrenic. Bailey himself was a 
manic-depressive, who had to be hos- 
pitalized on and off for five years. 
An antecedent event was the tragic 
death of his 15-year-old son in a train 
accident. He had the good fortune 
and common sense to marry a woman 
who cared for him and assisted him in 
his life and literary ventures. No 
doubt the goals of returning to his 
wife and continuing to write his 
books helped him recover from his 
mental illness. 

Although he devised what has 
eventually become the present oper- 
ation of parotidectomy, Hamilton 
Bailey will not be remembered for 
that. His writings are his testaments, 
and they are remarkable for their vi- 
tality and instruction. How many suf- 
ferers in all parts of the world have 
benefitted from the knowledge he 
was able to impart! A turn of a phrase 
and it stuck into our wearied brain. 

Although Dr. Humphries met the 
subject of his biography only once, he 
obviously has a strong affection for 
the man whom he considers “one of 
the greatest surgeons, authors, and 
teachers of surgery of the 20th cen- 
tury.” It is a sad verity, as Humphries 
notes, that “great surgeons of the 
past are soon forgotten.” Many years 
before, Balzac, in “The Atheist’s 
Mass” (whose hero is really Dupuy- 
tren), expressed a similar sentiment: 

The glory of a surgeon is like that 
of an actor: They live only so long as 
they are alive, and their talent leaves 
no trace when they are gone. Actors 
and surgeons, like great singers too, 
... are all the heroes of a moment. 
If every great surgeon had a Hum- 
phries, such might not be the case. 

RoBERT M. GoLpwyn, MD 
Brookline, Mass 


Planning of Surgical Centres. By Ervin 
Putsep. Price, not given. Pp 250. Lloyd-Luke 
Medical Books Ltd, 49 Newman St, London W1, 
1973. 


The reader of Ervin Putsep’s Plan- 
ning of Surgical Centres will encoun- 
ter a frustrating search for an archi- 
tect akin to that experienced while 
grading an examination that evades 
the question. What does he think? 


What judgments has he made? Has 
he any convictions? How does he 
synthesize the welter of material pre- 
sented? How does he answer the con- 
troversial questions? How does his ar- 
chitecture function? 

The book is an architect’s inventory 


of perceptive observations, philo- 


sophie tidbits, ideas, facts, fancies, 
clichés, medical homilies, and aphor- 
isms. These are arranged by subject 
but remain loose raw material. A cup- 
board full of fantastic ingredients, 
but no cake! 

The reader will search in vain for 
guidance in the design, logistics, me- 
chanics, or systems that make a sur- 
gical suite effective. Throwaway bro- 
chures of architectural engineering 
firms are more informative. 

The potpourri encompasses discus- 
sions of radiologic centers, clinical 
laboratory services, and animal facil- 
ities that have some architectural 
substance. The section on surgical il- 
lumination is the best concise state- 
ment in the literature. 

The bibliographic references (1,214) 
are a valuable collection of chiefly Eu- 
ropean literature. The author’s inter- 
pretive capsulation of each reference 
is a helpful guide to the thrust of the 
article. 

The format of the book is pleasing 
and the typography excellent, but the 
gray ink is fatiguing. Translation 
clouds the meaning on occasion and 
causes a hitch in easy reading. The 
simple, unexplained diagrams leave 
the reader to devise his own inter- 
pretation. In this day of cost con- 
sciousness, 30% of the book is blank. 
Is this extravagant planning or a hint 
to the reader to develop the thesis 
and thrust of the book for himself? 

CARL W. WALTER, MD 
Boston 


Management of Acute Hand Injuries: A 
Biological Approach. By Paul M Weeks, 
MD, R Christie Wray, MD. Price, $35. Pp. 368. 
CV Mosby Co, 3301 Washington Blvd, St. Louis, 
MO 63103, 1973. 


In the authors’ words, the objective 
of this book is “to provide the surgeon 
with a basic approach to the manage- 
ment of acute hand injuries founded 
on the biology of tissue repair and re- 
generation.” Recognizing that the re- 
sult of a hand injury and operation 
depends not only on technique, but 
also on biological processes, they have 
written a thoughtful volume that em- 
phasizes the “what” and “why” 
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rather than “how.” By gathering 
what is known, -nterpreting it in 
terms of fundamertals, and placing it 
in a useful perspeetive, they are fol- 
lowing the route of the new hand sur- 
geon, exemplified by Peacock and 
Van Winkle in their Surgery and Bi- 
ology of Wound Revair. 

The first section of Management of 
Acute Hand Injuries presents in de- 
tail the response to trauma of skin, 
cartilage, tendon, bone, and nerve. A 
later portion correlates the method of 
initial management with the ultimate 
biological activity of the injured tis- 
sue. The last segment deals with eval- 
uating the end result in terms of 
healing, regenerazion, and repair. 
There is ample, well-reasoned discus- 
sion of the stiff hand, problems in 
nerve recovery, and the unfavorable 
result of tendon repair and grafting. 

Anyone interested in the damaged 
hand will benefit from the good ad- 
vice and common sense of the au- 
thors. The references cited are su- 
perb; illustrations, pertinent and 
satisfactory. The repetition of some 
of the material is unfortunate (eg, 
types of skin grafts and flaps) but it 
may be useful pedegogically. 

This is not just another beok on the 

and. 

ROBERT M. GoLpwyn, MD 
Brookline, Mass 


Legal Aspects of Laboratory Medicine. 
By John R Feegel, MD, JD. Price, $14.50. Pp 240. 
Publisher: Little Brown & Co, 34 Bezcon St, Bos- 
ton, MA 02106, 1973. 


A practicing and teaching patholo- 
gist who is a member of the Florida 
bar gives us a terse Dut rather intense 
survey of those parzs of the law that 
regulate or otherwise impinge on the 
praetice of pathology. To the review- 
ers who are not members of the bar, 
the discussion appears explicit and 
rigorous. In spots, evidence of a sense 
of humor illuminates the prosaic sub- 
ject matter. 

Much of the informatior in this 
book has already reached the begin- 
ning pathologist by hearsay in a less 
explicit and less organized pattern. 
The author has put this information 
in logical and literate sequence, has 
added details from codified and court- 
room law, and has set up warnings to 
mark pits inte which others have 
fallen. The law regulating clinical 
laboracories in Florida is printed in 
full; federal laws and regulations are 
given in excerpt plus summary. 
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The longest section of the book, 
“Legal Aspects of the Practice of Pa- 
thology,” spells out the necessary 
record keeping and other prudential 
measures necessary to keep the pa- 
thologist from becoming the defen- 
dant in civil or criminal court. In- 
cluded are some sharp insights into 
hazards and safeguards relating to 
frozen sections. 

“Forensic Pathology for the Nonfo- 
rensic Pathologist” occupies the next 
longest portion of the book, and it is 
not limited to courtroom etiquette 
(which is considered in a separate 
short section), but considers a wide 
assortment of activities that are 
sometimes, but not always, linked 
with law enforcement. Detailed direc- 
tions appear here for several rough- 
and-ready methods for toxicological 
examinations. 

The book impresses us as up to 
date; references include material pub- 
lished in 1972. Certain abortion laws 
touched on in the forensic chapters 
have been invalidated, but this is 
common knowledge. The young pa- 
thologist, or the pathologist starting 
out in independent practice, will ben- 
efit by this distillate of the experi- 
ence of many physicians and lawyers. 
There is grist here even for those who 
have already had wisdom beaten into 
them. 

RoBERT L. McAuLey, MD 
BURNHAM S. WALKER, MD 
Fitchburg, Mass 


Reoperative Gastrointestinal Surgery. 
By Thomas T White, MD, RC Harrison, MD. 
Price, $25. Pp 320. Little Brown & Co, 34 Beacon 
St, Boston, MA 02106, 1973. 


This is a fascinating text contain- 
ing data not easily obtainable else- 
where. The authors capture the sig- 
nificance of this topic with emphasis 
on the fact that some 4% of patients 
undergoing gastrointestinal tract op- 
erations require immediate reopera- 
tion in the early postoperative course 
and an additional 4% require oper- 
ation at a later time. The primary 
topics include reoperation for compli- 
cations involving the abdominal wall, 
the esophagus, the stomach and 
duodenum, the biliary tract, the pan- 
creas, and the small and large bowel. 

In reading the book, this reviewer 
is impressed with the admirable 
treatment of a large number of po- 
tential complications in this field. 
Thus, in the presence of complications 
following gastrointestinal tract pro- 


cedures, the surgeon can refer to this 
text with confidence that the problem 
will be thoughtfully discussed. For 
example, if problems are anticipated 
following a difficult duedenal dis- 
section or after operations on the bili- 
ary tract, this text is an outstanding 
resource for advice. A selected bibli- 
ography has been placed at the end of 
each chapter substantiating the rec- 
ommendations of the authors, and 
other references are cited that pre- 
sent differing points of view. This 
monograph also contains a number of 
useful illustrations and roentgen- 
ograms that are reproduced quite 
clearly. 

The authors state at the outset that 
the text has been written “to fill what 
appears to be a gap in surgical litera- 
ture in the English language, namely, 
the management of complications fol- 
lowing gastrointestinal surgery.” It 
is quite clear that they have success- 
fully achieved this goal. Moreover, the 
foreword was written by the noted J. 
Englebert Dunphy, who suecinctly ob- 
served in his final statement about 
the text, 

It provides a wealth of information, and 
the recommendations and judgments of 
the authors provide a unique and invalu- 
able background for every surgeon who, 
when even the best of operations has gone 
wrong, is faced with that momentous deci- 
sion of what to do, how to do it, and when 
to do it. He will balance the probabilities 
better having read this text. 

Davin C. SABISTON, JR., MD 

Durham, NC 


Implants in Surgery. By DF Williams, Rob- 
ert Roaf. Price, $33.25. Pp 598, WB Saunders Co, 
W Washington Square, Philadelphia, PA 19105, 
1973. 


For surgeons, the several chapters 
in this book covering applications in 
orthopedics, plastic surgery, and car- 
diovascular surgery will serve as gen- 
eral summaries, and the history of 
implantation will be of interest, but 
these chapters are just trimmings. 
The main part of the book is devoted 
to the engineering and in-service 
problems of implants, as the follow- 
ing chapter headings show: “Struc- 
ture of Materials,” “Mechanical and 
Physical Properties of Materials,” 
“Deterioration of Materials in Use,” 
“Selection of Implant Materials,” 
“Implant Production and Design,” 
and so on. The intention of the au- 
thors was to start with basics: the lat- 
tices one finds in alloys, the structure 
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of polymers, even the electron shells 
around atoms. Their idea was to build 
up from those bodies of information 
the principles governing very diverse 
disciplines: engineering design, corro- 
sion, wear, and so forth. They had 
to gauge expertly how deeply they 
should go into the basic subjects and, 
in the opinion of this reviewer, they 
showed good judgment. They provide 
readers with sufficient information to 
decide what further study is needed 
in rounding out each specific subject, 
and they do not go into extensive de- 
tails that would just confuse the 
reader. 

The subject of implants in surgery 
is so multifaceted that putting to- 
gether a book that adequately de- 
scribes even the majority of the 
facets is an achievement. Consider, 
for instance, orthopedic application 
alone, disregarding, inter alia, heart 
pumps, lenses and corneas, and arte- 
rial prostheses. Acceptable portrayals 
of cfevice corrosion in metals, de- 
polymerization and polymethyl meth- 
= acrylate, porosity in casting, for ex- 
ample, as available in this book, 
deserve high praise, and niggling 
criticism of one or two of the portray- 
als would be unworthy. 

The carpenter need not know how 
the steel of his nails is chosen or how 
nails are fabricated; all he needs to 
know is how to use them. The surgeon 
should operate on a much higher 
plane. He not only does the carpentry, 
but he has responsibility for all the el- 
ements that go into his carpentry. A 
reasonable, if not profound, under- 
standing of all these elements is ex- 
pected of him, and it will be well pro- 
vided by this book. | 

JONATHAN COHEN, MD 
Brighton, Mass 


Current Surgical Diagnosis and Treat- 
ment. By J Englebert Dunphy, MD, Lawrence 
W Way, MD. Price, $14. Pp 1,108. Lange Medical 
Publications, Box 1215, Los Altos, Calif, 1973. 


What is there to say about a new 
comprehensive surgical text, the 
fourth on the American scene in the 
last 15 years? Ho hum! 

But look, this one is different. It is 
not meant to be a textbook in the 
usual sense. The title reveals, and the 
content is true to, a broader mission 
than a textbook. It is equally appro- 
priate for the practitioner and the 
student, something other books have 
aspired to but have often failed to 
achieve. Recognizing the rapidity of 
changes in surgical attitudes and 
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methods, the editors have made “cur- 
rent” their watchword. They have 
kept the preface short, but have had 
the courage to state therein that a 
new edition will be out in two years. 
The paperback cover and the low 
price fall in line with this intent. 

Nevertheless, the format through- 
out its 1,100 pages competes with the 
best, and the illustrations by Laurel 
V. Schaubert rate high. Most of them, 
of course, can be used in the second 
edition. 

Open the book, and the material 
comes out to meet you rather than 
waiting for you to delve. The tabula- 
tions, such as that of antibiotics use- 
ful in different conditions, and the 
broken-up pages with clear para- 
graph headings, such as the section 
on medical problems in surgical pa- 
tients, are examples. 

The 52 chapters involve 62 authors, 
all from the San Francisco area. 
There is something here for everyone. 
All specialties are covered. Yet one 
senses a cohesion of purpose together 
with a relaxing absence of any impli- 
cation of a party line. Opening and 
reading it takes one very close to 
working in the San Francisco Medical 
Center, an experience any student of 
surgery would be proud to enjoy. 

RICHARD WARREN, MD 
Boston 


The Management of Trauma, ed 2. Edited 
by Walter F Ballinger II, MD; Robert B Ruther- 
ford, MD; George D Zuidema, MD. Price, $26. Pp 
795. WB Saunders Co, W Washington Sq, Phila- 
delphia, PA 19105, 1973. 


This book is a comprehensive text 
covering most of the field of trauma. 
There are 23 chapters by 39 different 
authors that cover many historical as- 
pects of trauma management and in- 
clude subject matter from the initial 
evaluation and treatment of the in- 
jured patient, shock, and resusci- 
tation to wound sepsis and mass 
casualty management. There are in- 
dividual chapters on injuries of the 
central nervous system, eyes, abdo- 
men, genitourinary system, soft tis- 
sues, and hand. Peripheral vascular 
injuries and pediatric trauma are pre- 
sented in other individual chapters. 
The management of fractures is cov- 
ered in three chapters: one limited to 
the upper limb, one the lower limb, 
and the other on the spine and pelvis. 

The chapters on pathophysiology of 
trauma and shock, maxillofacial in- 
juries, thoracic injuries, and burns are 
particularly outstanding. The former 


covers the local and systemic effects 
of trauma. It provides a comprehen- 
sive review of shock, including spe- 
cific sections on the’effects of shock on 
organ systems, vasoactive substances 
in shock, and the effects of shock on 
the cell and metabolism. 

The chapter on thoracic injuries is 
especially comprehensive, dealing, in 
order, with the effect of injury on the 
thoracic cage, the pleural space, the 
lungs, and the cardiovascular system. 
The section on maxillofacial injuries 
deals with critical airway problems 
and diagnoses and treatment of all of 
the specific maxillofacial injuries. The 
chapter on burns discusses the normal 
anatomy, the local response to ther- 
mal injury, burn wound sepsis, sys- 
temic response to thermal injury, and 
evaluation and treatment of the 
burned patient. 

While a chapter is devoted to acute 
renal failure following trauma, there 
is no corresponding chapter on res- 
piratory failure, which in this day and 
age would seem to justify an indepen- 
dent section. While respiratory fail- 
ure is covered in several areas of the 
book, a chapter in a comprehensive 
text of this type would seem appro- 
priate. In addition a section on the 
multiply injured patient and another 
on intensive care management might 
have been appropriate. Nonetheless 
the book is an excellent comprehen- 
sive review of the subject; the second 
edition is current and complete with a 
comprehensive up-to-date bibliogra- 
phy for each section. This book would 
be an excellent reference text and of 
particular value to the general sur- 
geon who sees trauma as a portion of 
his practice. 

F. WILLIAM BLAISDELL, MD 
San Francisco 


Books Received 
But Not Reviewed 


Advances in Cardiovascular Surgery, by 
John W. Kirlin, MD, 279 pp, $15.75, Grune & 
Stratton Inc, 1973. 


Anesthetic Management of Endocrine 
Disease, by T. Oyama, 222 pp, $21.80, Spring- 
er-Verlag, New York Inc, 1973. 


Bleeding Problems: Diagnosis and 
Treatment, by Joseph A. Caprini, MS, MD, 48 
pp, $2.95, Harper & Row Publishers Ine, 1973. 


Cardiovascular Diseases: Guidelines for 
Prevention and Care, edited by Irving 5. 
Wright, MD, Donald T. Fredrickson, MD, 404 pp, 
$6.95, US Government Printing Office, 1973. 


Instructional Course Lectures, vol 22, by 
the American Academy of Orthopaedic Sur- 
geons, 322 pp, $23.50, CV Mosby Co, 1973. 


Books 


Guaranteed to give you 
a lot to think about 
--the July PRISM 


RRS 


Jeffrey O'Connell. LL.B. © NO-FAULT INSURANCE TO STEM 
THE MALPRACTICE BLIGHT 


Would adoption of the no-fault insurance principle 
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for medicine? 
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You expect your preoperative patient to be somewhat anxious 
and apprehensive about the scheduled surgery. But in some cases, 
psychic tension reaches undesirable levels 
as the time for the procedure approaches. 

In such situations, 10 mg Injectable 
Valium” (diazepam), administered I.M. an 
hour or two before the operation, can lessen 
the undue anxiety and tension associated 
with strange surroundings and disturbing 
procedures. The calming effect is generally 
prompt and pronounced. What’s more, 










Valium (diazepam) can markedly reduce the 
patient’s recall of preoperative procedures. 
Injectable Valium seldom significantly 
alters vital signs. Nevertheless, there have been 
infrequent reports of hypotension and rare 
reports of apnea and cardiac arrest, usually 
following I.V. administration, especially in 
elderly or very ill patients». 
and those with limited 
pulmonary reserve. 


Resuscitative facilities “Myf “ 
should be available. Ve 










When given in conjunction with daroate 
4 reduction of narcotic dosage should be considered.” 
(See prescribing information.) — 
Do not mix or dilute Injectable Valium 
with other drugs, solutions or fluids. 
The 10-mg disposable syringe is especially 
useful in this respect, since it provides 
a convenient method of using Valium and 
at the same time helps assure 
aseptic handling. 
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actable Valium diazepam 
can ease the way <m» 


Before prescribing, please consult complete product information, 
a summary of which appears on the following page. 
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lrior to surgery, to relieve excessive anxiety; additionally, 


may diminish recall 


Injectable Valium (diazepam) 





ready-to-use 2-ml 'RI-E-Ject disposable syringes) 


Before prescribing, please consult 
complete product information, a summary 
of which follows: 

Indications: Tension and anxiety 
states; somatic complaints which are con- 
comitants of emotional factors; psycho- 
neurotic states manifested by tension, 
anxiety, apprehension, fatigue, depressive 
symptoms or agitation; symptomatic relief 
of acute agitation, tremor, impending or 
acute delirium tremens and hallucinosis 
due to acute alcohol withdrawal; adjunc- 
tively in: relief of skeletal muscle spasm 
due to reflex spasm to local pathology; 
spasticity caused by upper motor neuron 
disorders; athetosis; stiff-man syndrome; 
tetanus; status epilepticus and severe re- 
current seizures; adjunctively in anxiety, 
tension or acute stress reactions prior to 
endoscopic and surgical procedures; 
cardioversion. 

Contraindicated: In infants; in pa- 
tients with known hypersensitivity to the 
drug; in acute narrow angle glaucoma; 
may be used in patients with open angle 
glaucoma receiving appropriate therapy. 

Warnings: When used I.V., the 
following procedures should be under- 
taken to reduce the possibility of venous 
thrombosis, phlebitis, local irritation, 
swelling, and, rarely, vascular impairment. 
Inject slowly, taking at least one minute 
for each 5 mg (1 ml) given; do not use 
small veins, i.e., dorsum of hand or wrist; 
extreme care should be taken to avoid 
intra-arterial administration or extravasa- 
tion. Do not mix or dilute with other solu- 
tions or drugs; do not add to I.V. fluids. 

Administer with extreme care to el- 
derly or very ill and those with limited pul- 
monary reserve because of possibility of 
apnea and/or cardiac arrest; have resus- 
citative facilities available. When used with 
narcotic analgesic eliminate or reduce 
narcotic dosage at least ¥%, administer in 
small increments. Should not be admin- 
istered to patients in shock, coma, acute 
alcoholic intoxication with depression of 
vital signs. As with most CNS-acting drugs, 
Caution against hazardous occupations 
requiring complete mental alertness (e.g., 
operating machinery, driving). Advise 
against simultaneous ingestion of alcohol 
and other CNS depressants. Withdrawal 
symptoms (similar to those with barbi- 
turates and alcohol) have occurred follow- 
ing abrupt discontinuance (convulsions, 
tremor, abdominal and muscle cramps, 
vomiting and sweating). Keep addiction- 
prone individuals under careful surveil- 
lance because of their predisposition to 


10-ml vials 


5 mg/ml 


2-m1 ampuls 


habituation and dependence. In preg- 
nancy, nursing women or women of child- 
bearing potential, weigh expected benefit 
against possible hazard to mother and 
child. Not recommended for OB use. 

Precautions: |f combined with other 
psychotropics or anticonvulsants, carefully 
consider individual pharmacologic effects 
—particularly with known compounds 
which may potentiate action of Valium 
(diazepam), i.e., phenothiazines, narcot- 
ics, barbiturates, MAO inhibitors and 
other antidepressants. Protective meas- 
ures indicated in highly anxious patients 
with accompanying depression who may 
have suicidal tendencies. Observe usual 
precautions in impaired hepatic function: 
avoid accumulation in patients with com- 
promised kidney function. Laryngospasm 
and increased cough reflex are possible 
during peroral endoscopic procedures; use 
topical anesthetic and have necessary 
countermeasures available. Hypotension 
or muscular weakness possible, particu- 
larly when used with narcotics, barbitu- 
rates or alcohol. Use lower doses (2 to 5 
mg) for elderly and debilitated: safety and 
efficacy in children under 12 not estab- 
lished. 

Adverse Reactions: Drowsiness, fa- 
tigue, ataxia, venous thrombosis and 
phlebitis at injection site, confusion, de- 
pression, dysarthria, headache, hypoac- 
tivity, slurred speech, syncope, tremor, 
vertigo, constipation, nausea, inconti- 
nence, changes in libido, urinary retention, 
bradycardia, cardiovascular collapse, hy- 
potension, blurred vision, diplopia, nys- 
tagmus, urticaria, skin rash, hiccups, 
changes in salivation, neutropenia, jaun- 
dice. Paradoxical reactions such as acute 
hyperexcited states, anxiety, hallucina- 
tions, increased muscle spasticity, insom- 
nia, rage, sleep disturbances and stimula- 
tion have been reported; should these 
occur, use of the drug should be discon- 
tinued. Cough, depressed respiration, 
dyspnea, hyperventilation, laryngospasm 
and pain in throat and chest have been re- 
ported in peroral endoscopic procedures. 
Isolated reports of neutropenia, jaundice; 
periodic blood counts and liver function 
tests advisable during long-term therapy. 
Minor EEG changes, usually low-voltage 
fast activity, of no known significance. 

Dosage: Usual initial adult dose is 2 
to 20 mg I.M. or I.V., depending on indica- 
tion and severity. Larger doses may be 
required in some conditions (tetanus). In 
acute conditions injection may be repeated 
within 1 hour, although interval of 3 to 4 


hours is usually satisfactory. Lower doses 
(usually 2 to 5 mg) with slow dosage in- 
crease for elderly or debilitated patients 
and when sedative drugs are added. (See 
Warnings and Adverse Reactions.) 

I.M. use: by deep injection into the 
muscle. 

I.V. use: inject slowly, take at least 
one minute for each 5 mg (1 ml) given. Do 
not use small veins, i.e, dorsum of hand or 
wrist. Use extreme care to avoid intra- 
arterial administration or extravasation. Do 
not mix or dilute with other solutions or 
drugs; do not add to I.V. fluids. 

Moderate psychoneurotic reactions, 2 
to 5 mg !.M. or I.V. and severe psychoneu- 
rotic reactions, 5 to 10 mg I.M. or I.V., re- 
peat in 3 to 4 hours if necessary; acute 
alcoholic withdrawal, 10 mg I.M. or I.V. 
initially, then 5 to 10 mg in 3 to 4 hours if 
necessary; muscle spasm, 5 to 10 mg I.M. 
or |.V. initially, then 5 to 10 mgin3 to 4 
hours if necessary (tetanus may require 
larger doses); status epilepticus, severe 
recurrent convulsive seizures, 5 to 10 mg 
I.M. or I.V. initially, repeat in 2 to 4 hours 
if necessary. In endoscopic procedures, 
titrate I.V. dosage to desired sedative re- 
sponse, generally 10 mg or less but up to 
20 mg (if narcotics are omitted) immedi- 
ately prior to procedure; if I.V. cannot be 
used, 5 to 10 mg I.M. approximately 30 
minutes prior to procedure. As preopera- 
tive medication, 10 mg I.M.; in cardiover- 
sion, 5 to 15 mg 1.V., within 5 to 10 min. 
prior to procedure. Once acute symptom- 
atology has been properly controlled with 
injectable form, patient may be placed on 
oral form if further treatment is required. 

Management of Overdosage: Mani- 
festations include somnolence, confusion, 
coma and diminished reflexes. Monitor 
respiration, pulse, blood pressure; employ 
general supportive measures, |.V. fluids, 
adequate airway. Use levarterenol or 
metaraminol for hypotension, caffeine and 
sodium benzoate for CNS-depressive ef- 
fects. Dialysis is of limited value. 

Supplied: Ampuls, 2 ml, boxes of 10; 
Vials, 10 ml, boxes of 1; Tel-E-Ject® (dis- 
posable syringes), 2 m, boxes of 10. Each 
ml contains 5 mg diazepam compounded 
with 40% propylene glycol, 10% ethyl al- 
coho}, 5% sodium benzoate and benzoic 
acid as buffers, and 1.5% benzyl alcohol 
as preservative. 
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Specialization and Superspecialization in Surgery 
Charles Eckert, MD, Albany, NY 


Primary Liver Tumers in Infancy and Childhood: 
41 Cases Variously Treated 
H. William Clatworthy, Jr. MD; Medad Schiller, MD; 
Jay L. Grosfeld, MD, Columbus, Ohio 
Thirty-eight liver tumor patients well for five years after resection. 


Vascular Problems in Upper Abdominal Cancer Surgery 
Joseph G. Fortner, MD; David W. Kinne, MD; Dong K. Kim, MD; 
El B. Castro, MD; Man H. Shiu, MD; Edward J. Beattie, Jr., MD, New York 


Modern vascular techniques permit successful extensive 
resections of upper abdominal viscera. 


Exnerimenta! Pancreatitis Treated With Glucagon — 
or Lactated Ringer Solution 


‘Robert E. Condon, MD, Wood, Wis; James H. Woods, MD; Thomas L. Poulin, MD; 


William G. Wagner, MD; Christos A. Pissiotis, MD, Milwaukee 


Glucagon added nething to treatment of experimental pancreatitis. 


Antibacterial Vascular Crafts With Improved Thromboresistance 
Richard E. Clark, MD, Herry W. Margraf, DSc, St. Louis 


Silver-allantoin-heoarin treatment significantly antibacterial 
and not thrombogenic. 


Quantitation of Fibrinolrtic Activity in 
Venous and Prosthetic arterial Grafts 
James S. T. Yao, MD, PhD; John J. Bergan, MD; Hau C. Kwaan, MD, Chicago 


Activity present ir fabric grafts only at capillary loops. 


A Comparison of the Need for Surgeons in Five Canadian Provinces 
N. Tait McPhedran, MD FRCPS (C), Clarence Ekstrand, MA, PhD, 
Calgary, Alberta, Canada 


Calculations project adequate numbers of surgeons 
from present residency programs. 


Recurrent Catamenial Pneumothorax 
Nicholas P. Rossi, MD, Clifford P. Goplerud, MD, lowa City 


Syndrome further explored: cause still obscure. 


Gastric Inhibitory Polypeptide: 

Response to Oral Glucose After Vagotomy and Pyloroplasty 
Neil R. Thomford, MD; Kenneth R. Sirinek, MD; Samuel E. Crockett, MD; 
Ernest L. Mazzaferri, MD; Samuel Cataland, MD, Columbus, Ohio 


Gastric inhibitory polypeptide may influence 
late hypeg ycemā cf dumping syndrome. 


Extended Surgical Adjavaent Thiotepa for Mammary Carcinoma 
William L. Donegan, MD, Columbia, Mo 


Overall results comparable in treated and control groups. 
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Peptic Ulcer Disease in the Transplant Recipient 


Panayiotis K. Spanos, MD; Richard L. Simmons, MD; Luca C. Rattazzi, MD; 


Carl M. Kjellstrand, MD; Theodore J. Buselmeier, MD; 
John S. Najarian, MD, Minneapolis 


Ulcer should be dealt with surgically before transplant. 


Acute Penetrating Arterial Injuries of the Neck and Limbs 
Roger F. Smith, MD; Joseph P. Elliott, MD; John H. Hageman, MD; 
D. Emerick Szilagyi, MD; Alfredo O. Xavier, MD, Detroit 


Comparison of usefulness of angiography 
and operative exploration in surgical management. 


Are Elemental Diets Useful in Bowel Preparation? 
Donald R. Cooney, MD; John D. Wassner, MD; 
Jay L. Grosfeld, MD; John E. Jesseph, MD, Indianapolis 


Mechanical bowel preparation remains the key to success. 


Inhibition of Leukocyte Migration by Human Tumors: 
Effect on Patient Survival 
William H. Wolberg, MD, Madison, Wis 


Inhibition of leukocyte migration associated with 
poor prognosis and may not be immunologically mediated. 


Extracranial Internal Carotid and Vertebral Artery Fibrodysplasia 


James C. Stanley, MD; William J. Fry, MD; Joachim F. Seeger, MD; 
Gary L. Hoffman, MD; Trygve O. Gabrielsen, MD, Ann Arbor, Mich 


Frequently associated with renal and mesenteric 
artery fibrodysplasia and intracranial aneurysms. 


Constrictive Pericarditis Simulating Liver Disease in Children 
Farouk S. Idriss, MD; Hisashi Nikaidoh, MD; 
Alexander J. Muster, MD, Chicago 


Original term ‘‘pseudocirrhosis”’ 
is also applicable to children. 


Biopsy of the Pancreas 
Ronald Isaacson, MD; Louis H. Weiland, MD; 
Donald C. Mclirath, MD, Rochester, Minn 


Conclusion from large experience is that it is justified. 


Peroral Endoscopic Cholangiography and Pancreatography: 
The Surgeon’s Helper 
Choichi Sugawa, MD; Razia Raouf, MD; Volker Bradley, MD; 


Melvyn Westreich, MD; Charles E. Lucas, MD; Alexander J. Walt, MD, Detroit 


Confirmation of technique a great step forward. 


Serum a,-Globulins in Breast Carcinoma 
John P. Minton, MD, PhD, Michael A. Bianco, MD, Columbus, Ohio 


Elevated a,-globulin levels are valuable indicators 
of distant metastases. 


Bovine Carotid Artery Shunts in Vascular Access Surgery: 
Complications in the Chronic Hemodialysis Patient 


Joseph H. Merickel, MD; Robert C. Andersen, MD; Russell Knutson, MD; 


Martin L. Lipschultz, MD; Claude R. Hitchcock, MD, PhD, Minneapolis 


Significant complications dictate definite indications for its use. 
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Acute Mechanical Complications of Coronary Arterial Disease: 
Surgical Correction 

Watts R. Webb, MD; Frederick B. Parker, Jr., MD; 

John F. Neville, Jr., MD; E. Lawrence Hanson, MD, Syracuse, NY 


Intra-aortic balloon counterpulsation indispensable. 


Operative Cholangiography in a Rural Surgical Practice 
Clifford A. Wiethoff, MD, Seymour, Ind; 
Richard A. Wiethoff, MD; John L. Glover, MD, Indianapolis 
Cholangiography via gallbladder neck is highly recommended. 


Carcinoembryonic Antigen in the Diagnosis and Management 
of Colorectal Carcinoma: Current Status 

Alan S. Livingstone, MD; Lawrence G. Hampson, MD; 

Joseph Shuster, MD; Phil Gold, MD; E. John Hinchey, MD, Montreal 


Major aid to cancer diagnosis: influence on therapy being evaluated. 


Central Venous Pressure and Pulmonary Wedge Pressure 
in Critical Surgical Illness: A Comparison 
G. P. MacLaren Toussaint, MD; John H. Burgess, MD; 
Lawrence G. Hampson, MD, Montreal 


Correlation meaningful only in absence of cardiopulmonary disease. 


Correlation of Pulmonary Wedge and Left Atrial Pressures: 
A Study in the Patient Receiving Positive End Expiratory 
Pressure Ventilation: 
Jeffrey Lozman, MD; Samuel R. Powers, Jr., MD; Thomas Older, MD; 
Robert E. Dutton, MD; Rob J. Roy, PhD; Mark English; 
David Marco; Charles Eckert, MD, Albany, NY 
When PEEP low, correlation of the two pressures was good. 


The Eichelter Catheter: Further Experience 
William K. Major, Jr., MD; Richard W. Williams, MD; 
Worthington G. Schenk, Jr., MD, Buffalo, NY 
Despite significant complications, it has definite indications. 


Are Consumer Products Dangerous? 
Richard W. Williams, MD; Gerard P. Burns, MD; 
Worthington G. Schenk, Jr., MD; Buffalo, NY 

Important groundwork information. 


Outpatient Breast Biopsy 
Edward C. Saltzstein, MD; Robert W. Mann, MD; 
Thomas Y. Chua, MD; Jerome J. DeCosse, MD, Milwaukee 
Advantages are psychological and cost-saving without 
compromising quality of care. 


Hemodynamics of Autogenous Femoropopliteal Bypass 
Hendrick B. Barner, MD; Donald L. Kaminski, MD; John E. Codd, MD; 
George C. Kaiser, MD; Vallee L. Willman, MD, St. Louis 


Unable to find predictors of graft occlusion. 


Gallstone Pancreatitis 

Thomas R. Kelly, MD, MSc, Akron, Ohio 
Gallbladder surgery resulted in freedom from later 
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Specialization and Superspecialization 


in Surgery 


Charles Eckert, MD 


e are privileged to have as our hosts for 
this meeting the Department of Surgery of the 
University of Cineinnati. Its chairman, William A. 
Altemeier, MD, was the 16th president of the Central 
Surgical Association in 1959. Many of you I am sure 
have read the symposium ən “A Sesquicentennial Study of 
Daniel Drake and the Results of His Theories on Medical 
Education” that was moderated by Dr. Altemeier and 
published in the Annals of Surgery (170:528, 1969). The 
College of Medicine of the University of Cincinnati was 
unded on Jan 19, 1819, by a charter granted to Daniel 
Drake by the Ohio legislature. Drake was far ahead of his 
tme in his ideas of medical education and it is in no small 
measure owing to his influence that the College of Medi- 
cine of the University of Cincinnati attained early pre- 
eminent status. The surgizal school of this institution has 
leng been held in high esteem by surgeons the world over, 
amd we are grateful to them for serving as our hosts on 
tais eccasion. 

In presenting the 31st presidential address to the Cen- 
tral Surgical Association, | am mindful of the great tradi- 
tons established by my predecessors. As you have heard 
before, an essential step in planning this address is to 
read what has been presented in the past. I have heard 
many of these addresses over the years, but to reread 
taem is an illuminaczing experience. Scholarship, profun- 
dity, anc appropriateness to the times are characteristics 
of all. Attempting to mairtain this tradition of excellence 
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is a severe challenge, one that I must confess I meet with 
misgivings. Stanley Hoerr’ described the presidential ad- 
dress of this organization by saying “Once a year, like a 
wild card at poker, the president of this association is per- 
mitted a departure from the strict scientific base to air be- 
fore a captive audience, for better or for worse, his pet be- 
liefs and prognostications.” In viewing what I am about 
to say, I would add that this wild card has provided me 
with an opportunity both to expose my prejudices and to 
attempt to persuade you that they are valid. 

My subject, specialization and superspecialization in 
surgery, was succinctly described by my colleague C. 
Stuart Welch, who said, “Specialization in surgery is a di- 
lemma of our times.” I hasten to say, however, that I con- 
sider specialization in any field to be desirable, inevitable, 
and indeed essential for progress. The dilemma lies in the 
unanswered question of when it is desirable, inevitable, or 
essential to recognize, set apart, and regulate each field of 
special interest by the development of prescribed educa- 
tional requirements and a certifying examination. We are 
beset today by pressure groups, each interested in attain- 
ing such recognition. 

For example, pediatric surgery is well on its way in the 
process of becoming a subsidiary of the American Board 
of Surgery. This will enable properly qualified men who 
pass the examination to receive a certificate of special 
competence in pediatric surgery. Many of you will recall 
that when the question of the propriety of designating 
this field as a subspecialty was discussed by the parent or- 
ganization of the American Board of Surgery eight years 
ago, the Central Surgical Association was the only group 
to give unqualified endorsement to the application. I am 
pleased to say that as your representative to the Ameri- 
can Board of Surgery I recommended this step to the 
il at that time. I say this because I am afraid that 
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when I complete this talk I will be accused of being op- 
posed to progress. 

More recently an application for subspecialty status for 
peripheral vascular surgery was transmitted to the Amer- 
ican College of Surgeons, the American Surgical Associa- 
tion, and the American Board of Surgery on behalf of the 
Society for Vascular Surgery and the International Cardi- 
ovascular Society. You are all aware of the abortive ef- 
forts made by the American Society of Abdominal Sur- 
geons to secure primary board status for that specialty. 
Similar applications have been made or can be anticipated 
from hand surgery, head and neck surgery, the surgery of 
trauma, surgical oncology, and critical care medicine 
(which is, of course, largely surgical). The questions to be 
asked concerning these applications are: What would be 
the impact of approving the applications for specialty 
status of all of these groups on graduate educational pro- 
grams in surgery? Will board status or subspecialty status 
for these various disciplines better serve the needs of the 
country for surgical care? 

The development of graduate educational programs in 
these fields will, to the greatest extent, infringe on gen- 
eral surgery, a field already suffering symptoms of depri- 
vation from the proliferation of residency programs in all 
of the primary surgical specialties. Should specialty status 
be conferred on each of the aforementioned groups, gen- 
eral surgical training programs are bound to be weakened 
and, I fear, the quality and quantity of graduates of 
American medical schools electing careers in general sur- 
gery will further decline. Insofar as the general surgeon is 
still, in greatest measure, responsible for the delivery of 
surgical care in this country, a decline in his educational 
opportunities is likely to be reflected by a decline in his 
competence. The impact of such a decreased level of abil- 
ity must be carefully weighed against the benefits of in- 
creasing the numbers of men qualified in the abovemen- 
tioned subspecialties. In larger communities or medical 
centers, surgical superspecialization is already the rule; in 
smaller communities of say 30,000 people or less, the num- 
bers of patients with lesions falling into the purview of 
these subspecialties are insufficient to support this type of 
surgical practice and, if for no other reason, the general 


surgeon is, and likely will continue to be called on to pro- 


vide most of the surgical care. 

It is also important to continue to produce broadly edu- 
cated surgeons who will endeavor to expand the frontiers 
of surgery. The now recognized surgical specialties devel- 
oped as a result of the efforts of men with unrestricted 
vision, general surgeons if you will. The patron saint of 
modern vascular surgery René Leriche was a man of cath- 
olic interests. A partial listing of these interests include, 
in addition to the syndrome that bears his name, the sym- 
pathetic nervous system, periarterial sympathectomy, ar- 
teriovenous fistulas, aneurysms, and lowering the cerebro- 
spinal fluid pressure in treating fractures of the cervical 
spine with cord compression. Along with his associate 
Policard, he made many contributions to the pathophysi- 
ology of bone. As an aside, one of their monographs was 
translated into English by a former teacher of mine, J. Al- 
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bert Key, MD, the St. Louis orthopedist. When Leriche, on 
first meeting Key, found Key unable to speak French, he 
asked how he had translated his book. To this Key replied, 
“Avec le dictionnaire!” 

The surgical giants of the past generation, the 
Whipples, Grahams, Phemisters, Churchills, Cutlers, 
Reids, Heuers, Ravdins, and Blalocks, all made significant 
contributions to varied surgical specialties. It is almost an 
axiom that the narrower the field in which an individual 
has been nurtured, the less likely will he be to make last- 
ing contributions. The founders of modern orthopedic sur- 
gery, plastic surgery, cardiovascular surgery, neurological 
surgery, and also peripheral vascular surgery were all 
general surgeons. In fact most of these men were first 
natural scientists. It is interesting that some of our 
younger surgeons, broadly based in their origins, have ini- 
tiated training programs that are narrowly restricted to 
highly specialized fields, a process closely akin to trade- 
schoolism. I cannot help but believe that this is a de- 
plorable trend, one that will be stifling to progress. 

To quote from an address by Owen Wangensteen,’ 

If the splintering and fragmentation of surgery continues to the 
end that an established surgeon, whether in the academic arena or 
in community surgery, addresses himself to the acquisition of 
mastership of a few operations, certainly he will do these oper- 
ations better than the wide ranging surgical generalist. Is the 
general surgeon to become a disappearing entity of lesser impor- 
tance in the future of surgery? I would like to believe not. We 
need only reflect that all present-day intrathoracic surgical proce- 
dures including those on the mediastinum, lung, esophagus, and 
heart, were developed by general surgeons. If the surgical special- 
ist is to dominate the scene completely, the future advance of sur- 
gery in my opinion will be retarded. 

Another consideration is the impact of additional surgi- 
cal specialties on the economics of surgical practice. 
Bunker’ found that the number of operations and the 
number of surgeons per unit of population were twice as 
great in the United States as in Great Britain. Similar 
data have more recently been reported from Canada,° 
where the number of surgeons is also not controlled as it is 
in England. The reasons for these differences are complex. 
Bunker attributed them to such things as fee-for-service, 
solo practice, and a more aggressive therapeutic approach. 
Other factors that he considered included a relative lack 
of consultation, unregulated and unstandardized practice, 
abundant facilities, and the plethora of surgeons. While his 
report cannot be precisely interpreted in terms of the 
quality of care, there is no evidence that the lesser number 
of operations in Britain has effected a comparable de- 
crease in the health of the populace. On the contrary, as 
noted by Beeson,’ the current trends in health statistics in 
Great Britain are better than ours. In the Canadian study 
in elderly people, the mortality from diseases of the gall- 
bladder was twice as high in Canada as in England and 
Wales, but the Canadian cholecystectomy rate was more 
than five times greater! 

While I know of no proof that an increased number of 
certified surgical subspecialties will in turn increase the 
number of surgeons, I would expect this to occur. It is also 
only reasonable to believe that this will be reflected in a 
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further increase in the rate of operations. Perhaps this 
may prove to be another variation of the Parkinson law. 

The most important justification for specialty status 
and certification in surgery is the need to provide the pub- 
lic with a means of differentiating between the trained 
and untrained surgeon. This is a paraphrase of the state- 
ment made by the founders of the American Board of Sur- 
gery. The need to provide the public with a means of as- 
sessing a man’s surgical qualifications was unquestioned 
at that time. Whether a = milar need exists in equal mea- 
sure teday to define competence in head and neck surgery, 
hand surgery, peripheral vascular surgery, surgical oncol- 
egy, and so on is less apparent. Certification in these disci- 
plines would, with the excepzion of abdominal surgery, be 
subsidiary to other boards, and the men so certified have 
already had eonsiderable, although variable, experience in 
each of these fields. The Gegree of incompetence existent 
among men whose work irvolves one or more of these dis- 
ciplines is by no means well quantified. 

In the instance of peripneral vascular surgery, a major 
study ef the end results o: treatment was conducted that 
showed considerable varia-ion between the reporting cen- 
ters.’ While this study was used as the basis for defining 
the standards of graduate education and for the main- 
tenance of proficiency in peripheral vascular surgery, it 
does not contzin documentation of the extent to which im- 
proper or inadequate operations are being performed by 
men who dabble in peripheral vascular surgery on a casual 
basis. The main substantiation of the inadequacies of care 
of patients with diseases of the peripheral vascular sys- 
tem is anecdotal, whereby serious errors in management 
of individual patients are recounted. I do not question 
whether such examples of poor surgical care exist, but I 
am far from certain that tae magnitude of the problem is 
sufficient to justify approval of the certification process. 
Surgical complications occur even in the hands of the su- 
perbly trained master surg2on. So also will errors in judg- 
ment or technique be seen in the practice of all surgeons, 
although with lesser frequency in the trained than the un- 
trained. For this reason the anecdotal approach is of little 
value in the appraisal of the need for subspecialty status. 
Above all we must be certein that the stimulus to attain 
subspecialty status is proven need to elevate standards 
rather than the gratificatien of ego. In his discussion of 
the paper on “Optimal Resources for Vascular Surgery,” 
C. Rollins Hanlon, MD, director of the American College 
of Surgeons, cautioned that-professionalism today is often 
equated with elitism and taat such movements might be 
suspect of serving a groups own interests either finan- 
cially or intellectually.’ 

The creation of fellowships for advanced training in all 
of these fields is a laudable step, providing it is limited to 
a few centers in each discpline. It is also natural that 
some men should confine their work to a smaller, better 
defined area than general surgery. There are practical 
limits, however, to the size of the fragments into which 
the field of surgery can be dwided. There are also practical 
limits to the rezognition of such smaller fields of interest 
by the creation of new spedalty boards or examinations 
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for certificates of special competence within the structure 
of existing boards. Over the years a number of men con- 
fined their work to the surgery of the thyroid gland. They 
perfected their knowledge and technical ability to a fine 
point, they belonged to the goiter society, and undoubt- 
edly they would have liked to have seen thyroid surgery 
confined to their small and intimate coterie, but never, 
never did they seek subspecialty status. The smallest field 
up to the present to achieve specialty status is colon and 
rectal surgery. The smallest of the surgical boards is the 
American Board of Colon and Rectal Surgery. In the 1972 
to 1973 Directory of Medical Specialists, less than 400 
names are listed as certified in this field; this number 
includes foreign diplomates and many men whose primary 
field of interest is listed as general surgery. Is the public 
being given inadequate care because most surgeons who 
do colon and rectal surgery have not received special 
training in this field? 

The men seeking the certificate for peripheral vascular 
surgery include some of our most productive, capable, and 
articulate surgical leaders; I do not impugn their motives. 
Nevertheless, the number who profess to be vascular sur- 
geons, who restrict their practice to peripheral vascular 
surgery is exceedingly small. The two vascular societies 
are almost equally divided between surgeons doing pe- 
ripheral vascular surgery and surgeons doing primarily 
cardiac surgery. A few of the former may do a small 
amount of cardiac surgery and some cardiac surgeons also 
do peripheral vascular surgery. A sizeable number of those 
doing peripheral vascular surgery are certified by both the 
American Board of Surgery and the American Board of 
Thoracic Surgery. Mention has been made that both 
boards should share in the certifying process for periph- 
eral vascular surgery. Should the American Board of Sur- 
gery eventually decide unfavorably on the request that it 
has received, which up to the present does not seem likely, 
the possibility exists that the American Board of Thoracic 
Surgery might take unilateral action. Of course, regard- 
less of the decision of either or both of these boards, the 
eventual prerogative for approval lies in the hands of the 
American Board of Medical Specialties, which group will, I 
hope, exercise good judgment in their eventual decision. 

Of lesser importance are the medicolegal problems that 
conceivably could result from the recognition of these su- 
perspecialties by certificates of special competence. The 
surgeon not possessed of such a certificate who dared 
transgress the bounds of that discipline would do so at his 
own peril, and in these days of outlandish judgments this 
is no small peril indeed. You may say “so much the better, 
he should not have done the operation in the first place.” 
This has limited truth, for there are numerous emergency 
situations in which a surgeon not possessed of a certifi- 
cate of special competence might be called on to do a limb 
or lifesaving operation. Under our current liability risk, he 
might well prefer to send the patient elsewhere, despite 
the risk to the patient of such a delay. In our hospital we 
now see fewer ruptured aneurysms than we did ten years 
ago, in part owing to earlier diagnosis and operation, but 
also in no small measure because they are being cared for 
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in the community hospitals in which they are first seen. In 
many instances the operations are done by our former 
residents. Included in their training was experience in the 
diagnosis and operative treatment of ruptured aneu- 
rysms, although not in all instances in large numbers. The 
results of these operations are in keeping with the results 
reported from various centers. 

There are ways of improving the standards of surgical 
care other than through the certifying process. The first 
and probably most important is the development of better 
educational opportunities in special fields. The second was 
the subject of the presidential address before this associa- 
tion by our host Dr. William Altemeier on “The Surgical 
Conscience.’* Complete self-honesty on the part of sur- 
geons in all levels of their activity should be one of the 
strongest deterrents to the unqualified. Unfortunately, 
human frailty frequently prevents the self-analytic pro- 
cess from reaching proper conclusions. Accordingly 
stronger and more objective measures are needed. The 
surgeon-in-chief of a hospital in the fulfillment of his obli- 
gations should be aware of the performance of operations 
by men on his staff who are poorly qualified to do them, as 
judged by results that are unacceptable. Certainly hospi- 


tal boards of trustees are increasingly alert to the mal- 
practice hazards to their hospital when unqualified men 
are permitted to have surgical privileges. Quality assur- 
ance programs, including the surgical audit and an alert 
tissue committee, programs now stressed by national leg- 
islation and the Joint Commission on Hospital Accredita- 
tion, should be an effective brake against such surgical 
transgressions. If all of these measures are effectively em- 
ployed, the need for the examining and certifying process 
should be less compelling. 

I sincerely believe that if certificates of special compe- 
tence are granted to all of the groups who presently are 
convinced that their field of interest requires this process, 
surgery and the public will lose more than they will gain. 
In taking this stand, I hope that my friends whose opin- 
ions differ from those I express will be understanding of 
my convictions. More importantly, I hope that those of you 
who share my views will speak out against the continued 
fragmentation of surgery. 

It is a great privilege to serve as your president and, in 
closing, I wish to express my gratitude to you for this un- 
expected and, I am afraid, undeserved honor. 
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Primary Liver Tumors 


in Infanev and Childhood 


41 Cases Variously Treated 


H. William C.atworthy, Jr., MD; Medad Schiller, MD; Jay L. Grosfeld, MD 


Forty-one infants and children with primary tumors of the liver 
have been evaluated as to ced type, age, sex, symptoms, diagnosis, 
therapy, and results. Twenty-six (60%) harbored malignant hepa- 
tomas, and there was one cae each of malignant teratoma and mes- 
enchymema. Thirteen lesions were histologically benign. Twenty- 
seven (65%) of the patients were less than 2 years of age, half were 
males. and most were admitted with an asymptomatic abdominal 
mass. Tumor localization was accomplished by conventional roent- 
genographic and scanning techniques. Three patients were diag- 
nosed at autopsy and 38 uncerwent exploratory operation. Twenty- 
two tumor resections were Completed with three operative deaths. 
All patients with benign tumcrs and three of the nine (334%) of the 
hepatema patients have remained well five or more years. Additional 
success may be accomplished by combining radiation, chemother- 
apy, and second-look resections. 


n 1952 the first suecessful right hepatectomy 
for a hepatoblastoma was performed at the Columbus 
Children’s Hospital.' Since that time we have had an op- 
portunity to study 40 adGitional infants and children with 
a variety of benign and malignant neoplasms arising in 
the liver. During these two decades, many important 
changes in liver tumor management have taken place. 
Diagnostic acumen has been sharpened by the use of 
scanning techniques, anzicgraphy, improved pathologic 
classiñcation, and, recencly, the development of tumor- 
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specific laboratory tests. Operative procedures have been 
standardized to permit the relatively safe resection of up 
to 85% of the normal liver substance. Chemotherapy and 
radiotherapy have been studied and, in some instances, 
have proved to be of real value. Finally, some of the fac- 
tors that permit and inhibit liver regeneration and the 
growth and development of successfully treated children 
have been elucidated. Thus, today, nearly all of the benign 
and many of the malignant tumors encountered can be 
successfully treated. This report summarizes our experi- 
ence with 41 consecutive patients with primary liver tu- 
mor, 28 of whom had malignant neoplasms, admitted to 
the Columbus Children’s Hospital since 1950. All have 
been evaluated as to cell type, extent of lesion, age, sex, 
initial symptoms, diagnostic tests utilized, therapy em- 
ployed, and results achieved. 


Review of 41 Patients 


Cell Type.—Primary tumors of the liver in childhood are 
most commonly of hepatic cell or supporting structure ori- 
gin or are mixed tumors. Thirty-one of the 41 patients in 
this series had mass lesions that appeared te originate . 
from hepatic or biliary epithelium; 26 were primary malig- 
nant lesions of hepatic cell origin. Two distinet types of 
hepatoma were observed: the hepatocarcinoma (similar to 
that seen in adults and usually associated with cirrhosis of 
the liver) in two older children, and the hepatoblastoma 
(usually found in young infants) in 24 patients. There was 
one patient with a benign cholangiohepatoma, two in- 
fants with large hepatic cysts, and two patients with 
nodular hyperplasia in the liver. 

Eight of the patients had tumors of the supporting 
structures, presumably of mesodermal origin. These in- 
cluded four hemangiomas, two giant cystic lymphan- 
giomas, and one each of fibroangioma and malignant 
mesenchymoma. There was a single case of malignant 
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Fig 1.—Distribution of primary liver tumors in 41 patients: 
13 benign, 28 malignant. 


teratoma and one child with multiple areas of eosinophilic 
granuloma. 7 

The distribution of the tumors related well to the loca- 
tion of liver tissue. Twenty-four lesions appeared to origi- 
nate in the right lobe; 11 were central or diffuse; and six 
were localized in the left lobe (Fig 1). 

Age and Sex.—The ages ranged from the newborn period 
to 17 years. Twenty-seven patients (66%) were diagnosed 
and treated while under the age of 2 years, and 21 (51%) 
were in the first year of life. Only ten of the 41 patients 
were over 5 years of age. No age difference was observed 
between those with benign and those with malignant le- 
sions (Fig 2). Sex distribution was nearly equal. In the en- 
tire series there were 20 girls and 21 boys, and the hepa- 
toma group was equally divided as to sex. 

Symptoms.—Abdominal enlargement and a visible or 
palpable mass were the usual symptoms on admission. In 
over 50% of the patients, the tumor was detected by the 
parents or the family physician on routine examination. 
Pain, fever, weight loss, and gastrointestinal tract symp- 
toms were infrequent. An abdominal mass was readily 
palpable in all patients with malignant lesions and in 
most with benign tumors. The mass was located in the 
right upper abdominal quadrant or epigastrium and 
moved with respiration in almost every case. The solid tu- 
mors were firm, ovoid, sometimes nodular, and did not 
transilluminate. Transillumination following adequate 
dark adaptation was useful in differentiating solid from 
cystic tumors. 

Jaundice was observed in only one patient, a 14-year-old 
girl, with postnecrotic cirrhosis and a superimposed adult 
type of hepatocarcinoma. 

Cyanosis and congestive heart failure were noted in two 
infants with hepatic hemangiomatosis. In both, however, 
the diagnosis was established at autopsy. Congestive fail- 
ure was considered due to intrahepatic arteriovenous 
shunting. One infant had hemangiomata involving the 
skin and pancreas, as well as the liver. 

Diagnostic Evaluations.—Laboratory studies were of 
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Fig 2.—Age distribution of hepatic tumors. 


little value in the preoperative patient evaluation. Rarely, 
the alkaline phosphatase value was mildly elevated; other- 
wise liver function tests were essentially normal, except 
in the presence of cirrhosis or jaundice. The a,-fetoglobu- 
lin levels were not determined in this group of patients al- 
though they have been reported to be commonly elevated 
in hepatoma by Alpert et al.’ 

Roentgenographic studies included plain films of the ab- 
domen, high-infusion pyelogram and simultaneous infe- 
rior cavogram, and chest and metastatic bone survey to 
search for distant tumor spread. Since 1970, aortic flush or 
selective arteriography and intraoperative portography 
have been helpful. 

In four children, pulmonary metastases were demon- 
strated on initial chest roentgenograms. A mass was ob- 
served in 33 patients on the plain film. In five cases calcifi- 
cation was seen, three of which were malignant 
hepatomas, one a malignant teratoma, and one a benign 
hemangioma. The intravenous pyelogram demonstrated 
that kidneys functioned normally and were in their usual 
position in two thirds of the patients. In one third of the 
patients, however, compression and some downward dis- 
placement of the right kidney were noted. Intrinsic cali- 
ceal distortion or marked displacement as seen with the 
more common nephroblastoma or neuroblastoma was not 
observed. The inferior cavogram was normal in four cases, 
displaced in six, and obstructed in five. Serial hepatic arte- 
riograms were performed in the three most recent pa- 
tients in this series and provided valuable information re- 
garding vascular anatomy, operability, and the nature 
and degree of vascularity of the lesion as described by Su- 
zuki et al’ and Tsunoda and Nishi.‘ 

Liver scans were useful adjuncts both preoperatively, as 
diagnostic aids, and postoperatively, in assessing the rate 
of regeneration in resected patients. All tumors appeared 
as “cold” space-occupying lesions on the sean. 

Therapy and Results.—No definitive therapy was em- 
ployed in three patients in whom the diagnosis was estab- 
lished at autopsy. One of these was a 14-year-old girl with 
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a central hepatocarcinoma associated with cirrhosis of the 
liver, and two were newborn infants with diffuse hepatic 
hemangiomatosis associated with high-output cardiac fail- 
ure similar to the 20-day-old infant originally reported by 
Levick and Rubie in 1958.5 

An exploratory laparotomy was performed in the re- 
maining 38 patients. In 1¢ cases of hepatoma, biopsy alone 
was performed because of irresectability due to extra- 
hepatic spread or to diffuse or central involvement of the 
liver. All of these patients died of their disease within one 
year. Radiotherapy was administered in seven and in com- 
bination with chemotherapy in five. Chemotherapy alone 
was administered to twe. Neither the intrahepatic pri- 
mary nor pulmonary metastases were eradicated by such 
treatment, although a marked decrease in size of the pri- 
mary hepatoblastoma was observed in a 3-year-old boy 
treated with 3,000 roentgens of radiation alone. Systemic 
chemotherapy including cyclophosphamide (Cytoxan), 
dactinomycin, vincristine sulfate, methotrexate, chlor- 
ambucil, and fluorouracil were used. No intra-arterial 
chemotherapy was attempted. 

One patient with multiple nodules of eosinophilic granu- 
loma is alive and well four years following biopsy. One in- 
fant with a huge, unreseztable, centrally located, solitary 
hepatic cyst was treatec successfully by intraperitoneal 
drainage. 

In the remaining 22 patients the primary tumor was 
eonsidered to be resectab e since the lesion was confined to 
one lobe or segment of the liver and there was no evidence 
of extrahepatic spread. Total right lobectomy was under- 
taken in 15 patienzs, a eft lobectomy in three, and left 
lateral segmenteetomy in four. 

Thirteen of these patients had malignant tumors, in- 
eluding 11 with hepatoblastoma, one mesenchymoma, and 
one teratoma. Two of the patients on whom a right hepa- 
teetomy was attempted died during the operative proce- 
dure. One child experienced a fatal hemorrhage from a 
tear of the middle hepatie vein, the other died as the result 
of an air embolism. Both were operated on early in this 
study. No deaths were experienced in major resections for 
benign disease. Of the survivors operated on, three had 
significant postoperative complications and one died. A 6- 
week-old infant in whom a right hepatic lobectomy was 
performed for hepatoklastoma developed progressive 
jaundice and had acholie stools. At reoperation, the left 
hepatic duct was noted to have been ligated. The ligated 
area was resected and the biliary tract reconstituted by 
end-to-end anastomosis over a T tube that was left in 
place for 18 montks. The T tube has now been removed 
and the child is jaundice-free and without evidence of tu- 
mor. The second infant developed an abscess following the 
use of a sheet of compressed formalinized polyvinyl 
sponge (Ivalon) to cover the exposed remaining hepatic 
surface. Drainage of the abscess and removal of the syn- 
thetic material led to rapid improvement and eventual re- 
covery. The third, a 5-moncth-old patient, who previously 
underwent exploratory surgery at a community hospital, 
developed fatal staphylococcal sepsis following a right 
hepatectomy for hepatoblastoma. 
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The infants with the malignant mesenchymoma and the 
teratoma died with recurrent tumor. | 

Three patients with primary hepatoblastoma are alive 
and tumor-free, 11; 10, and 4% years following a right 
hepatectomy (two patients) and left lateral segmentec- 
tomy (one patient). All nine of the children with benign 
tumors are well, and each has returned to a normal growth 
and development pattern. 


Comment 


Primary tumors of the liver occur with sufficient fre- 
quency in infants and children to justify a continuing 
reappraisal of their management. Two thirds of these le- 
sions will be malignant and found in patients less than 2 
years of age. The remaining benign lesions are most com- 
monly hemangiomas, lymphangiomas, liver cysts, or ham- 
artomas. 

Among the benign lesions, Longmire has recently re- 
viewed the management of hepatic cysts, the origin of 
which remains poorly understood.’ However, uncompli- 
cated cases can be treated by a safely performed resection 
or intraperitoneal drainage. Hemangiomata may be asso- 
ciated with circulatory failure in infants and young chil- 
dren. Such patients have been successfully treated by ex- 
cision if the lesion is localized, by hepatic artery ligation if 
diffuse, by radiation,’ and, more recently, steroids.* Solid 
or cystic hamartomatous lesions are frequently peduncu- 
lated, peripherally located, and were among the first suc- 
cessfully treated by the surgeon. Localized foeal nodular 
hyperplasia in a cirrhotic liver is not uncommon; in fact, it 
is apparently a quite benign disease and, when recog- 
nized, does not require specific treatment.’ 

The malignant lesions are usually some type of hepa- 
toma. Most are the infantile hepatoblastoma, which ap- 
pears to be the third most commonly encountered intra- 
abdominal malignant neoplasm in this age group (being 
exceeded in incidence only by neuroblastoma and neph- 
roblastoma). Fraumeni et al, in an epidemiologic study of 
this lesion, have acquired data to suggest that in the 
United States the incidence is highest in the eentral and 
Great Lakes area.’ 

Fortunately, hepatoblastomas occur in otherwise nor- 
mal livers and appear to have a much better prognosis fol- 
lowing resection than do “adult” hepatomas so often asso- 
ciated with cirrhosis. These tumors are also probably of 
congenital origin. | 

Misugi et al“ and Kasai and Watanabe” have presented 
clinical and pathological evidence that suggests that the 
cause of childhood liver malignant neoplasms varies with 
the age of the patient. The concept of congenital origin of 
the infantile form is supported by the reported occur- 
rences in the newborn, the peak incidence in infancy, and 
an occasional relationship to extrahepatic anomalies and 
other congenital liver disorders. Instances of biliary atre- 
sia, neonatal hepatitis, von Gierke disease, and the de 
Toni-Faconi syndrome have all been recorded in associa- 
tion with cases of infantile hepatoblastoma. Extrahepatic 
anomalies such as hemihypertrophy and hemangiomas 
have also been observed. Hung et al and Behrle et al’ 
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have noted sexual precocity in cases of embryonal liver tu- 
mor, presumably due to increased levels of circulating 
gonadotropin. Hepatoblastoma and adult type hepatoma 
affecting siblings have been recorded by Fraumeni et al.” 
None of these unusual but etiologically interesting vari- 
ants were observed in this series of cases. 

The effective treatment of liver tumors, until a few 
years ago, has been limited entirely to operative interven- 
tion. Benign tumors, metastatic lesions, and primary ma- 
lignant neoplasms have all been surgically attacked with 
varying results since 1870. The first recorded long-term 
success with childhood hepatoma is a single case of spon- 
taneous regression that followed an incision biopsy re- 
ported by Lee et al in 1956.'° Since then, there have been 
increasing numbers of isolated case reports and small 
series that indicate that many children with malignant le- 
sions can be salvaged by resection alone and that, in se- 
lected cases, radiation, chemotherapy, and even liver 
transplantation may eventually be more widely employed. 

Surgery has been the mainstay of our treatment pro- 
gram, and nine of 11 of the benign tumors and 13 of 27 
malignant lesions were deemed “resectable” at the time 
of operation. The resection has been handled in a rela- 
tively uniform fashion, utilizing techniques of inflow and 
outflow hemostasis and liver compression to provide an es- 
sentially dry operative field when needed. Individual hilar 
vessel and duct ligation, combined with finger fracture as 
described by Lin et al," have been incorporated into our 
surgical management. Intraluminal or extracorporeal 
shunts have not been used. For major resections, a thora- 
coabdominal incision is preferred since it reduces the risk 
of air embolism and provides easy intrapericardial access 
to the inferior vena cava and to the troublesome hepatic 
vein area. Following the studies of McDermott et al'* 
there has been a greater appreciation of the metabolic and 
physiologic considerations that occur following major he- 
patic resections. Ten percent glucose infusions, plasma 
protein fraction (Plasmanate) (20 ml/kg/day), or fresh 
whole blood and vitamin K were administered as needed 
for five to seven days in major resection cases. 

In the future, the second-look resection may be increas- 
ingly successful. Hermann and Lonsdale” reported a case 
of an infant with an originally inoperable hepatoblastoma 
in which radiation and chemotherapy in combination with 
a secondary operation performed in 1965 resulted in a 
five-year cure. 

Hasegawa et al” has also recently reported the case of a 
5-month-old boy who was originally “inoperable.” Follow- 
ing one month of vincristine (0.5 mg/sq m) and cyclophos- 
phamide (100 mg/sq m) therapy, each administered intra- 
arterially three times a week, the tumor regressed and 
was successfully resected. Serial a-fetoprotein titers were 
_ effective as guides to tumor regression in this case, and 
have become normal and remained so for two years fol- 
lowing the successful second-look resection. 

Unfortunately, some of these modalities were used, per- 
haps less aggressively and without success, in seven pa- 
tients in this study. Only one unresectable hepatoblas- 
toma responded dramatically to radiation (3,000 R), but 
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the child died of pulmonary metastases. 

Radiation with or without chemotherapy, however, may 
be dangerous following major liver resection. Recent clini- 
cal and experimental studies have demonstrated the ad- 
verse effects of both of these therapeutic modalities on the 
remaining regenerating liver as well as the intact organ. 
Both RNA and DNA synthesis in the liver are severely 
suppressed after partial hepatectomy when x-rays or dac- 
tinomycin are administered shortly after operation.” 
These observations suggest that if radiation and chemo- 
therapy are to be used, they probably should be withheld 
following major hepatectomy until life-sustaining liver 
regeneration has taken place. 


Nonproprietary Names and 
Trademarks of Drugs 


Dactinomycin—Cosmegen. 
Fluorouracil—Oncovin. 
Vincristine sulfate—Efudex, Fluoroplez. 
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Discussion 


Lester W. Martin, MD, Cincinnati: I wish to compliment the 
suthors on their excellent presentation and impressive results. 

Our experience in Cincinnati has been somewhat similar to the 
€olumbus experience, with taree long-term survivors from right 
epatic lobectomy for hepateblastoma, no operative deaths, and 
po deaths in the group with tumors that were histologically be- 
nign. 

One patient, a 15-year-old girl, initially consulted an endocrinol- 
qwist because of delayed sexual maturation and, on examination, a 
mght upper quadrant mass was discovered. 

At operation, through a generous thoracoabdominal approach, a 
large hepatoblastoma was fourd to have replaced most of the 
mght lobe of the liver, necessitating an extended right lobectomy. 
Sexual maturation following operation was striking, with initia- 
tion of regular menses six months following operation. 

Diagnostic techniques, including selective angiography and ul- 
trasound. available to the surgecn today permit accurate preoper- 
ative evaluation and a planned, orderly operative approach. With 
experienced anesthesia persoanel and careful operative technique, 
even the most formidable tumors, including those with extension 
to surrounding structures such as diaphragm and pericardium, 
can be removed with minimal blood loss and a negligible operative 
rsk. This often offers the only hcpe available for permanent cure. 

The authors are to b2 congratulated on their presentation. Two 
questions: (1) What kas been your experience with endocrine 
manifestations of liver tumors? (2) Would you anticipate or have 
you encountered portal hypertension following right hepatic lo- 
bectomy chat blocks approximately 80% of the portal flow? 

Roger? E. HERMANN. MD, Cleveland: Dr. Clatworthy and his as- 
sociates have one of the largest series of surgically managed he- 
patie tumors in children. It is a pleasure to learn of their follow-up 
and survivors. They kave apparently had no success, however, 
with either radiation or chemotherapy in the management of 
these tumors. 

In 1965 we saw a 15-month-old boy with a large hepatoblastoma 
o the right lobe of the liver taat was unresectable at initial explo- 
ration. In the sueceeding eight months the child received a course 
of chemotherapy using vincristine sulfate and cyclophosphamide, 
and a course of cobalt therapy of 2,700 R. The liver mass ap- 
peared, on clinical examination, to be steadily regressing in size. 
Im addition, we noted calcifications occurring in the right lobe of 
the liver. 

In May 1966, eight months after the previous exploration, the 
patient again underwent exploratory surgery. Biopsies again 
snowed hepatoblastoma in many areas of the liver, but in many 
other areas the liver had undergone fibrosis and extensive calcifi- 
cation. Aż this time it was possible to resect the tumor completely 
by means of an extenced right hepatic lobectomy. The patient is 
row alive with no evidence of disease 7’ years after operation. 

Dr. Clatworthy asked me tc mention this case to make the point 
that, on rare occasions, chemotherapy and radiation therapy may 
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provide some additional benefit. 

Don R. Miter, MD, Irvine, Calif: I want to compliment Dr. 
Clatworthy on his excellent results. 

I would like to point out the importance of the hepatic veins in 
this operation, and to recommend an incision that I have found 
useful in accomplishing this. This has been described in the past 
(Ann Surg 175:193, 1972), but I would like to demonstrate the ex- 
posure possible using a median sternotomy extension of the mid- 
line incision for hepatic lobectomy. 

The incision is carried up about halfway on the sternum, with- 
out dividing it laterally. This, then, permits control of the inferior 
vena cava within the pericardial space, not requiring approach to 
the vein subdiaphragmatically. Also the inferior vena cava is con- 
trolled from below, as is the hepatic artery. 

A tape is put around the intrapericardial inferior vena cava. A 
vascular clamp is placed on the right hepatic vein. The other vas- 
culature is also obstructed, and causes a line of demarcation 
across the interlobar area. The exposure permitted by this incision 
is great. We have found it useful in traumatic cases as well. This 
patient is alive about two years postoperatively. 

CHARLES E. Lucas, MD, Detroit: Dr. Clatworthy, is it your cur- 
rent policy to drain the common bile duct, and have you had any 
problems with biliary cutaneous fistula? 

Dr. CLATWORTHY: I must say “no” to all questions. We did have 
a problem with reconstruction in one 7-month-old in whom the left 
common bile duct was inadvertently divided during the right 
hepatectomy. We did not observe postoperative portal hyperten- 
sion or pre- or postoperative endocrinopathy, although Hung et al 
and Behrle et al have both reported virilization in a patient with 
hepatoblastoma. 

I appreciate the discussion and particularly thank Dr. Martin 
for the vivid documentation of the operative procedure. We have 
not used Dr. Miller’s midline sternal splitting approach, but I feel 
that it would have particular value in trauma and it has the virtue 
of providing excellent control in the area of the hepatic veins. 

Dr. Hermann’s successful “second-look” hepatic resection de- 
serves emphasis. This more aggressive effort with localized radia- 
tion, chemotherapy, and reexploration for “inoperable” localized 
intrahepatic hepatoblastomas may lead to further cures. Hase- 
gawa et al have reported a single similarly successful second look 
resection after intra-arterial chemotherapy for a previously inop- 
erable tumor, and, in our series, there was one 83-year-old boy with 
a huge hepatoblastoma that was initially inoperable. Following ra- 
diation, the primary tumor shrunk to a tangerine size and ap- 
peared operable at autopsy, but the child died of pulmonary me- 
tastases. 

It is particularly appropriate that the Central Surgical Associa- 
tion should be appraised of the hepatoma problem since, according 
to Fraumeni, this lesion is several times more commonly encoun- 
tered in the Great Lakes area than elsewhere in North America. 
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Vascular Problems 


in Upper Abdominal Cancer Surgery 


Joseph G. Fortner, MD; David W. Kinne, MD; Dong K. Kim, MD; 
El B. Castro, MD; Man H. Shiu, MD; Edward J. Beattie, Jr., MD 


Involvement of major vascular structures by a malignant neoplasm 
frequently militates against performing an adequate cancer oper- 
ation. Traditionally such involvement is regarded as a contraindica- 
tion to resection of intra-abdominal cancer. Using modern vascular 
surgical principles and techniques, it is feasible to resect involved 
portions of the portal vein, inferior vena cava, celiac axis, and supe- 
rior mesenteric artery with en bloc extirpation of hepatic, pancreatic, 
and retroperitoneal tumors. A series of 17 such resections are re- 
ported with vascular reconstruction in many instances. All patients 
had extensive lesions; all but one had undergone exploratory surgery 
and were regarded as unresectable elsewhere. There were no oper- 
ative deaths. Five patients died in the early postoperative period of 
complications. Twelve patients survived more than three months, 
with eight alive for periods ranging up to 30 months after surgery. 


dha proximity of tumors to major blood vessels deter- 
mines the kind of operation selected for treatment. 
Pancreatic resection has been limited by the portal vein, 
celiac axis, and superior mesenteric artery. Tumor 
thrombi, or invasion of the portal vein, hepatic veins, or 
vena cava, have been criteria of nonresectability in liv- 
er tumors. Fragmentation of retroperitoneal tumors has 
been done when marked retrocaval extension is found. 
Clinical investigation was carried out during the past 30 
months concerning 17 patients who had one or more of 
these vascular problems. With two exceptions, all had 
undergone exploratory surgery elsewhere and had been 
deemed nonresectable. Twenty-seven major vascular pro- 
cedures were carried out with en bloc resection of the neo- 
plasm. 
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Portal Vein Involvement 


The portal vein was involved by tumor either as direct 
cancerous invasion, external compression, or permeation 
of its lumen by tumor thrombus. Twelve patients with 
cancers that involved a segment of portal vein were sub- 
jected to an attempt at curative resection (Table 1). Seven 


Fig 1.—Extended right hepatic lobectomy with excision of seg- 
ment of portal vein plus extrahepatic bile ducts. Reconstruction by 
end-to-end anastomosis of portal vein to lobar portal branch; Roux- 
en-Y choledochojejunostomy (patient 1, Table 1). 


PREVIOUS 
SURGERY 


PORTAL VEIN 
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RESECTION 


INFERIOR 
VENA CAVA 


Fig 2.—Extended right hepatic lobectomy with resection of seg- 
ment of porta! vein and extrehepatic bile ducts. End-to-side portaca- 
val shunt performed (patient 3, Table 1). Hepatic artery, HA; com- 
mon bile duct (CBD). 


had an en bloc resection of portions of either the common 
portal vein or one of its lobar branches (Fig 1 through 4). 
Reconstruction wes carried out by direct reanastomosis. 
Three patients hac tumer thrombi extracted from the por- 
tal vein, in two instances from the residual liver lobe after 
righ: or left hepazic lobectomy. Portal hypertension was 
encountered in two othar patients as a result of encase- 
ment of the portal vein by an extension of a massive liver 
tumor. These two patients were successfully treated by 
hepetic lobectomy with dissection of the tumor away from 
the portal vein. All 12 patients had been considered unre- 
sectable owing to vascular involvement on prior explor- 
atory surgery performed at other hospitals. Four patients 
had hepatocellular carcinoma, two had metastatic carci- 
noid, and three had extrahepatic bile duct carcinoma. 
Three other patients had adenocarcinoma of the pancreas. 

Operative management of nine of the liver patients re- 
quired use of complete vascular isolation and cold perfu- 
sion of the liver. This technique (Fig 5) has been used for 
hepatic lobectomy since 1970.’ It permits meticulous, un- 
hurried dissection of the biliary and hepatic vascular 
structures, for the liver is protected by the cold perfusate 
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Fig 3.—Left hepatic lobectomy with resection of segment of portal 
vein and extrahepatic bile duct (patient 4, Table 1). 


solution. Although no patients died during the operation, 
five of the nine patients died in the postoperative period: 
two from an intractable bleeding diathesis and three from 
hepatic failure, sepsis, and other complications. Of these 
five, four had obstructive jaundice preoperatively and re- 
quired resection of a high portion of the extrahepatic bile 
duct and a segment of portal vein in addition to hepatic 
lobectomy. The four patients who survived the operation 
were placed on chemotherapy and are presently alive at 
nine months, 12 months, 12 months, and 30 months, re- 
spectively, after operation. 

Three patients of this group had advanced cancer of the 
pancreas with involvement of the portal vein. Two of 
these cancers also involved the celiac axis and superior 
mesenteric artery. Regional pancreatectomy’ with en bloc 
resection of involved segments of these vessels were per- 
formed (Fig 6 and 7). Complete occlusion of the portal vein 
and superior mesenteric vein for the period required for 
resection was well tolerated and no untoward hemodynam- 
ic effects were noticed. End-to-end anastomosis of the 
transected ends could easily be accomplished after exci- 
sion of segments of the superior mesenteric and portal 
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Fig 4.—Extended right hepatic lobectomy with resection of porta 
hepatis (patient 2, Table 1). 


Fig 5.—Technique of liver isolation-cold perfusion. Complete iso- 
lation of liver accompanied by infusion of chilled lactated Ringer so- 
lution through hepatic artery and portal vein into liver. Cavotomy 
permits egress of perfusion fluids in isolated system. 


PORTAL VEIN 





Fig 6.—Type 1 regional pancreatectomy including removal of pan- 
creatic segment of portal vein. Hepatic artery, HA; portal vein, PV: 
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end-to-end anastomosis of portal vein without grafting. A, anasto- 
mosis of portal vein after segmental resection; B, skeletonized he- 
patic artery; C, skeletonized superior mesenteric artery; D, end-to- 
side choledochojejunostomy; E, end-to-side esophagojejunostomy. 
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Table 1.—Operations for Cancers With Involvement of the Portal Vein 





Management of 
Portal Vein 


Resection & reanasto- 


Surgical 
Procedure 
nded right hepatic 


Gross 
Pathology 


Growth situated at hilum, Exte 


Patient 
No.  Age,yr/Sex Diagnosis 










Hepatecellular Late postoperative 


carcinoma invading common por- lobectomy with bile mosis between left death from sepsis 
tal vein, proximal part duct & portal vein re- portal vein & com- & portal vein throm- 
of left portal vein, & construction mon portal vein bosis; hepatorenal 
adjacent bile ducts syndrome 
2 47/M Bile dect As above Extended right hepatic As above Early postoperative 
careinoma lobectomy & portal death from bleeding 
vein resection & he- diathesis 
paticocholedochoje- 
junostomy 
3 59/F Bile dact As above plus involve- Extended right hepatic Ligation of distal Late postoperative 
car-inoma ment of vena cava lobectomy with bile left portal vein & death from liver 
duct anastomosis & proximal end-to-side failure 
portal vein resection portacaval shunt 
4 59/F Bile duct Growth involving conflu- Left hepatic lobectomy Segmental resection Early postaperative 
carcinoma ence of hepatic ducts with bile duct anasto- & reanastomosis death from bleeding 
& portal vein mosis & portal vein diathesis 
resection 
5 64/F Metastat.c Tumor thrombus in por- Right hepatic lobectomy Tumor thrombectomy Death from sepsis 
carcinoid tal vein from left main branch 4 mo after surgery 
tumor in of portal vein 
liver 
6 39/F Metastatic Tumor thrombus in por- Right hepatic lobectomy Tumor thrombectomy Alive without evidence 
ca:cinoid tal vein from left main branch of disease at 9 mo 
tumor in of portal vein after surgery 
liver 
7 50/M Heparoma Large tumor right lobe Right hepatic lobectomy Tumor thrombectomy Alive with disease at 
with tumor thrombus & hemicolectomy from portal vein 1 yr after surgery 
in portal vein & in- 
volvement of right 
colon 
8 20/F Hep=oma Massive tumor in right Right hepatic lobectomy Portal vein dis- Alive and well at 30 
hepatic lobe with en- sected free & ob- mo after surgery, 
casement of portal struction relieved clinically free of 
vein, portal hyperten- disease 
sion 
9 27/M  Hepetoma Massive tumor in right Right hepatic lobectomy Portal vein dissected Alive with disease at 
lobe with extension free & portal 22 mo postopera- 
around portal vein & obstruction relieved tively 
retrohepatic area 
causing portal hy- 
pertension 
10 36/M Carcnoma of Tumor encasement of Total pancreatectomy Resection & reanas- Alive without disease 


portal vein & pancre- tomosis of portal vein at 2 yr postopera- 


aticoduodenal artery tively 


Soe Jetleotuodenal artery 


11 Patient 3 


pancreas 


Table 3 


12 Patient 2. 
Table 3 


venous trunk up te 7 em One of the three patients died in 
the early postoperative period from cardiac failure and he- 
patic artery thrombosis. Two patients were discharged 
from the hospital, one dying at five months of metastases, 
while the other is alive without disease at two years. 


H2patic Vein Involvement 


Akin to what is sometimes observed in renal carci- 
nomas, tumor extensior along the hepatic vein and vena 
cava is sometimes encoantered during resection of hepa- 
tomas. Management of <his venous extension can be trou- 
blesome because of poar access to the retrohepatic vena 
cava end its confluence with the major hepatic veins. To 
ensure a safe operation in this area, complete mobilization 
of the right and left hepatic lobes, dissection of the poste- 
rior aspect of the retrobepatic cava from the posterior ab- 
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dominal wall, and tape control of both the suprahepatic 
and infrahepatic caval segments are essential. Four pa- 
tients who had hepatoma with such venous extension were 
operated on in this series (Table 2). Major hepatic resec- 
tion was carried out in each instance, with in continuity 
resection of portions of involved hepatic veins and vena 
cava. In one patient, a massive tumor in the right lobe and 
medial segment of the left lobe was found to be impinging 
on the left hepatic vein, as well as involving beth the right 
and middle hepatic veins. Resection by extended right he- 
patic lobectomy was possible after carefully dissecting 
free the left hepatic vein to ensure drainage of the re- 
maining segment of hepatic tissue. In the other three pa- 
tients, one of whom had a Budd-Chiari syndrome, hepatic 
vein and caval resection was carried out under complete 
proximal and distal vascular control, utilizing the tech- 
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Patient Gross 
No. Age, yr/Sex Diagnosis Pathology 
1 29/F Hepatoma Massive tumor in right 
lobe with tumor throm- 
bus in right hepatic 
vein extending into 
. vena cava 
2 12/M Hepatoma Large tumor in right 
-lobe with tumor in 
right & middle he- 
patic veins, disease 
encroaching on left he- 
patic vein 
3 38/F Hepatoma Tumor in left lobe with 
& cholan- invasion of left he- 
gioma patic vein & adjacent 
: vena cava 
4 62/M Hepatoma Tumor in anterior seg- 
& cirrho- ment of right lobe 





sis with propagation along 
right hepatic vein 








Patient Gross 















carcinoma of celiac axis and 
of pancreas superior mesenteric 
(previous artery 

distal pan- 

createctomy) 

2 32/F Recurrent Involvements of origins 
carcinoma of celiac and superior 
of pancreas mesenteric artery (& 
(previous portal vein) 

Whipple 







volvement with encir- 
clement of origin of 
superior mesenteric 
artery, celiac axis, 
and origin of right 
renal artery 


of body of 
pancreas 












nique of vascular isolation and cold perfusion of the liver. 
No operative mortality was encountered, and all four pa- 
tients were discharged from the hospital. Three are alive 
at four months, 18 months, and 20 months, respectively, 
after operation. The fourth patient developed lung metas- 
tases and died seven months after operation. 


Inferior Vena Cava 


Reference has been made previously to partial excisions 
of the vena cava with hepatic lobectomy. An additional 
case of a large retroperitoneal tumor illustrates the useful 
application of vascular techniques to cancer resection. A 
large retroperitoneal hemangiopericytoma was posterior 
to the vena cava and the right and left renal veins, caus- 
ing sharp compression and anterior bowing of these ves- 
sels. To gain access to the area, the vena cava was tran- 
sected just below the renal veins, and the two ends were 
reflected away from the anterior surface of the tumor. By 
this method, the tumor was removed en bloc and fragmen- 
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Table 2.—Operations for Cancers With Involvement of Hepatic Veins 






Table 3.—Operations for Cancers With Involvement of the Celiac Axis and Superior Mesenteric Artery 


As above & seg- 





Surgical Management of 
Procedure Hepatic Vein . Outcome 
Extended right Tumor thrombectomy Survived 7 mo after 
hepatic lo- from right hepatic operation and died 
bectomy vein with excision of of lung metastases 


sleeve of vena cava 


Extended right 
hepatic lo- 
bectomy 


Left hepatic vein careful- Alive at 20 mo post- 
ly dissected free of tu- operatively with dis- 
mor (sole drainage ease 
of remaining liver) 


Left hepatic lo- 
bectomy 


Alive with no evidence 
of disease at 18 mo 
postoperatively 


Excision of left hepatic 
vein with segment of 
involved vena cava 


Alive without evidence 
of disease at 4 mo 
postoperatively 


Excision of involved he- 
patic vein 


Right anterior 
segmentec- 
tomy 





Management of Celiac 


Surgical Axis & Superior 


No. Age, yr/Sex Diagnosis Pathology Procedure Mesenteric Artery Outcome 
1 56/M Recurrent Involvement of origins Regional pancrea- _Reimplantation of ṣu- Survived 4.5 mo after 


tectomy with en 
bloc excision of 
Origins of in- 
volved arteries 


perior mesenteric ar- 
tery and Dacron graft 
for hepatic artery to 
aorta 


operation & died of 
carcinomatosis; 
vascular grafts pat- 
ent at autopsy 


Survived 314 mo after 
operation and died 
of sepsis & carci- 
nomatosis 


Dacron Y graft to aorta 
mental excision 

of portal vein, 

(Table 1) 


procedure) 
3 50/M Carcinoma Diffuse pancreatic in- As above & en As above Early postoperative 


death from pulmo- 
nary edema & 
thrombosis of he- 
patic artery 


bloc left ne- 
phrectomy 





tation of the tumor was avoided. Redundancy of the vena 
cava necessitated excision of a 5 em segment. The vena 
cava was reconstituted with an end-to-end anastomosis. 
The postoperative course was uneventful, and the patient 
is living and well eight months later. 


Involvement of Celiac Axis 
and Superior Mesenteric Artery 


Because of immediate proximity to the pancreas, the ce- 
liac axis and superior mesenteric artery, as well as the 
portal vein, often preclude an adequate en bloc pancreatic 
resection with removal of the regional lymph nodes. In- 
volvement of these vessels is traditionally regarded as a 
contraindication to resection. Table 3 records three pa- 
tients with advanced or recurrent pancreatic cancer for 
whom vascular involvement necessitated regional pan- 
createctomy. This included en bloc excision of portions of 
the celiac axis, superior mesenteric artery, and portal 
vein. Detailed descriptions of these procedures are re- 
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portec elsewhere.’ Arterial reconstruction for the hepatic 
and superior meseateric arteries utilized either direct 
reimp.antation into the side of the aorta of a Dacron pros- 
thetic graft. A numer ofcomplications were encountered 
in these three patients, including sepsis and alimentary 
and biliary fistula. One petient died in the early postoper- 
ative period of pulmonary edema, and at autopsy was 
found to have thrembosis.of the hepatic artery. The other 
two patients survived 4’ and seven months respectively, 
both dying from rezurrerce and metastases. 


Comment 


Application of mcdern vascular surgical techniques and 
physiclogic principles has obviated many previous limita- 
tions to surgical resection of cancer in the upper part of 
the abdomen. An ability to occlude the vena cava for pro- 
longed periods has greatly extended capabilities in deal- 
ing with tumors in the liver or retroperitoneal regions. 
The liver iso.ation and cdd perfusion technique’ permits 
contrelled reseetion to be carried out on previously nonre- 
sectable lesions. Removal of a segment of portal vein dur- 
ing pencreatectomy has proved to be easily accomplished 
with reconst:tution of spanchnic blood flow by a simple 
end-te-end anastomosis. It is only necessary to realize 
that the sma_] inteszine becomes a mobile autograft when 
the posterior mesenteric af is transected. Once the por- 
tal vein segment has been removed, the defect can be 
elosed readily by simply pushing the small intestine ceph- 
alad. This greatly expands the resectability of pancreatic 
eaneers, and hopefully wil improve the cure rate. 

Results frem excision ef a portion of portal vein with 
the extrahepatic bile ducts and hepatic lobe has proved un- 
satisfactory. Patierts sudjected to this procedure have 
shown a fatal bleeding Gathesis. Two of three patients 
were mtensely icteric at .ime of resection. It is not clear 
at this time how well a demaged liver will tolerate vascu- 
lar iselation and perfusion. A similar physiologic setting 
would appear to be preseat for the donor liver in hepatic 
transplantation. W2 have successfully transplanted the 
liver after as long as 5% hours of cold ischemia. The unsat- 
isfactory result in some of the patients in the present 
series could have been due tc poor perfusion of the liver as 
a result of pertal vein obstruction by tumor, or when only 
the hepatic artery was perused. Chilling of tissue was 
suboptimal im these circumstances. It seems likely, how- 
ever, that satisfactory chilling can be achieved by more 
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prolonged hepatic arterial and portal venous perfusion be- 
fore beginning the resection. Thermocouple monitoring of 
intrahepatic temperature could prove invaluable. Portal 
vein thrombosis after resection, occurring in one patient, 
should be avoidable. A portacaval shunt performed after 
portal vein and bile duct resection with extended right he- 
patic lobectomy in one patient proved unsatisfactory, 
probably because of inadequate blood supply to the resid- 
ual lateral segment of the left lobe. 

Results in treating the 17 patients in this series are en- 
couraging. No patients were lost on the operating table. 
Three died within 30 days after operation from complica- 
tions of their resection; two died in the period of 31 to 90 
days. Four patients died from disease within the first 
year, while eight are alive from four to 30 months (47%). 
This is remarkable since all had advanced cancer and had 
been deemed nonresectable on prior surgical exploration. 
Operative mortality and morbidity should improve as ex- 
perience is gained in case selection and improvements 
made in technical minutiae. With the advent of modern 
chemotherapy using newer and multiple agents, every ef- 
fort should be made to surgically eradicate gross cancer 
disease in order that these patients may have the best 
prospects of tumor control. 
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Discussion 


MarK Ravircu, MD, Pittsburgh: I yield to none in my admira- 
tion of the technical virtuosity that has allowed the completion of 
these feats of surgical gymnastics. They were very preperly intro- 
duced as a clinical investigation, and there may be some differ- 
ence of opinion in the audience as to whether the results should be 
considered encouraging or not. 

I think they represent the reductio ad absurdum of the idea that 
cancer is a surgical disease. There is no one in this room who be- 
lieves that. However, there is also no one in this room who does 
not know that surgical extirpation is the only thing we have for 
most types of cancer today. The pancreas patients have been pre- 
viously reported, and I think they are the extreme. The patients in 
whom the portal vein is merely divided to provide access to the tu- 
mor represent a very logical development. This is nevertheless an 
extraordinarily bold and imaginative approach. 
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Experimental Pancreatitis Treated With 


Glucagon or Lactated Ringer Solution 


Robert E. Condon, MD; James H. Woods, MD; Thomas L. Poulin, MD; William G. Wagner, MD; Christos A. Pissiotis, MD 


One hundred twenty dogs were allocated randomly to five models 
of experimental pancreatitis and further assorted randomly within 
each model to four treatment groups. Pancreatitis models included 
the obstructed duodenal loop preparation and pancreatic duct injec- 
tions of lactated Ringer solution or bile-trypsin solution at low or 
high pressures. Treatment groups were untreated controls; fluid-re- 
suscitated animals; glucagon-treated animals; and animals that re- 
ceived both glucagon and fluids. 

Survival was recorded exactly up to 72 hours, at which time sur- 
vivors were killed. Autopsy examinations recorded both gross and 
microscopic alterations in pancreatic structure. Glucagon treatment 
alone or in combination with volume resuscitation was not more effi- 
cacious than simple volume resuscitation in treatment of pan- 
creatitis. In mild to moderate pancreatitis, glucagon therapy was as- 
sociated with pancreatic hemorrhage not seen in either fluid- 
resuscitated or untreated control animals. 


ne pancreatitis entails a substantial mortality 
risk. Vigorous treatment with parenteral fluids is 
beneficial but, even with early, optimal fluid resuscitation, 
the mortality risk in severe, acute pancreatitis remains 
high. Glucagon administration has been proposed recently 
as adjunctive therapy of pancreatitis.'’ The rationale of 
glucagon treatment is that the hormone suppresses pan- 
creatic exocrine secretion? and increases splanchnic blood 
flow, both presumptively desirable effects in pancreatitis. 
Additionally, it has been reported that the initially high 
concentrations of blood glucagon found at the onset of 
pancreatitis®* later may fall when the patient’s clinical 
state worsens.* Such observations have led to a hypothesis 
that progression of acute pancreatitis and, particularly, 
development of clinically diagnosed hemorrhagic pan- 
creatitis, is due to relative hypoglucagonemia."' 

The experimental basis of the glucagonemic hypothesis 
is not extensive.’ Our previous studies* in a model of se- 
vere hemorrhagic pancreatitis failed to demonstrate im- 
provement in survival or any clearly beneficial metabolic 
or hemodynamic responses to glucagon. The present stud- 
ies were undertaken to determine the consequences of 
glucagon administration in a variety of models of acute 
pancreatitis, ranging from mildly edematous to severely 
hemorrhagic. In addition, we determined if adminis- 
tration of exogenous glucagon in conjunction with fluids 
would be of more benefit than fluid resuscitation alone. 
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Methods 


One hundred twenty laboratory-conditioned, healthy, mongrel 
dogs of both sexes weighing 12 to 20 kg were utilized. Animals 
were housed and managed in accordance with accepted standards. 
Random assignment of animals was made to one of five models of 
experimental pancreatitis and to one of four treatment groups; 
thus, 20 experimental subgroups of six dogs each were studied. 

The five models of pancreatitis were (1) pancreatic duct infusion 
of lactated Ringer solution at low pressure; (2) pancreatic duct in- 
fusion of bile-trypsin solution at low pressure; (3) pancreatic duct 
injection of lactated Ringer solution at high pressure; (4) pan- 
creatic duct injection of bile-trypsin at high pressure; and (5) the 
obstructed duodenal loop preparation.° 

Within each model, treatment groups consisted of (1) un- 
treated controls; (2) fluid-resuscitated animals that received lac- 
tated Ringer solution intravenously over a period of four hours 
beginning with induction of pancreatitis in a volume equal to 30% 
of estimated blood volume; (3) glucagon-treated animals that re- 
ceived 0.4 mg glucagon intravenously, simultaneously with induc- 
tion of pancreatitis, and this injection was repeated each two 
hours until a total of 1.2 mg glucagon had been administered; and 
(4) glucagon-treated and fluid-resuscitated animals that received 
both glucagon injection and lactated Ringer infusion intrave- 
nously in the doses and volumes indicated above. 

Surgical procedures randomly assigned to animals were per- 
formed in repetitive sequential order to minimize any effect of 
technical expertise gained during the full course of the experi- 
ments. All operations were performed using aseptic techniques. 
After the animals had been fasted 16 hours, intravenous anesthe- 
sia was induced with a barbiturate; repeated small injections were 
administered as needed to maintain anesthesia. Ventilation with 
room air was maintained with a mechanical respirator as needed. 

A large polyethylene cannula was placed in a foreleg vein for 
administration of fluids and glucagon. The duodenum and pan- 
creas were exposed through an upper abdominal incision. Ob- 
structed duodenal loop models were prepared with care to pre- 
serve the duodenal blood supply; the common bile duct was ligated 
and bowel continuity restored by a gastroduodenostomy. Pan- 
creatic duct infusion and injection models were prepared by iso- 
lating and cannulating the larger accessory pancreatic duct at the 
duodenopancreatic border with a fine polyethylene catheter. The 
smaller main pancreatic duct was then identified and ligated. 

Solutions infused or injected into the pancreatic duct were lac- 
tated Ringer solution (15 ml) or a solution of 5 ml fresh sterile ca- 
nine bile and 25,000 units of trypsin in 10 ml lactated Ringer solu- 
tion (total injected volume, 15 ml). Low-pressure infusions were 
made at a pressure of 40 cm H,O or less from an open reservoir, 
allowing whatever time was necessary for completion of the infu- 
sion. High-pressure injections used identical volumes (15 ml) of ei- 
ther lactated Ringer or bile-trypsin solution; injections were 
forcefully completed in less than a minute at pressures exceeding 
140 mm Hg. The pancreatic duct cannula then was removed and 
the duct again ligated. 

After initiation of pancreatitis, gross changes were observed 
for five minutes, after which the incision was covered with a saline 
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Table 1.—Low-Pressure Infusion of Lactated Ringer Solution 


Mean 
Treatment Survival, 
Group hr 


Untreated 72 
Lactated Ringer solution 72 
Glucagon 72 
Lactated Ringer solution 

and glucagon 72 


* Edema confined to pancreas. 





Pancreas 


Microscopic 


Edemat Hemorrhaget 
0 
0 


0 


0 


t Overall edema score obtasned by adding interlobular and intralobular scores. Interlobular: +, edema involving less than one acinat 
diameter; ++, edema involving contiguous or confluent areas of one to two acinar diameters; +++, edema involving more than two aci- 


mar diameters. !ntralobular edema: present, +; absent, O. 
+ Absent, 0. 


Table 2.—Low-Pressure Infusion of Bile-Trypsin 


Treatment 
Greup 


Untreated 
Lactated Ringer solution 
Glucagon 


Lactated Ringer soluzion 
and glucagon 





* Punctate or smal! pancreatic hemorrhages not exceeding 1.5 cm in diameter. 


t See corresponding footno® in Table 1. 
t Absent, O; present, +. 


Table 3.—High-Pressure Injection of Lactated Ringer Solution 


No. Mean 
Treatment of Survival, 
Group Animals hr 


Untreated 62 
Lactated Ringer solution 72 
Glucagon 72 


Lactated Ringer solution 
and glucagon 72 





Pancreas 
Microscopic 
Gross 


Appearance* Edemat Hemorrhaget 
++ 0 


a 0 
= = 
-+ + 


* Ecema also involving retroperitoneal tissues but with no hemorrhage. 


t See corresponding footnote in Table 1. 
+ Absent, 0; present. +. 


pack and a dry towel. Direct »bservations of the pancreas were re- 
peated hourly for four hours. The abdominal incision then was su- 
tured and dressed, anesthesia was terminated, and the animal 
was placed in a cage for posteperative care. Water was offered im- 
mediately, anc a liquid diet dlowed the next day. All animals sur- 
viving 72 hours were killed. 

Animals were observed frequently and survival time calculated 
exactly using body tempereture data. Animals surviving three 
days were considered permanent survivors and were killed. Max- 
imal survival in these exper-ments, then, was 72 hours. 

An autopsy of each anima. was performed. In addition to gross 
observations, tistoleg:c sections were prepared of representative 
pancreatic tissue. Gross alterations in pancreatic morphology 
were recorded as: edema corfined to the pancreas, +; edema also 
involving retroperitoneal tissues but with no hemorrhage, + +; 
punctate or small pancreatic hemorrhages not exceeding 1.5 cm in 
diameter, +++; more extensive, confluent pancreatic hem- 
orrhage, +++ +. 

Interlobular edema notec on microscopic examination of the 
pancreas was recorded usima the diameter of adjacent acini for 
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reference, as follows: edema involving less than one acinar diame- 
ter, +; edema involving contiguous or confluent areas of one to two 
acinar diameters, + +; edema involving more than two acinar 
diameters, +++. 

Intralobular edema was graded as absent (0) or present (+), 
and an overall edema score was obtained by adding interlobular 
and intralobular scores. Interlobular hemorrhage was recorded as 
absent (0) or present (+). The gross and microscopic morphology 
data recorded in Tables 1 to 5 represent the group median score 
for each item. 

Differences in survival between treatment groups within each 
model of pancreatitis were tested for significance by the unpaired 
t test. 

Results 


Low-Pressure Infusion Lactated Ringer Solution.—The 
data are recorded in Table 1. Minimal edematous pan- 
creatitis was produced and all animals, including the un- 
treated controls, survived. There were no discernible dif- 
ferences between treatment groups. 
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No. Mean 


Treatment of Survival, 
Group Animals hr 
Untreated 6 34 
Lactated Ringer solution 6 97 
Glucagon 6 40 


Lactated Ringer solution 
and glucagon 






45 





* More extensive, confluent pancreatic hemorrhage. 
t See corresponding footnote in Table 1. 
ł Present, +. 


Table 4.—Low-Pressure Injection of Bile-Trypsin 














Microscopic 
Gross 
Appearance* Edemat Hemorrhaget 
+--+ HHH + 
+4+++ ++++ + 
+44 +++ + 
++++ +++ + 


Table 5.—Obstructed Duodenal Loop 


No. Mean 
Treatment of 
Group Animals hr 


Untreated 21 
Lactated Ringer solution 42 
Glucagon 26 
Lactated Ringer solution 

and glucagon 44 


* More extensive, confluent pancreatic hemorrhage. 
t See corresponding footnote in Table 1. 
ł Present, +. 


Low-Pressure Infusion Bile-Trypsin—The data are 
recorded in Table 2. Moderate to marked edematous pan- 
creatitis with focal hemorrhages resulted in this model. 
Untreated control and Ringer lactate treated animals all 
survived the maximal 72 hours. Two of six dogs treated 
with glucagon died at 18 and 24 hours; one of six dogs 
treated with glucagon in addition to fluids died at 50 
hours. Animals receiving glucagon with or without fluids 
were noted microscopically to have interstitial hemor- 
rhage, while animals that did not receive glucagon had 
only edema of the pancreas. 

High-Pressure Injection Lactated Ringer Solution.—The 
data are recorded in Table 3. Mild to moderate edematous 
pancreatitis was produced in this model. Two of six un- 
treated control dogs died at 21 and 63 hours. All dogs that 
received any treatment survived. Glucagon adminis- 
tration with or without fluids was associated with inter- 
stitial pancreatic hemorrhage. 

High-Pressure Injection Bile-Trypsin—The data are 
recorded in Table 4. Severe hemorrhagic pancreatitis was 
associated with mortality in all treatment groups. Sur- 
vival was improved by any form of treatment, but was in- 
creased significantly (P<.05) only by fluid resuscitation 
with lactated Ringer solution. No differences in the degree 
of gross or microscopic pancreatitis were discernible be- 
tween treatment groups. 

Obstructed Duodenal Loop Preparation.—The data are 
recorded in Table 5. Severe hemorrhagic pancreatitis and 
dilation of the pancreatic duct were produced in this 
model. The most severe degree of pancreatitis observed 
was comparable grossly to that seen after high-pressure 
injection of bile-trypsin. Microscopic edema in the pan- 
creas was somewhat less marked in glucagon-treated ani- 
mals. Early mortality occurred in all treatment groups. 
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Pancreas 
Microscopic 
Edemat Hemorrhaget 
Teer T 
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Rupture of the obstructed duodenal loop occurred in 11 of 
24 dogs and accounts in part for the mortality experienced 
with this preparation. Dogs receiving any form of treat- 
ment showed an increased mean survival compared with 
untreated controls. The increase in survival was signifi- 
cant (P<.05) only for animals receiving fluid volume re- 
suscitation with or without glucagon. Although micro- 
scopic examination of the pancreas demonstrated less 
edema in glucagon-treated animals, this observation was 
not correlated with improved survival. 

Among the five models of pancreatitis, the most severe 
necrosis and hemorrhage were produced consistently by 
injection of bile-trypsin at high pressure (Table 4). Severe 
pancreatitis also resulted in obstructed duodenal loop ani- 
mals, although not as consistently (Table 5). Infusion of 
bile-trypsin at low pressure (Table 2) produced pan- 
creatitis of intermediate severity characterized by both 
edema and focal hemorrhages, but without extensive ne- 
crosis. Injection of lactated Ringer solution at high pres- 
sure (Table 3) produced edematous pancreatitis without 
hemorrhage, but, infused at low pressure (Table 1), lac- 
tated Ringer solution resulted in only the most minimal 
pancreatic edema. 


Comment 


The hypothesis that glucagon retards progression of 
pancreatitis is based on the following observations. Gluca- 
gon suppresses gastric secretion™®™ and protects against 
development of experimental peptic ulcers"; decreases 
motility of the stomach, duodenum, and upper part of the 
small bowel“; decreases volume, flow rate, and enzyme 
concentration of pancreatic secretion*:'*; and increases 
splanchnic blood flow by both decreasing splanchnic resist- 
ance and increasing cardiac output.*'* The blood concen- 


Experimental Pancreatitis/Condon et al 


tration of glucagon is elevated in acute pancreatitis’ but 
may be decreased in hemorrhagic pancreatitis.’ 

Knight and colleagues?” have suggested that the ele- 
vation of blood glucagon noted in acute pancreatitis is a 
protective mechanism and that failure of continued secre- 
tion of glucagon by insulzed pancreatic alpha cells permits 
progression of edematous to hemorrhagic pancreatitis. 
This hypothesis was tested in six dogs (three controls, 
three treated), eack prepared with an obstructed duodenal 
loop.? Glucagon therapy increased mean survival from 13 
hours (controls) to 21 hoars (treated). Glucagon then was 
administered to 30 patients with various degrees of pan- 
creatitis.° The mortality in treated patients was 7%, 
whereas the expected mortality was thought to be three 
times higher. 

Elevation of blocd glueagon concentration is found in a 
variety of stress states, ineluding trauma,"* burns,” sep- 
sis and uncontrolled diabetes." Stress hypergluca- 
gonemia is mediated both by increased circulating 
cortisols”® and by beta-adrenergic stimulation of pan- 
creatic alpha cells. Since the response of the body to 
pancreatitis also involves these mechanisms, it is probable 
that the inereased blood glucagon levels noted in acute 
pancreatitis represent a nonspecific response to stress 
rather than a specific organ response to the pancreatic 
insult. 

Cirrhotic patients have chronically elevated blood gluca- 
gon levels, but do net seem to be protected thereby 
from developing pancreatitis. Occasionally, patients with 
uncontrolled diabetes end hyperlipemia develop acute 
pancreatitis; the elevated olood glucagon levels presum- 
ably present in such patients do not appear to be effective 
in prevention of pancreatitis. 

Because of the vagaries of clinical and experimental 
pancreatitis and lack of correlation of severity of the dis- 
ease with biochemical indexes, the most reliable mea- 
sure of efficacy of any treatment of severe pancreatitis is 
a significant decrease in mortality under controlled condi- 
tions. In the experiments we report, no such effect of 
glucagon was noted. We also concluded on the basis of 
previous experiments" that glucagon was not effective, but 
theoretical objections te those experiments were raised 
that the degree of induced pancreatitis was too severe and 
that the results may have been influenced by bacterial 
contamination of the incubated blood-bile-trypsin mixture 
used to induce pancreatitis. The present experiments 
overcome these objections, since they include models with 
no bacterial contamination and a wide spectrum of sever- 
ity of panereatitis. Glueagon had no beneficial effect in 
any of the models of experimental pancreatitis studied. 

Could the lack cf glueagon effect have been due to an 
inadequate dose cf the hormone? Our animals received 
15ug/kg/hr to 30ug/kg/hr of glucagon during the initial 
four hours after -nduction of pancreatitis. The rate of 
glucagon adminiscration in the experiments of Knight 
and colleagaes*® cre estimated to be of the same order of 
magnitude in animals; ia man, smaller doses per kilogram 
body weight are estimated to have been administered. 
The rate of glucagon acministration, then, in our experi- 
ments is the same or higher than that attained by the 
proponents of the glucagen hypothesis. The duration of 
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drug treatment, however, is shorter in our experiments 
and might be responsible for failure to discern a drug 
effect. 

In other experiments,” we studied the effects of vaso- 
pressin injection, a splanchnic vasoconstrictor, on the mor- 
tality of hemorrhagic pancreatitis. Vasopressin therapy 
was associated with significantly improved survival of 
treated animals due in part to preferential diversion to 
the pancreas of blood flow in the constricted splanchnic 
circulation. Glucagon acts as a general vasodilator in the 
splanchnic bed, an effect opposite to that of vasopressin. 
What effect does this have on the pancreas? Our finding of 
interstitial pancreatic hemorrhage in glucagon-treated 
animals having mild pancreatitis, a finding never seen in 
comparable dogs not receiving glucagon, suggests that 
the local effect of glucagon may be deleterious in pan- 
creatitis and might make the disease worse rather than 
better. 

Our present experiments also provide collateral infor- 
mation comparing various models of experimental pan- 
creatitis under controlled conditions. In experimental 
models of pancreatitis, the two major objectives to be 
achieved are induction of a state that closely mimics the 
morphology of clinical pancreatitis and production of 
physiologic and biochemical effects that also closely mimic 
the clinical consequences of pancreatitis. It is not essential 
that the technical method of inducing pancreatitis con- 
form to one or another theory of the cause of pancreatitis. 

Infusion of lactated Ringer solution under a pressure 
that did not exceed normal maximal pancreatic duct pres- 
sures (Table 1) was quite innocuous. This finding supports 
and extends the observations of Schiller and colleagues,” 
who noted that 0.1 M ammonium bicarbonate buffer, an- 
other innocuous solution, could be infused in large volumes 
at normal pressures without inducing pancreatic edema. 

Injection of lactated Ringer solution at pressures high 
enough to insure rupture of pancreatic ductules (Table 3) 
resulted in edematous pancreatitis without any evidence 
of interstitial hemorrhage. Pancreatic edema persisted up 
to 72 hours and, without treatment, one of six animals 
died. 

Addition of bile and trypsin to the solution infused into 
the pancreatic duct caused obvious tissue necrosis and 
hemorrhage. When the bile-trypsin solution was infused 
under low pressure (Table 2), severe pancreatic edema and 
focal hemorrhages appeared. This model seems to mimic 
well the morphologic findings of severe but nonfatal clini- 
cal pancreatitis. If a reliable indicator of efficacy more 
sensitive than gross mortality data could be developed, 
this model would be most useful in evaluating therapy of 
pancreatitis. 

Injection of a bile-trypsin solution under pressure high 
enough to rupture ducts (Table 4) produces prompt dis- 
semination of the injected mixture through the pancreatic 
parenchyma and early appearance of extensive necrosis 
and hemorrhage. In previous experiments,** we have 
demonstrated that the physiologic and biochemical altera- 
tions induced are the same as those seen in severe hemor- 
rhagic pancreatitis in patients. This model carries, in un- 
treated animals, a mortality risk of about 80%. Fluid 
resuscitation significantly improves survival, evidence 
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that the degree of pancreatitis is not so severe as to cloud 
discernment of effective treatment. This model, in our 
opinion, is the best experimental mimic of clinical acute 
hemorrhagic pancreatitis. 

Animals with an obstructed duodenal loop (Table 5) also 
developed severe hemorrhagic pancreatitis, although pan- 
creatic involvement was less uniform than in the high- 
pressure bile-trypsin injection model. Two factors account 
for this variation. First, pancreatitis does not begin until 
pressure within the obstructed duodenal loop exceeds pan- 
creatic duct pressure and regurgitation of duodenal con- 
tent occurs; this process takes a variable period of time. 
Second, rupture of the obstructed duodenal loop occurs in 
a large proportion of animals, halting progression of the 
pancreatitis, but also resulting directly in peritonitis and 
death. In addition, this model produces great dilation of 
the pancreatic ducts without any intrinsic obstruction, a 
pattern not seen in clinical pancreatitis. For these rea- 
sons, we believe that the obstructed duodenal loop model 
is not the best mimic of clinical pancreatitis. 
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Discussion 


RoBert J. BAKER, MD, Chicago: Dr. Condon and his group are to 
be congratulated for bringing into focus again an issue that has 
been raised numerous times in the past; namely, is it really desir- 
able, in the management of acute pancreatitis, to diminish exo- 
crine pancreatic secretion? 

Some years ago, we were fortunate enough to encounter four 
patients with pancreatic trauma who developed major postopera- 
tive pancreatic fistulas. Daily fistula secretional volumes were es- 
tablished, and glucagon was then administered intravenously. The 
dose was 40ug/kg over a three-hour infusion period. Each patient 
received roughly twice as much glucagon as the dogs used in the 
study by Dr. Condon. In the human, this caused a marked fall in 
fistula flow to about 10% of baseline level. 

At the time of infusion, the blood glucose level did not exceed 
200 mg/100 ml, so the result was not caused by a marked rise in 
blood glucose. After returning to baseline levels, the infusion of 
glucagon was repeated in the afternoon with an identical re- 
sponse. 

There does not seem to be any question, in our and other stud- 
ies, that glucagon does diminish exocrine pancreatic secretion in- 
dependent of its effect on blood glucose. However, I would like to 
ask the authors whether they considered the cardiovascular ef- 
fects of glucagon in their experimental model. Glucagon has a 
profound effect by increasing cardiac output, diminishing periph- 
eral resistance, and increasing perfusion of tissues. It may well be 
that dogs subjected to this type of experimental pancreatitis ex- 
perience a further insult when marked increase in vascularity of 
the damaged pancreas occurs. This is especially true when one 
considers the very large doses of glucagon administered to these 
animals. 

One of the other problems inherent in such a study is that the 
infusion pressures used are nothing like those in the human pan- 
creatobiliary apparatus, and this is one of the inherent pitfalls in 
comparing human and experimental canine pancreatitis. Were 
blood glucose levels measured to ascertain whether this was analo- 
gous to the human, since their dose of the drug was very high? 
Further, were any cardiodynamic studies done to document that 
effect? 

Dr. Woops: Thank you, Dr. Baker, for your encouraging com- 
ments. We did very definitely consider the fact that glucagon de- 
creases pancreatic exocrine secretion, and your work was cer- 
tainly a benefit in our study. 

Dr. Condon’s previous work alludes to the cardiovascular effect 
of glucagon. In this experiment, however, we did not do anything 
specific to monitor cardiovascular effects. I would say one thing 
along this line, however. This may account for the increased mi- 
croscopic pancreatic hemorrhage that we did see. 

As to your second question, we did initially set out to monitor 
blood glucose levels. This was done very carefully. We found ex- 
tremely high blood glucose levels that did not correlate with the 
severity of pancreatitis or with the onset of glucagon adminis- 
tration, per se. 
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Antibacterial Vascular Grafts 
With Improved Thromboresistance 


Richard E. Clark, MD, Hary W. Margraf, DSc 


A variety of chemical treatments were applied to standard clinical 
nonvelour and new velour polyester vascular grafts. Silver-allantoin- 
heparin (SAH) complex treatment inhibited four species of bacterial 
growth in vitro, and siznificaatly protected the graft from bacteremia 
of 50,000 Staphyloceccus aureus in vivo. At six to eight months, 
superior vena caval replacement in 62 dogs demonstrated a nonve- 
lourcontro! patency rate of 67% (ten of 15) and 93% (14 of 15) for 
similar grafts treated with SAH. The most compliant grafts with the 
thinnest outer capsules and pseudointimas at six to eight months 
were those treated w th SAH. It is concluded that standard clinical 
polyester grafts treated with the SAH complex have a bacteriostatic 
surface both in vitro and in vivo. Additionally, such treatment is not 
thrombogenic and yields a “‘avorable long-term tissue response to 
prosthesis. 


— as work by others in this laboratory had demon- 
strated that ionic slver or silver complex compounds 
were bacteriostatic in lew concentrations and were bacte- 
riocidal in higher zoncentrations. After the initial success 
with silver nitrate as a treatment for burns,' further work 
led to the use of silver complex compounds; silver-allan- 
toin and silver-zinc-allaatoin. These compounds affect bac- 
teria by a slow release bf ionic silver in neutral to mildly 
alkaline aqueous envirenments. The effectiveness of such 
compounds in burns has been reported,’ as has the effect 
of silver complex 2oating= of various sutures.’ In these lat- 
ter studies, 5% and 50% aqueous silver nitrate solutions 
were not effective in rendering catgut, polyester, or silk 
suture materials bacterocidal or bacteriostatic. However, 
when the same materials were treated with a silver-zinc- 
allantoin complex, silk and polyester sutures showed bac- 
tenial reductions of 88.2% and 99.0%, respectively, for 
Staphylococcus aureus. This treatment was also effec- 
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tive against Gram-negative organisms, and silk sutures 
treated with silver complex yielded a 99.9% reduction in 
Pseudomonas aeruginosa. 

Studies were then initiated to couple heparin into the 
silver-allantoin and silver-zinc-allantoin complexes. Vari- 
ous polyester materials were treated and tested for anti- 
bacterial and thromboresistant properties. This is a report 
of the findings. 


Materials and Methods 


Antibacterial in Vitro Studies.—Half of each of the 12 mm diame- 
ter, woven, polyester arterial grafts were treated with silver-al- 
lantoin-heparin (SAH) complex. The air-dried prosthesis was then 
cut into 2.5-em lengths to be used in the canine in vivo and the in 
vitro bacterial studies. The untreated half of the graft was cut 
into similar lengths at the same time. Each graft segment was 
bagged, labeled, and gas sterilized. Each was allowed to degas at 
one week at 20 C. Four test organisms were used: (1) S aureus, (2) 
Escherichia coli, (3) Proteus mirabilis, and (4) Pseudomonas. The 
first two organisms were isolated from hospital personnel, and the 
second two were obtained from patients in the Burn Unit of 
Barnes Hospital. Tubes of 50 ml of tryptic soy broth were innocu- 
lated with a pure culture of each test organism from a sterile 
needle tip. Each concentration of bacteria was then serially di- 
luted. The prosthetic material was immersed in the second culture, 
removed, and excess liquid expressed. The segment was stored 
overnight at 4 C in a sterile Petri dish containing sterile, saline- 
moistened filter paper. Ten-fold dilutions of the starting culture 
were immediately performed. After 24 hours, the prosthetic mate- 
rials were added to the flasks containing 50 ml of tryptic soy broth 
and 5 ml of blood. Ten-fold dilutions were immediately performed, 
and the tubes and flasks were incubated at 37 C. The dilutions ob- 
tained were extremely low, such that the control studies (six of 
eight) failed to show any growth. Therefore, the studies were re- 
peated using higher concentrations of the same baeteria with the 
identical method. The purpose of these experiments was to test 
the hypothesis that the polyester vascular prosthesis treated with 
the SAH complex gave bacteriostatic properties te the polyester 
material. 

Antibacterial in Vivo Studies.—Twelve mongrel dogs weighing ap- 
proximately 20 kg were anesthetized with pentobarbital (Nembu- 
tal) sodium, placed on a ventilator, and underwent a right-sided 
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Table 1.—Effect of SAH Treatment of Polyester Vascular Prosthesis on Bacterial Growth 





Growth in Flasks 

















one Count on Plates 24 hr 48 hr 
: o m mmama ma 
Organism Inoculum Untreated Treated Untreated Treated Untreated Treated 
S aureus 2 X 103 14 0 + 0 + + 
E coli 3.4 X 103 10 0 + + 0 
P mirabilis 5.2 X 103 16 (0) “+ + 0 
Pseudomonas 1.1 X 105 48 0 + + + 









Table 2.—1In Vivo Antibacterial Effect of SAH-Treated SVC Graft One Week After 50,000 S aureus Inoculum 






No. Bacteria per Milliliter 











Group 4hr 24 hr Species of Bacteria 
Control . 
1782 22 4.7 X 103 S aureus + gamma Streptococcus 
1789 12 3.2 X 104 S aureus + alpha Streptococcus 
1799 20 6.4 X 105 S aureus + gamma Streptococcus 
1802 18 1.8 X 104 S aureus + gamma Streptococcus 
1803 17 3.9 X 105 S aureus + gamma Streptococcus 
Treated 





1804 






Table 3.—Results of SVC Replacement 











Surface No. of No. Patent No. Patent Long-Term 
Coating Dogs at 4 to 8 weeks at 6 to 8 mo Patency, % 
Polyester control (C) 9 6 6 67 
C + Wakabayashi coating 7 4 4 57 
C + Silver-zinc-allantoin 8 7 7 88 
C+SAH - - 7 6 6 86 
Polyester + polyester velour 3 1 1 33 
Polyester velour + SAH 4 1 1 25 
Polyester velour + Goodyear 
Bioelectric 5 2 
Polyester velour + Goodyear 






Bioelectric + SAH 





Method for bacterial contamination of superior vena cava (SVC) 
polyester prosthesis four to six weeks after operation; 50,000 S 
aureus in 7 ml injected in three seconds. 





Table 4.—Influence of Silver Complex Graft Treatment 
on Patency of SVC Replacements 










No. of No. 
Dogs Patent Patency, % 


Polyester control 15 10 67 
Silver-treated grafts 23 21 91 
SAH grafts 
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Table 5.— Change in Graft Dimension Over Four- to Seven-Month Interval 


% Change in Study Interval (4 to 7 mo) 
Anastomoses 


Inferior 


Control (C) +19 
C + Wakabayashi coating 

C +silver-zinc-allantdin 

C + SAH 

Polyester velour 

Polyester velour + SAH 

Polvester velour + Goodyear Bioelectric 

Polyester velour + Goodyeer B oelectric + SAH 


| Table 6.—Characteristics of SVC Grafts at Harvest 
No 


Average 
Average Outer 


A Stiffness Neointima 
SVC Graft Type of Dogs Score* Capsule Thickness, mm Thickness, x 








(e2) 






p 






f= 






Ww 






D 





uo 








Polyester velour + Goodyear Bioelectric 
+ SAH 5 





thoracotomy under sterile cenditions. A 2.5-cm portion of the su- 
perior vena cava (SVE) was replaced as described below, and the 
chest was closed without drainage. Six weeks following SVC re- 
placement, the animals were again anesthetized with intrave- 
nously administered pentobarbital and placed in the right lateral 
decubitous position on a roentgenographic table. A cutdown over 
the external jugular vein was verformed under sterile conditions 
and a polyethylene (PE 19) catheter inserted 6 to 8 em proxi- 
mally. Angiography of the SVC was carried out. If patency was 
compete without substantial narrowing, the catheter was care- 
fully rinsed with buffered serile saline and 50,000 S aureus coag- 
ulase-pesitive in 7 ml were mjected in three seconds (Figure). The 
animal received no antibiotics. The catheter was withdrawn, the 
proximal portien of the vein was ligated, and the wound was 
closed in layers. One week following the iatrogenic bacteremia, 
the dog was again anesthe ized with intravenously administered 
pentebarbital, placed on a ventilator, and a second right-sided tho- 
racotomy was performed uader sterile conditions. The graft was 
disseeted and clamps were placed at the superior apex of the right 
atrium and at the junction of innominate veins. The entire pros- 
thesis with adjacent segments of SVC and right atrium was ex- 
cised. A portion of the graft was immediately placed in culture 
media and specimens were taken for standard histopathological 
studies and scanning electren microscopy. The animal was killed. 
Thromboresistanece Studie.—Sixty-two mongrel dogs weighing 
20 to 25 kg underwent righz-sided thoracotomy under sterile con- 
ditions with intravenously administered pentobarbital anesthesia 
and a ventilater. The pericardium was opened vertically and cut 
away from its junction wih the SVC, and the entire SVC was 
freed from the surrounding mediastinal tissue. Care was taken to 
preserve both the vegus and phrenic nerves. The previously pre- 
pared control and treated grafts, 12 mm in diameter and 25 mm in 
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length, were used for replacement of the SVC. Important aspects 
of the technique were (1) the selection of an animal such that the 
graft was 1 to 3 mm greater in diameter than the SVC, (2) the 
atrial end of the graft was beveled at approximately a 30° angle 
for a larger orifice opening, (8) 6-0 polyester suture was utilized, 
(4) extreme care was taken not to touch the endocardium of the 
right atrium or the intima of the SVC with forceps, and (5) ex- 
treme care was paid to the tension placed on the continuous suture 
so that there was no purse-string effect. No anticoagulants were 
given at any time. The chest was closed in standard manner with- 
out drainage, and the animals received procaine penicillin and 
streptomycin for five days postoperatively. All animals had supe- 
rior vena caval angiography at four to eight weeks following their 
initial procedure, and those dogs with open grafts were placed in 
an outside kennel in individual runs for a period of six to eight 
months. All were restudied with angiography prior to killing. The 
two sets of angiograms for each dog were compared for the 
diameters of the superior and inferior anastomosis and the mid- 
section of the graft. At the time of killing, each specimen was ex- 
amined with respect to stiffness, external capsule thickness, and 
average neointima thickness. Stiffness grading was performed by 
a standard deformation of the graft to a right angle, the force 
being judged manually. 


Results 


Antibacterial Effects.—The results of the in vitro testing 
(Table 1) against concentrations of bacteria ranging from 
2x 10° to 1.1 x 10° showed that all untreated control grafts 
had significant bacterial counts after plating at 24 hours 
and all had growth at 24 and 48 hours in the tryptic soy 
broth. In contrast, none of the treated grafts had growth 
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on the plate or in the broth at 24 hours. Treated specimens 
tested against S aureus and Pseudomonas organisms 
showed mild growth after 48 hours. 

The in vivo studies are summarized in Table 2. The five 
dogs with control grafts had culturable bacteria at four 
hours and had high concentrations at 24 hours ranging 
from 4.7 x 10° to 6.4x 10° organisms per milliliter. The spe- 
cies cultured were predominantly S aureus coagulase-pos- 
itive but also included alpha and gamma Streptococcus. 
The course of streptococci was not determined. In con- 


_ trast, seven treated grafts had no growth at four hours 


and only one had 156 bacteria per milliliter after 24 hours 
of incubation. 

_ Thromboresistant Studies.—A wide variety of treatments 
to two types of polyester vascular grafts were performed 
and inserted into 48 dogs in the initial series. The results 
are summarized in Table 3. An unusually high patency 
rate for the polyester control grafts of 67% was found. The 
only substantial improvement in patency rate over con- 
trols were with those polyester grafts that were treated 
with either silver-zinc-allantoin complex or SAH complex. 
A second series of 14 dogs had SVC replacements with six 
control and eight SAH grafts. All animals in the second 
series were killed at six weeks because the first series 
Showed that no nonvelour graft open at four to eight 
weeks closed thereafter. The combined series for SAH 
showed a patency rate of 93% (14 of 15) and a 91% rate (21 
of 23) for the silver-treated grafts (Table 4). The control 
patency rate for both series was ten of 15 or 67%. The al- 
teration of graft diameters over a four to seven-month pe- 
riod is illustrated in Table 5. The greatest changes ob- 
served were in the polyester velour grafts, which were 
extremely narrow at the four to eight-week period and 
markedly improved in patency diameter with time. The 
alterations in stiffness, capsule thickness, and neointima 
thickness at harvest are summarized in Table 6. These 
data demonstrated that the silver-treated grafts had the 
thinnest neointima and were less stiff than other grafts 
six to eight months after insertion. 


Comment 


The control polyester vascular prostheses were crimped, 
12-mm diameter, 25-mm long, woven, low porosity clinical 
grafts. These had a surprisingly high patency rate of 67% 
with the surgical technique used. No prosthesis of this 
type lost patency if open at the four- to 8-week interval as 
determined by SVC angiography. The coating devised by 
Wakabayashi et al‘ (polyvinyl chloride, polyurethane, 
graphite, tetrahydrofuron) gave a substantially lower pa- 
tency rate. Silver complexes were used in this study be- 
cause of their previously demonstrated bacteriostatic 
properties. The presence of heparin did not appear to alter 
the results in a statistically significant manner. The pres- 
ence of a 400u to 500u velour significantly decreased the 
patency rate, and this notable lack of success was unaf- 
fected by any coating used. This would indicate that the 
physical characteristics and surface geometry of the pros- 
thesis were of far greater importance with respect to 
thrombosis than any thromboresistant effects imparted by 
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chemical treatments. 

The long-term observations are of importance. The su- 
perior vena caval anastomoses consistently measured 8 to 
9 mm in diameter at four to eight weeks, and changed 
little over the four- to seven-month interval for nonvelour 
grafts. The marked increases in diameters of the one con- 
trol velour graft were caused by probable resolution of 
thrombus. The most marked anastomotic changes were at 
the prosthesis-atrial junction. All grafts except one (poly- 
ester velour +SAH) increased in size when measured by 
angiography. Again, resolution of thrombus is the most 
plausible explanation. The evaluation of the tissue reac- 
tivity demonstrated large differences between prostheses. 
The grafts with the least stiffness were those obtained 
with the SAH treatment. These were approximately twice 
as compliant as the controls, reflecting the thinness of the 
outer and inner linings. The velour grafts had twice as 
thick an outer capsule as the nonvelour grafts. The nonve- 
lour prostheses treated with the silver complex had the 
thinnest outer capsule (average, 2.5 + 0.3 mm) and a thin 
pseudointima (5004) that was smooth and glistening. 
These studies support the hypothesis that the silver com- 
plex may have a beneficial effect on the vascular reactivity 
to polyester vascular prostheses. 

The antibacterial effect of silver complex treatment to 
polyester grafts is the result of a slow release of the silver 
ion. Unknown are the equilibrium constants and the dura- 
tion of the process. The prosthesis develops a pseudomem- 
braneous coating six weeks after implantation and is not 
covered completely with a smooth endothelial lining. Ionic 
silver is quickly bound to protein and chloride and seem- 
ingly would not be available for antibacterial action as 
a free ion. Additionally, with the fibrinous membrane 
formed, it is difficult to imagine that ionic silver would dif- 
fuse across this proteinaceous barrier. 

Of more immediate importance is the protection that 
such coating provides at the time of surgery as opposed to 
the long-term prospect. Most superficial and deep wound 
and prosthesis infections can be traced to contamination 
at the time of surgery. Consequently, it is the immediate 
protection against a contaminated prosthesis that seems 
of importance. Further studies have been undertaken in 
an attempt to ascertain the longevity of the ionic complex 
in vascular prostheses and the rate of elution of silver and 
heparin from this system. 


This investigation was supported in part by Public Health Service grant 
HL-13803. 
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Quantitation of Fibrinolytic Activity in 
Venous ard Prosthetic Arterial Grafts 


James 5. T. Yao, MD, PhD; «ohn J. Bergan, MD; Hau C. Kwaan, MD 


Fifty-six fresh specimens memoved during vascular operations 
were examined histochemically to determine tissue fibrinolytic activ- 
ity in the endothelium and adventitia. Prosthetic grafts, saphenous 
vein grafts, saphenous and vancose veins, and atheromatous femor- 
opopliteal arteries were studied with the following results: (1) Nor- 
mal vein walls (adventitia) we»e rich in plasminogen activator with 
minima’ fibrino'ytic activity im the endothelium. Fibrotic varicose 
veins showed reduced lysis ac‘ivity in the adventitia. (2) There was 
no fibrinolytic activity in the nesintima of all prosthetic materials, ex- 
cept where there was capillary loop formation. (3) Lysis was not 
present in.any of the occluded saphenous vein grafts. (4) Fibrinolytic 
activity was reduced in atheromatous arteries, except in the area ad- 
jacentite fibrin plaques. We conclude that plasminogen activator is of 
vascular origin; that its activity is dynamic; and that absence of fi- 
brinolytic activity may be an important contributing factor in graft 
failures. 


Where there is a full vower of life the vessels are capable of keep- 
ing the blood in fluid state. 
JOHN HUNTER, 1812’ 


mic equilibrium exists in blood vessels. This 
. creates £ balanee between continual fibrin deposition 
and dissolution. Under phrsiologic conditions, the process 
is neither tipped toward coagulation nor toward fibri- 
nolysis. Thus, fluidity is maintained in the many ram- 
ifications of the vascular system. Astrup? suggested in 
1956 that coagulation and abrinolysis were normal contin- 
uous physiologie phenomera occurring on the intimal sur- 
face of blood vessel walls. Using “fibrinolysis autog- 
raphy,” Todd later was the first to show that walls of 
blood vessels contain a fiorinolytic enzyme activator of 
plasminogen. Now it is known that small vessels display 
more activator than large vessels and veins contain more 
than arteries. Recently, it has become apparent that the 
fibrinolytic system plays an important role in the patho- 
genesis of arterial and veneus thrombosis.*** Measurement 
of fibrinolytic activity in she circulating blood or tissue 
has provided useful information in understanding mecha- 
nisms ef thromboembolism and thrombolysis. 
Autogenous veins and prosthetic grafts are necessary 
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components of reconstructive arterial surgery. Multiple 
elements may contribute to occlusion of such grafts, and 
the surgical technical and patient factors have received 
appropriate study. Realizing that defective fibrinolytic ac- 
tivity might substantially contribute to graft failure, this 
study was undertaken to examine local fibrinolytic activ- 
ity of vessel walls in an attempt to understand better the 
pathogenesis of graft failures. 


Materials and Methods 


Specimens were removed aseptically during arterial and venous 
surgery. Fifty-six segments of vessel were obtained using 
atraumatic dissection to avoid damage. These included 18 normal 
saphenous veins, 12 varicose veins, four failed saphenous vein 
grafts, neointima from five occluded and five patent woven Dac- 
ron grafts, two bovine grafts, and ten atheromatous femo- 
ropopliteal arteries. 

All specimens were immediately immersed in iced saline and 
examined in the Hematological Research Laboratory at the VA 
Research Hospital. Fibrinolytic activity was identified by the 
modified histochemical method of Todd as described by Kwaan 
and Astrup. Briefly, this technique consisted of placing freshly 
frozen sections of tissue samples, cut at 6, on microscope slides 
covered with an 0.06-mm layer of plasminogen-rich bovine fibrin. 
The slides were incubated in a moist chamber at 37 C for periods 
of 10, 20, 30, and 45 minutes. Following fixation in 10% formalde- 
hyde, the sections were studied with Harris alum hematoxylin. 
Fibrinolytic activity was indicated by clear zones of lysis (Fig 1) 
surrounded by dark-stained fibrin. Three grades of focal fibri- 
nolysis time were recognized: grade 1, presence of clear zone in 
first ten to 20 minutes of incubation; grade 2, presence of clear 
zone in 30 to 45 minutes of incubation; and grade 3, failure to visu- 
alize any unstained area during the entire incubation period. The 
results of microscopic study are tabulated in Tables 1 and 2. 


Results 


Dacron Grafts.—Five occluded Dacron grafts removed 
during amputation or at reoperation were examined. No 
fibrinolytic activity was found in any of the specimens 
(Fig 2). Layers of fibrin and platelet deposition were seen 
in all specimens examined. Neointima removed from pre- 
viously implanted, patent aortofemoral Dacron grafts 
during femoropopliteal reconstruction was also examined. 
Three of five specimens showed fibrinolytic activity, local- 
ized only where there was capillary infiltration (Fig 3 and 
4). 

Atheromatous Femoral and Popliteal Arteries.—In eight 
specimens examined, fibrinolytic activity was seen adja- 
cent to fibrous plaques (Fig 5). 

Thrombosed Saphenous Vein Grafts.—Four failed vein 
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grafts removed during amputation were examined. No 
fibrinolytic activity was seen in either adventitia or endo- 
thelium. 

Bovine Grafts.—No activity was seen in two occluded bo- 
vine grafts examined. 

Saphenous Veins.—Eighteen specimens removed from 
portions of the saphenous vein being used as an arterial 
substitute were examined. Plasminogen activator was lo- 
calized mainly in the vasa vasorum of the adventitia, with 
minimal activity seen in the endothelium (Fig 1). Only one 
of the 18 specimens demonstrated total absence of fibri- 
nolytic activity. 

Varicose Veins.—Twelve specimens removed during vein 
stripping procedures were examined. The findings were 
similar to those seen in normal saphenous veins. Plas- 
minogen activator was seen in the adventitia and intima. 
In five specimens with thickened, fibrotic walls, activity 
was absent in the endothelium and reduced in the adven- 
titia. 

Comment 


Plasminogen, the precursor of the fibrinolytic enzyme 
plasmin, is widely distributed in the body, in blood, lymph, 
and other body fluids. Its activator, plasminogen activa- 
tor, originates mainly from the vascular endothelium,* 
where it can be demonstrated by histochemical tech- 
niques.*° This study focuses on plasminogen activator, 
This was demonstrated by incubating an histologic sec- 
tion of an actual or potential arterial substitute on thin fi- 
brin substrate, rich in plasminogen. Wherever the tissue 
contained activator, plasmin was formed and the sub- 
strate digested. When the preparation was examined un- 
der the microscope, the clear zone in the fibrin substrate 
could be related to the source of plasminogen activator in 
the overlying section. This technique, known as “fibri- 
nolysis autography,” has proved useful in demonstrating 
fibrinolytic activity by others.>2 Plasminogen activator 





Patent Dacron grafts 5 


Table 






Saphenous Veins 





CL i DEES RT as RR IE EAOa 

Enthothelium Adventitia Enthothelium Adventitia 
Grade 1 0 17 0 7 
Grade 2 


17 1 


Grade 3 1 0 5 0 
Total 18 18 12 12 
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Table 1.—Focal Lysis Time (Tissue Fibrinolytic Activity) in Prosthetic and Autogenous Vein Grafts 
and Atheromatous Arteries Graded According to Incubation Period 


Specimen No. ocal Lysis Time Location 
Occluded Dacron grafts 5 None (grade 3) Neointima 


Grade 2 (2) 


one (3) 
Atheromatous arteries 8 Grade 2 (4) Adventitia 


Grade 3 (4) 


Thrombosed vein grafts 5 None Endothelium and adventitia 
| Thrombosed bovine grafts 2 None Endothelium and adventitia 






2.—Focal Lysis Time (Tissue Fibrinolytic Activity) in Saphenous Veins and Varicose Veins 
Graded According to Incubation Period 









Fig 1.—Cross-section of normal Saphenous vein. Lysis indicated 
by clear zones. Plasminogen activator localized mainly in vasa vaso- 
rum of adventia (grade 1 lysis activity) with minimal activity in en- 
dothelium (grade 2 lysis activity). This fibrin slide was prepared by 
Todd's method and incubated 20 minutes (Harris alum hematoxy- 
lin, X 200). 


has been shown to be concentrated in the endothelium of 
blood vessels.** Young endothelial cells are particularly 
rich in plasminogen activator, as observed in capillaries, 
granulation tissues,"* and endothelial cells in culture." 
Likewise, high fibrinolytic activity has been found in en- 
dothelium adjacent to freshly formed thrombi,’ on the sur- 
face of retracted thrombi, and in capillaries infiltrating 
into recanalizing thrombi. 

In the present study, fibrinolytic activity was demon- 
strated in normal saphenous veins as well as varicose 
veins. Although the activator was a regular component of 
normal veins, it was absent in the fibrotic, sclerotic vari- 







Neointima adjacent to capillary loop 








Endothelium 
















Varicose Veins 
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Fig 2.—Cross-sectior of neointima removed from occluded woven Fig 3.—Neointima removed from patent, functioning Dacron 
Dacron graft. Note layering effect of deposition of fibrin mingled graft. Fibrinolytic activity manifested by clear zones. Fibrin slide 
with platelet clumps. Mo lysis (c'ear zone) seen on this fibrin slide was incubated 30 minutes (grade 2 lysis activity) (Harris alum 
incubated for 45 minutes (grade 3 lysis activity) (Harris alum hema- hematoxylin, X 50). 


toxylin, x 30). 





Fig 5.—Fibrinolytic activity in atheromatous plaque of superficial 
Fig 4.—Clear zone ( ysis) seen in Fig 3. Capillary loop is seen at femoral artery. Specimen was removed during reconstructive arte- 
center of clear zone (arrows) (Farris alum hematoxylin, X 75). rial surgery (Harris alum hematoxylin, X 50). 
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cose veins. Such veins when used as autogenous arterial 
substitutes are known to have an inferior record of short- 
and long-term patency. The plasminogen activator in 
veins examined in this study was localized mainly to the 
vasa vasorum of the adventitia, a finding consistent with 
the results of other investigations.**’ Higher fibrinolytic 
activity has been reported in upper extremity veins than 
in those of the leg. This finding has been used to explain 
the greater incidence of lower extremity venous throm- 
bosis."° 

Four patients with occluded saphenous vein arterial 
grafts were found to have absent fibrinolytic activity in 
the vein walls. This lack of activity may be explained in 
two ways. Plasminogen activator in the vessel may have 
been consumed by attempted physiologic thrombolysis, or 
it may have been that fibrinolytic activity of the vein 
walls was originally low, thus facilitating the develop- 
ment of thrombi. Whatever the conjecture as to explana- 
tion, the finding of no fibrinolytic activator activity in oc- 
cluded grafts is definite. 

The length of time that an implanted saphenous vein 
retains its fibrinolytic activity has not been determined. 
Although a biopsy examination of a functioning saph- 
enous vein graft with examination for fibrinolytic activity 
would verify the relationship of this activity to graft pa- 
tency, such a study is impossible. Decreased fibrinolytic 
activity in vein walls of patients with deep vein throm- 
bosis has been reported.: This finding seems to support the 
present observations. 

In study of femoral vein thrombosis in an animal model, 
Kwaan and Astrup found that the histologic appearances 
of the thrombi during resolution or organization could be 
correlated with the appearance and localization of fi- 
brinolytic activity as assayed histochemically.’ 

Few histologic studies of human Dacron grafts follow- 
ing long-term implantation have been reported. In report- 
ing 67 such grafts recovered after two weeks to seven 
years of implantation, DeBakey and co-workers" found 
that the inner flow surface of arterial prostheses was 
formed chiefly by fibrin. A similar observation has been 
reported by Berger and his colleagues." A study of the 
fibrinolytic activity in these grafts was not reported. 

The findings in both occluded and patent Dacron grafts 
in the present series are of interest. First, as indicated 
above, the neointima within the Dacron graft was com- 
posed of fibrin. A layering effect of deposition of fibrin 
and platelets was noted. Second, there was no fibrinolytic 
activity seen in the neointima of occluded grafts nor in 
most of the neointima from patent, functioning Dacron 
grafts. Only when a capillary loop infiltrating through the 
graft was detected histologically was fibrinolytic activity 
seen. This was only demonstrable in the patent grafts. 

Absence of fibrinolytic activity in neointima in this 
study is a finding in contrast to recent reports by Puckett 
et al and Yates et al.° They reported that Dacron pros- 
theses in animals began to acquire fibrinolytic activity in 
the developing neointima during the first 24 hours. This 
activity persisted up to three weeks after implantation. 
Such a discrepancy could be related to the experimental 
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model, since it is known that the canine fibrinolytic sys- 
tem acts differently from that of other species. Sauvage 
and his co-workers have pointed out that man heals arte- 
rial prostheses very slowly. This differs from the dog, pig, 
calf, and, particularly, the baboon.” In contrast with the 
animal preparations, complete endothelialization of Dacron 
grafts seldom occurs in the human. Therefore, fibrinolytic 
activity may be absent in Dacron grafts. Furthermore, in 
the present study, marked platelet deposition between 
layers of fibrin was seen in the neointima of the prosthetic 
grafts. Platelets are known to be rich in inhibitors of fi- 
brinolysis, and, in particular, inhibitors of plasminogen 
activator.” 

It may be significant that fibrinolytic activity was 
found only in neointima adjacent to capillary loop infil- 
tration through the grafts. Since capillary infiltration and 
graft porosity are related, it may be that high porosity 
grafts contain greater amounts of plasminogen activator 
activity. If so, these grafts may resist late thrombosis and 
consequent failure. Thus, grafts with “rough” or fila- 
mented surfaces such as the velour prostheses advocated 
by DeBakey, may prove to be better arterial substitutes. 
In a recent review, Sauvage and his co-workers found that 
grafts with an external velour design had superior healing 
and capsule adherence.” Development of a “double ve- 
lour” prosthesis may provide the best graft material,” es- 
pecially if further study of the fibrinolytic activity in 
these grafts shows them to contain increased fibrinolytic 
activator. 

The fibrinolytic activity in the atheromatous femoro- 
popliteal artery is similar to that in atherosclerotic human 
coronary arteries. Within the vascularized plaque, fi- 
brinolytically active capillaries were observed in the vasa 
vasorum or, occasionally, in the endothelium. This finding 
indicates that the fibrinolytic system is dynamic. In- 
creased fibrinolytic activity may be seen when the 
thrombus is initially formed, followed by a decrease in ac- 
tivity after exhaustion of the activity of the newly formed 
endothelial cells. The demonstration of local plasminogen 
activator in atherosclerotic human femoral or popliteal ar- 
teries substantiates the observation by Kwaan and As- 
trup™: that fibrinolytic activity participates in tissue re- 
pair. 

The present study supports previous findings on the 
vascular origin of plasminogen activator. Although a firm 
conclusion cannot be reached concerning its relationship 
to graft failure, this study does elucidate the possible role 
played by fibrinolytically active endothelium in graft 
thrombosis. Both failed saphenous vein and Dacron grafts 
showed absence of fibrinolytic activity. The occasional 
finding of fibrinolytic activity in patent Dacron grafts 
where capillary loop formation was present encourages 
use of porous prosthetic materials. Further study of the 
surface fibrinolytic activity in newly developed velour 
grafts seems necessary. 


This investigation was supported in part by a grant-in-aid from the Chi- 
cago and Illinois Heart associations and the Northwestern University Vas- 
cular Research Fund. 
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rostheses in man, its 


Discussion 


James A. Hunrer, MD, Chicago: When Dr. Yao asked me to 
comment on his paper, my first response was to indicate that, al- 
though I had read his report with great interest and appreciated 
its fundamenta. importance, I had no parallel knowledge or work 
on which to reflect. As I thought about the matter, his paper in- 
trigued me, and the fact that I had heard nothing of the matter 
before seemed zo justify rising to comment. 

After many years of prosthetic graft implantation, there still 
remains a void: the unrealized search for the ideal and dependable 
prosthesis. Not only is this so in relation to peripheral arterial re- 
construetion such as ir the femoral popliteal segment, but also 
hew nice it would be tc have a reliable graft to use for coronary 
bypass. Dr. Yac points the way through fundamental research in 
his investigation of coagulatien and fibrinolysis in search of why 
grafts fail. The result af such studies hopefully will be the design 
of grafts so that they remain functional. 

In the Chicage area, where much cardiovascular surgery is done 
by our group, as well as by others, we have come to recognize that 
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Drs. Yao, Bergan, and associates are leaders in the fields of basic 
observation and investigation. This high quality paper is but one 
of their noteworthy efforts. I congratulate them for focusing our 
attention on the place where our problems ultimately will be 
solved; namely, properly conceived and performed research in the 
surgical laboratory. 

JOHN J. CRANLEY, MD, Cincinnati: I, too, would like to thank Dr. 
Yao for giving me an advance copy of his paper. I have never en- 
countered a similar study in human beings, so I have to judge it 
strictly on the merits of the manuscript. It is clear and concise, 
and the data are consistent. 

The authors were very careful not to draw any firm conclusions 
because they recognize and clearly state that the absence of a 
plasminogen activator in their specimen, thrombosed veins, ar- 
teries, and grafts, might be an indication of why the graft throm- 
bosed, or, on the other hand, might be due to the thrombosis. 

I was able to find one reference to an English textbook, that was 
not available for me to check, which quotes Todd as reporting that 
plasminogen activators are uniformly absent in the area of a vein 
wall adjacent to a thrombus. Thus, it may be that plasminogen ac- 
tivator is absent in any thrombosed vessel. This points out the 
need for more investigation, as emphasized by the authors in the 
text. All in all, they are to be congratulated for opening up a new 
avenue of surgical investigation. 

Maxis J. Tsapocas, MD, MCh, Albany, NY: Drs. Yao, Bergan, 
and Kwann are to be commended for their elegant study and most 
interesting observations. We too, have been aware of the locally 
significant decrease in fibrinolytic activity in atherosclerotic arte- 
rial segments. The authors also reported little or no fibrinolytic ac- 
tivity in failed vein grafts and in the pseudointima of occluded 
synthetic prostheses. They consider this finding at least partly re- 
sponsible for the failure of these grafts. 

Several factors are known to lead to occlusion of a graft, includ- 
ing inadequate inflow or poor peripheral runoff or both. I feel that 
one cannot be certain whether the locally depressed fibrinolytic ac- 
tivity, observed by the authors, preceded or followed the throm- 
bosis of these grafts. If thrombosis was initially produced, the oc- 
clusion may well have subsequently affected the production of 
activator from the vessel wall. 

I would like to ask the authors what the number of failed grafts 
was for which a definitive cause for the thrombosis could be ascer- 
tained, such as the size of graft, presence of localized narrowing, 
and inadequacy of inflow and outflow. Was any correlation found 
between depressed systemic and local fibrinolytic activity and the 
thrombosis of the grafts? If such correlation can be unequivocally 
established, candidates for reconstructive arterial procedures who 
have markedly depressed systemic fibrinolytic activity may bene- 
fit from orally administered agents that can enhance this activity 
in a sustained way. 

Dr. Yao: We do not have answers to all of the questions and 
consider this to be a preliminary study. It must be emphasized 
that fibrinolytic activity in the blood is a dynamic system. In the 
presence of acute thrombosis, an initial increase in fibrinolytic ac- 
tivity may be followed by a marked decrease in the activity due to 
exhaustion of the plasminogen activator. 

In response to Dr. Tsapogas’ question regarding the patients 
with graft failures, we have not measured fibrinolytic activity in 
their blood but believe this may be a helpful test. All failed grafts 
studied were delayed failures, not acute thrombosis because of 
technical failure. Further study is indicated to elucidate the rela- 
tionship of high velocity blood flow to the fibrinolytic system. 

I would like to thank Drs. Hunter and Cranley for their kind re- 
marks. Needless to say, further study of the fibrinolytic system 
must be carried out in order to understand the fate of autogenous 
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A Comparison of the Need for Surgeons 


in Five Canadian Provinces 


N. Tait McPhedran, MD, FRCPS (C), Clarence Ekstrand, MA, PhD 


Universal health care in Canada provides data. on virtually all pro- 
cedures for which a fee is charged. The data from five Canadian 
provinces have been utilized to calculate the requirement for surgical 
specialists, and to project needs in 1976 and 1981. 

For each province, the specialized work load (total time spent on 
“specialized” operations only) was divided by the average work load 
(average time spent per specialist doing all specialized and non- 
specialized operations) to calculate the number of specialists who 
would have been needed in 1971 in general surgery and five special- 
ties. Projection of these data to the year 1981 indicates that in all 
five provinces only 42 more general surgeons will be required; and 
the addition of 13 cardiovascular surgeons, 15 otolaryngologists, 64 
orthopedists, 44 plastic surgeons, 24 urologists, and 27 neurosur- 
geons will meet the needs. It is apparent that these requirements can 
be met by existing residency programs; indeed, some restriction in 
size may be necessary. 


H” many surgeons are required now, and how many 
will be required in the future? These questions, 
asked in many quarters, were of special concern to us 
when we became responsible for establishing a residency 
program in conjunction with the new Calgary medical 
school. Recommended requirements for surgeons have for 
the most part been based on estimates of physician to pop- 
ulation ratio by experts in the field. Critical examination 
of these ratios has been difficult because no data bank? 
(and R. E. Rossall, MD, written communication, April 
1971) recorded all surgical procedures carried out in a 
large population. 

Canada, with a universal health care insurance plan, 
provided a unique opportunity to study requirements for 
surgical manpower because every service for which a fee 
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has been claimed is recorded on computer tape.* Each 
province maintains records, and the data are collected and 
collated by the Medical Care Section of the Division of 
Health Economics and Statistics, Department of National 
Health and Welfare, Ottawa. We studied these data from 
British Columbia, Alberta, Saskatchewan, Manitoba, and 
Nova Scotia for the years 1970 and 1971. Included are 
records of all operations carried out in these provinces, 
except those paid for by the Workmen’s Compensation 
Board in each province and, in Saskatchewan only, those 
paid by the Swift Current Health District and the Cancer 
Board—omitted because computer records are not avail- 
able. (The number of operations in these groups is small in 
relation to total numbers, and failure to include them will 
tend to make estimates and projections slightly low.) 

The records for each province list each surgical proce- 
dure performed, the qualifications of the surgeon, and the 
number of times it was carried out. It was, therefore, pos- 
sible to calculate the operating work load of surgeons and 
the total volume of specialized surgery in each specialty 
for each province in the year studied. 


Method 


Assumptions 

1. Under an ideal delivery system, all specialist surgery should 
be carried out by the appropriate specialist surgeon. 

2. Under a universal health insurance program, where there is 
no financial barrier to obtaining needed care, there is no large un- 
met need for surgical services. 

3. The time spent operating is a major, and therefore valid, in- 
dicator of a surgeon’s work load. 

Judgments.—We asked a committee of chiefs of the Surgical Di- 
vision, University of Calgary, to make the following estimates. 

1. To allocate operations listed in each provincial fee schedule to 
the following specialties: general surgery, neurosurgery, orthope- 
dic surgery, urology, plastic surgery, cardiovascular surgery, and 
otorhinolaryngology. 

2. To select from the provincial fee schedule, for each specialty, 
those procedures considered “specialized surgery” (eg, for general 
surgery: hernia, appendectomy, and all more complicated proce- 
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Cardio- 
General vascular- Otolaryn- 
Province Surgery Thoracic gology 
British Columbia 80,468 6,398 23,680 
Alberta 70,086 3,288 13,065 
Saskatchewan 23,628 A 5,012 
Manitoba 26,030 3,213 7,418 
Nova Scotia 587 5,688 








Table 1.—Total Surgical Work Load (Hours) of Surgical Specialists, Province, 1971 to 1972 








Surgical Specialty 


un} 


Ortho- Neuro- 
pedic Plastic Urology surgery 
26,332 15,923 14,022 5,043 
23,224 8,649 10,895 2,723 
9,001 3,002 3,962 1,331 
10,274 2,861 10,602 977 
3,500 1,978 4,934 1,545 


Table 2.—Number of Specialist Surgeons, Province, 1970* 


Surgical British 
Specialty Columbia 


General 231 


Cardiovascular-thoracic 11 
Otolaryngology 

Orthopedic 

Newrosurgery 


Plastic 


Province 


Saskatch- 
ewan 


52 





* Number of specialists refers only to those specialists who billed fee-for-service for $10,000 or more in fiscal year examined. Data from 
Medical Care Section, Health, Economics and Statistics, Department of National Health and Welfare, Ottawa. 














Cardio- 












General vascular- Otolaryn- 
Province Surgery Thoracic gology 
British Columbia 348 582 493 
Alberta 567 199 423 
Saskatchewan 454 Res 626 
Manitoba 338 535 390 
Nova Scotia 396 587 














Cardio- 
General vascular- Otolaryn- 
Province Surgery Thoracic gology 
British Columbia 69,741 4,658 17,759 
Alberta 60,892 3,813 12,924 
Saskatchewan 30,487 1,199 6,935 
Manitoba 21,328 2,650 6,014 
Nova Scotia 1,882 7,081 











dures). It was agreed that operations not selected for this cate- 
gory could be carried out by any physician. 

3. To assign to each operation an estimated time. The allocated 
time included operating time, anesthetic induction and recovery 
time, and changeover time. 

4 Active surgeons were defined, for the purpose of this study, 
as those-who earned $10,000 or more from fee-for-service billings. 
(Im each province there were fewer “active” surgeons than the 
number registered with zhe provincial college.) 
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Table 3.—Average Work Load of Surgical Specialists, Province, 1971 to 1972 
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Table 4.—Total Operating Time (Hours) Required for Specialized Surgery, Province, 1971 to 1972 


Sn em nnn nnn LEIA EEE ENS ROR 






Surgical Specialty 


Ortho- Neuro- 
pedic Plastic Urology surgery 
411 1,061 326 326 
536 864 279 487 
563 500 166 360 
474 572 326 589 


500 989 








Surgical Specialty 


a a ee a ER EN a E E RD 


Ortho- Neuro- 
pedic Plastic Urology surgery 
28,867 15,355 17,625 7,033 
24,330 9,933 12,920 2,789 
12,012 12,686 4,499 1,818 
12,491 9,172 9,721 1,899 
9,601 3,400 4,934 1,975 


Calculations 

We carried out the following calculations: 

1. For each operation, operating time was multiplied by the 
number of times the procedure was carried out. The total time for 
each specialty was the sum of the time spent operating by all 
members of each specialty group. This total included operations 
pertaining to the specialty, as well as operations outside the spe- 
cialty. It was calculated for each province and will, for brevity, be 
called total work load (Table 1). 
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Table 5.—Surgical Specialists Required, Province, 1971 to 1972 


Renner nee Sse 


Cardio- 
vascular- 
Thoracic 


General 

Surgery 
Regis- 
tered 


Otolaryn- 
gology 


Regis- 
tered 


Regis- 
tered 


in Re- in Re- in Re- 
1970 quired 


Province 1970 quired 1970 quired 
British Columbia 231 200 11 8 48 36 
Alberta 123 107 12 19 28 28 
Saskatchewan 52 67 
Manitoba 
Nova Scotia 


2. The number of active specialists was computed for each 
province (Table 2). 

3. The average work load for each specialty (in each province) 
was calculated by dividing total work load by the number of active 
specialists (Table 3). 

4. The total “specialized work load” was the sum of operation 
times for all procedures considered specialized, whether or not 
they were done by the appropriate specialist (Table 4). 

5. It was then an easy matter to calculate the number of spe- 
cialists who would have been required to do all the specialized sur- 
gery in each province by dividing total “specialized work load” by 
average work load (Table 5). 

6. Requirements for 1976 and 1981 were estimated utilizing 
population growth statistics supplied by Statistics Canada. The 
work load of specialist procedures per 100,000 population was for 
each specialty applied to the projected population increase and the 
total divided by average work load. We assumed that in each prov- 
ince the need for specialist surgery would remain constant per 
unit population, and the average work load would remain constant 
for each specialty (Tables 6 and 7). 

7. Requirement for specialized surgery per 100,000 population 
was calculated for each province (Table 7). 

8. Finally, calculated requirement for specialists was divided 
into the population of each province to provide a ratio of specialist 
to population on a local basis (Table 8). For comparison, in the last 
column is shown estimated ratio of specialists to population pub- 
lished by the Royal College of Physicians and Surgeons of Canada 
(arrived at by consensus opinion among specialists in that col- 
lege). 

Comment 


We have assumed that there are no large unmet needs 
for surgical treatment in these five provinces. We believe 
that this assumption is valid because there are no finan- 
cial barriers to treatment; and because data provided by 
R. Armstrong, MD, of the Department of National Health 


—_————_S ee eee SO a 


Cardiovascular- 


General Surgery Thoracic 
oo 
1970- 1970- 
Province 1971 1976 1981 1971 1976 1981 
British Columbia a3: 234 -273 11 9 11 
Alberta 123 120 133 an) 2) 24 





Ortho- 
pedic 
Regis- 
tered 
in Re- 
1970 quired 


1970 quired 
64 70 15 14 43 39 
41 45 9 11 22 10 


1970 quired 1970 quired 


20 6 25 11 
5 16 18 
2 


3 11 


and Welfare indicate that an increase in the number of 
neurosurgeons in areas with constant population does not 
lead to an increased number of neurosurgical procedures 
in that area. It appears that the perceived needs of the 
Canadian people are being provided, although not always 
by the appropriate specialist. 

We have assumed that in an ideal system all specialized 
surgery should be carried out by the appropriate special- 
ist.‘ British® and American’: studies have confirmed the 
general impression that under these conditions morbidity 
and mortality are lower. 

Time was used as a “common denominator” (or cur- 
rency) to calculate total work load, specialized work load, 
and average work load to allow inclusion of procedures 
with marked variations in magnitude, which together 
made up the work load. The figures were not meant to be 
absolute. If estimates of operating room times are slightly 
too high or too low, the error will not bias estimates of 
manpower needs since they will equally affect each ele- 
ment in the calculations. 

This study is based on the premise that the sample of a 
surgeon’s work load represented by the time spent oper- 
ating provides a fair base from which present and future 
needs may be calculated.’ We realize of course that the 
average work load does not include the many other impor- 
tant activities that surgeons undertake. The relatively low 
values for average work loads reflect this fact. 

The calculations of total work load, average work load, 
and specialized work load have been carried out on a pro- 
vincial basis. The average work loads vary from province 
to province, as does the “need” for specialist surgery. 
These variations may reflect underutilization of surgical 
talent in some provinces, overservicing in others.’ We 


Table 6.—Projected Specialists Required, 1976 & 1981 


Otolaryngology Orthropedic Plastic Surg 
1970- 1970- 1970- 
1971 1976 1981 1971 1976 1981 1971 1976 ] 
48 42 49 64 82 96 15 

28 * 34.38 r 5 eg -T 56 9 


Saskatchewan 52 67 67 id RR otk 8 11 11 16 21 21 6 
Manitoba 77 65 67 6 19 16 16 23 27 28 5 
2 


m 
Aj o 


Nova Scotia SS?) ELAR 11 E E o. s JERAT i A a. 
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Table 7.—Incidence of Specialized Surgery: Surgical Hours per 100,000 Population, 1971 to 1972 


Surgical Specialty 
et OOD 
Cardio- 
General vascular- Otolaryn- Ortho- 
Province Surgery Thoracic gology pedic Plastic Urology 
British Columbia 3,192 213 822 1,321 1,924 312 
Alberta 4,025 225 845 1,623 670 853 
Saskatchewan 3,291 129 749 1,297 1,369 486 
Manitoba 2,158 265 609 1,264 928 984 
Nova Scotia 2,300 239 898 1,217 431 569 













Table 8.—Ratio Soecialist/ Population: Comparison of Provinces and Royal College Recommendation 


CL LLL LLL LLL 















British Nova Royal 
Specialty Columbia Alberta Saskatchewan Manitoba Scotia College 
General surgery 1: 10,923 1: -15,195 1: 13,825 1: 15,686 1: 11,954 1: 10,000 
Cardiovascular-thoracic 1:273,078 1: 82,227 AN 1:197,649 1:197,240 1:200,000 
Orthopedic 1: 31,209 1: 35,984 1: 44,107 1: 35,295 1: 39,448 1: 35,000 
Urology 1:104,029 1: 59,974 1: 77,187 1: 58,132 4: 71,323 1: 50,000 
Otolaryngology 1: 60,684 1: 57,832 1: 84,203 1: 65,883 1: 56,354 1: 30,000 
Plastic 1:156,044 1:147,210 1: 37,050 1: 61,765 1:262,987 1:150,000 
Neurosurgery 1: 87,385 1:161,931 1:115,780 1:164,709 1:157,792 1:125,000 
have no data on which to form opinions on these points. References 
Perhaps such data will come from the Study on Surgical ; 
Serviees for the United States (SOSSUS).""” If not, sur- eS Role: det et ano qatt A eet i rA 
geons must carefully examine the question of needs per Bis pana GG: Aasaia g gual of surgical services in 
unit population and optimal average work loads for sur- 3. MePhedran NA. Ekstrand C: Study of surgical practice in Al- 
geons. berta for 1970. Can J Surg 16:77-83, 1973. 
This study indicates tha: no large deficits in specialist 4. Moore FD: Quality of care. Read before the annual meeting 


“4 * : : . of the Royal College of Physicians and Surgeons of Canada, Ot- 
manpower exist in the prowinces studied, even if all spe- tawa, 1971. 


cialized surgery was previced by the appropriate special- 5. Lee JA, Morrison SL, Morris JN: Fatality from three com- 


ist. If population growth occurs as estimated, and if the mon surgical conditions in teaching and non-teaching hospitals. 
Lancet 2:785-790, 1957. 


projected requirements are accurate, the additional spe- 6. Lee JA, Morrison SL, Morris JN: Case fatality in teaching 
cialists required can be provided with ease by existing res- and non-teaching hospitals. Lancet 1:170-171, 1960. 
idency programs. Surgical educators should agree to tailor 7. Arnold DJ: Twenty-eight thousand six hundred twenty-one 
5 j : : cholecystectomies in Ohio: Results of a survey in Ohio hespitals by 

residency programs to meet che needs; immigration au- the Gallbladder Survey Committee. Am J Surg 119:714-717, 1970. 
thorities should seriously consider the advisability of un- 8. eee LE, op nan) F: ee Aon yg 
—_ . : : : SET ative death rates: Commentary on some of the findings ef the Na- 
limited immigration of surgical specialists. } tional Halothane Study. JAMA 203:492-494, 1968. 

The data on which these estimates are based include 9. Hughes EF, et al: Surgical work loads in community practice. 


reeords of virtually all operations carried out in a fiscal Surgery 71:315-327, 1972. 


: à . . 10. Bunker JP: Surgical manpower: Comparison of operations 
year in five Camadian provinces. The level of health carein and surgeons in United States and in England and Wales. N Engl 


these provinces approximates that in the United States. J Med 282:135-144, 1970. 


The problems presented ard zhe solutions proposed may 11. Holden WD, et al: Study on surgical services før United 
; R States by American College of Surgeons and American Surgical 
not be uniquely Canadian! Association. Bull Am Coll Surg 56:14-21, 1971. 


12. Moore FD: Interim report from the Subcommittee on Un- 
dergraduate, Graduate, and Postgraduate Manpower of Study on 
Surgical Services for the United States. Bull Am Coll Surg 57:15- 


16, 1972. 

Discussion 
O: | TERN: WALTER F. BALLINGER, MD, St. Louis: Dr. McPhedran is, of 
‘ 1970- course, telling us that the proper study of surgeonkind is surgeons 
1976 1981 1971 1976 1981 themselves. Recently surgeons have begun to recognize, dimly at 
ae a is E first but now with pressing immediacy, that we had best study 
ourselves so that we can, in more than anecdotal fashion, charac- 
1213 a 11 1 terize ourselves—for ourselves and for the public that, through the 
13 19 3 6 6 political process, has a greater voice in shaping our surgieal world, 
l1 12 4 5 6 be it in our daily practice, in the funding of our hospitals, or in the 
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replication process itself that is our schools of medicine and res- 
idency training programs. 

Thus, we now have a new phenomenon, the appearance on pro- 
grams such as this of the results, gained by painstaking labor, of 
temporal slices of what we surgeons are, of what we do, and of 
what we need from society to continue our work. 

Dr. McPhedran is one of the earliest of the surgical Leeuwen- 
hoeks, peering through an imperfect microscope and without ade- 
quate knowledge of the whole. But what he has done is crucial; it 
is a beginning, and an important one. Whether the data from five 
Canadian provinces will parallel surgical practice in St. Louis, 
Boston, or San Francisco is not known. But the very fact that he 
and a few others are doing studies of this nature will, in the fu- 
ture, influence surgical practice elsewhere. This is beyond any 
doubt. 

There are those surgeons who would fear the light of scrutiny 
and abstain from participation in studies such as these. I would 
ask them whom they would prefer at the other end of the micro- 
scope—a surgeon or a nonsurgeon? 

There are numerous ways to perform a study of surgical work 
loads, and I will mention them briefly because Dr. McPhedran has 
covered this so well. The method of handling the data in this study 
produced an averaging, and arbitrary decisions had to be made— 
average operating time per procedure, or assignment of a specific 
operation type; for example, lumbar disks, to a specific specialty 
where there may be important regional differences. 

Other methods of handling data have included the use of the 
hernia equivalent. Relative value studies have been used, partic- 
ularly those of California. But when concluding with “ideal” data 
regarding optimal numbers of surgical specialists, one must be 
very cautious indeed. 

What numbers and types of operations are done by family prac- 
titioners? Will this continue? What about changing disease pat- 
terns, for example, coronary artery disease? Is there unmet need, 
new demand, under- or overutilization? It is a complex subject 
that has been presented today. 

A number of similar studies are occurring in the United States, 
especially SOSSUS, of which you are all aware, and in Britain. 
Variations in demand utilization and surgical work loads are 
striking and very puzzling. 

I, for one, am indebted to Dr. McPhedran for bringing his re- 
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markable study of surgical work loads in Canada south across the 
border to present to us today. I will be fascinated as comparisons 
develop with other Canadian provinces, especially Ontario and 
Quebec. 

Harry S. Morton, OBE, MSc MB, FACS, FRCS (Eng) (C), Mon- 
treal: This is an interesting tool that will be used by the ministers 
of health in all provinces of Canada and possibly by the medical 
profession in the United States. I agree with Dr. McPhedran 
wholeheartedly that there are too many surgeons in the metropoli- 
tan areas. In Quebec there are twice as many specialists as gen- 
eral practitioners, an inverse ratio. The government is reversing 
the process. 

It is noted that there is no breakdown for the speciality of ob- 
stetrics and gynecology. In rural areas it is obligatory for a gen- 
eral surgeon to deal with emergency obstetrical problems and 
gynecological situations, especially when 60 miles from assistance. 
Therefore, I urge general surgeons who plan to practice in rural 
areas to be trained in obstetrics and gynecology. At the moment, 
this special training for general surgeons is not available in Can- 
ada. 

Dr. McCPHEDRAN: Dr. Ballinger raised the question of under- 
utilization and overutilization, the changing patterns of practice, 
and what work has been done by family practitioners. The chang- 
ing patterns of practice can be easily recognized because once the 
program is written it can be run every year to pick up changing 
patterns. These changes can then be translated into projections. 
The work done by family practitioners is all included in the spe- 
cialized work load. The specialized work load includes all oper- 
ations considered specialized within each specialty, no matter who 
did them. 

The question of overutilization and underutilization, the differ- 
ences in the average work loads, and the differences in specialized 
work loads per 100,000 population are very interesting. We have 
no data to answer “what is right.” I have been hoping that the 
SOSSUS study might help with this problem. We find in Alberta, 
for instance, in general surgery, that we carry out almost twice as 
much as they do in British Columbia per 100,000 population. 

“What is correct?” I certainly will not try to answer this ques- 
tion, but I think we as surgeons had better answer it, because if 
we do not somebody somewhere is going to tell us. 
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Recurrent Catamenial Pneumothorax 


Nicholas P. Rossi, MD, Clifford P. Goplerud, MD 


In 1958, Maurer described the syndrome of recurring catamenial 
pmeumothorax associated witk pelvic and diaphragmatic endome- 
triosis. Since then, similar cases have been reported, indicating that 
pelvic endometriosis and pleural or diaphragmatic endometrial im- 
plants may be present. 

“On the basis ef experience with six patients of our own, and in a 
review of the literature, we find no support for the explanations so 
far proposed, eg, that the uterine cavity is the source of air that 
passes through congental diaphragmatic defects. Our experience 
confirms that the syndrome cccurs in ovulating women and that 
symptoms are relieved by hormonal suppression of ovulation; that 
endometriosis may not be present; and that usually no specific pul- 
monary process is found. Awareness of this entity will lead to more 
frequent case findings, thus permitting the determination of its true 
incidence and the testing of current theories. 


he syndrome of reeurring spontaneous pneumo- 
thorax associated wizh menstruation is a clinical en- 
tity infrequently recognmed. The relationship between 
the two events is shown by the onset of symptoms of the 
pneumothorax shortly before or after the menstrual flow 
begins. In the cases reported to date, half have been dem- 
onstrated to nave pleural or pelvic endometriosis or both. 
Some of the interesting features of the syndrome are 
demonstrated in the following report. 


Clinical Material 


Table 1 presents data that we have obtained from six patients 
whom we have observed since 1967. Several interesting points 


about these patients are worthy of mention. No specific pulmo- 
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nary pathologic findings were ever demonstrated in any of them, 
either by roentgenogram or by direct inspection of the lung. In 
the patients who underwent operation, small apical areas of thick- 
ening due to fibrosis were usually noted and confirmed by biopsy; 
no diaphragmatic abnormalities or implants were present. One 
patient demonstrated left-sided pneumothorax, the single excep- 
tion in the entire reported experience. Pleural abrasion did not 
prevent pneumothorax in one patient, although subsequent parie- 
tal pleurectomy did. It is interesting to note that this patient still 
has some right-sided discomfort at the time of menstruation, al- 
though recurrent pneumothorax has never been demonstrated. 
Two of the patients had pelvic endometriosis. Although one of our 
patients began having symptoms at age 21 years, the diagnoses 
were usually made late in the third or during the fourth or fifth 
decades. There is no history in our patients indicating that symp- 
toms occurred at times other than menstruation. 

A review of the charts of all cases of pneumothorax seen in our 
hospital in women during this same time interval revealed four 
patients with a typical history. The relationship between the chest 
problem and the menstrual irregularities was not appreciated. In 
each instance, hormone therapy led to relief of the chest symp- 
toms. 


Comment 


Spontaneous pneumothorax is generally considered to 
be a disease of young, otherwise healthy men in whom 
small pulmonary blebs can usually be demonstrated. The 
occurrence of pneumothorax in women is much less fre- 
quent; the incidence and relationship to its occurrence in 
men have been estimated to be between one in four to one 
in ten. That spontaneous pneumothorax and menstruation 
could occur simultaneously by coincidence would not be 
unexpected. However, the patients reported herein, as 
well as the majority of the other 20 patients reported in 
the literature, have experienced recurring episodes. This 
suggests that the causative factor is some pathologic en- 
tity or some alteration of pulmonary physiology triggered 
by the normal, or perhaps exaggerated, effeets of the 
physiologic changes occurring just before or after the on- 
set of a menstrual period. 
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Table 1.—Recurrent Catamenial Pneumothorax: Authors’ Experience 


Age (yr) at Onset; Side of 
Pa- Probable No.of Pneumo- Endo- 
tient Episodes thorax metriosis 


1 39; 3 episodes Left No Apical scarring 


33; 2 episodes 


31; 2 episodes, 
1 mo apart 


38; 3 episodes Chronic pleuritis 


30; numerous 
episodes 


First thoracotomy, 
apical scarring; 


second thoracotomy, 


same 


Abdominal exploration 
+ celioscopy revealed 


Operative Findings 


Procedure 


Segmental resection, 
partial pleurectomy 


Results and Comments 


Much menstrual irregularity, preopera- 
tively on hormones; no trouble post- 
operatively; carcinoma of endometrium 
discovered 8 yr postoperatively 


No recurrence in 5 yr on hormones; 
much menstrual irregularity; tubal 
pregnancy prior to pneumothorax 


Both episodes at time of period 


Partial pleurectomy, 
dilation + curettage 


Explored 1 yr postoperatively because 
of enlarged left ovary + chronic 

showing secretory cholecystitis; exploration showed 

endometrium fibrous nodule on left ovary 


First, pleural abrasion; Recurrence after first procedure; 
second, partial none for 3 yr after second, although 
pleurectomy patient still had mild discomfort at 
times of menses that improved with 
hormones; hysterectomy 5 yr after 
second thoracotomy for endometriosis 
Panhysterectomy 


ovarian + ligamentous 


endometrial implants 


39; 5 episodes Apical scarring + 


chronic pleuritis 


Schwartz in 1938' reported a patient with periodic 
bleeding from a lung mass associated with endometriosis. 
Since that time, a number of cases of recurrent hemotho- 
rax at the time of menstruation have been reported.*° 
This prompted laboratory investigations such as those car- 
ried out by Hobbs and Bortnick, who were able to produce 
pulmonary endometriosis in rabbits by the intravenous in- 
fusion of endometrial tissue. The first of the cases of 
pneumothorax associated with menstruation was reported 
by Maurer et al’ in 1958. This patient demonstrated dia- 
phragmatic implants, but did not have ectopic endomet- 
rial tissue. None of the patients listed in the review out- 
lined in Table 2*5- did, except for the patient described 
by Kovarik and Toll.” 

Table 2 gives a complete summary of all reported cases 
of recurring catamenial pneumothorax since 1958. In 
these cases there is indication that all patients had men- 
struated for quite some time and, since most were parous, 
that they had ovulated. All the patients listed and all ex- 
cept one of ours have experienced a pneumothorax on the 
right side. Not all patients have had proven recurrence, 
but most have a history compatible with recurrence at the 
time of the onset of a period. Not all patients have been 
treated by open thoracotomy so that the data on intra- 
thoracic lesions are incomplete, but in our series over a pe- 
riod of seven years no new pulmonary processes have been 
diagnosed. Five patients have shown endometriosis in the 
diaphragm, one in the diaphragm and the lung, and one in 
the pleura. None of our patients have proven intrathoracic 
endometriosis. Several of the previously reported patients 
have had pelvic endometriosis, as two in our series have. 
Seven patients in the literature had no pneumothoraxes 
when taking ovulation suppressants. One patient in our 
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No recurrence in 6 yr; occasional 
pain at time of menses 


Partial pleurectomy 





series showed the same response but developed chest pain 


‘without proven pneumothorax when not on a regimen of 


oral contraceptives, even though she had a partial pleurec- 
tomy previously; this patient has had a subsequent hyster- 
ectomy. In this same patient, one ovary was retained; 
when not on a regimen of ovulation suppressants, she still 
developed occasional right-sided chest pain but it was so 
mild that she considered it only an inconvenience. One of 
our patients subsequently developed adenocarcinoma of 
the endometrium. 

The features common to all cases reported in the litera- 
ture, as well as our own, have been nicely summarized re- 
cently by Lillington et al.’* These include involvement of 
the right hemithorax; a close temporal relationship to the 
onset of menstrual flow; failure of pneumothorax to occur 
at other times in the menstrual cycle; a relatively late on- 
set of the disease, often in the same decade when endo- 
metriosis is frequently diagnosed; prevention of recur- 
rence of pneumothorax when ovulation-suppressant drugs 
are used or during pregnancy. Other features are present 
in some patients but not all. These include clinical and 
pathologic evidence of pelvic endometriosis; pleural or 
diaphragmatic endometrial implants; perforations in the 
right hemidiaphragm; failure to find a specific pulmonary 
process responsible for the air leakage at thoracotomy; 
and the possibility of further recurrence after thora- 
cotomy, particularly if pleurectomy is not performed. 

Maurer et al’ postulated that during menstruation there 
was passage of air via the genital tract into the peritoneal 
cavity and thence through diaphragmatic defects into the 
pleural cavity, thus producing pneumothorax. This theory 
was further supported by Crutcher et al." If this were the 
case, such patients should suffer pneumothorax with ev- 
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Table 2.—Recurrent Catamenial Pneumothorax: Review of the Literature 





Age (yr) at Onset; S de of 
Probable Mo. of Pneumo- : 
Author Episodes thorax Endometriosis Operative Findings Procedure Results and Comments 
z n di i Follow-up in 41⁄ yr; 
15 episodes Right Yes Hole in diaphragm Area excised + defect 
Taiki p F x at site of endo- closed no hormones 
(1958)? metrial implants 
Wingfield 30; 42 probable Right No No lesions found Abrasion of pleura syaien symptoms 4 yr; 
(1961) episodes at Ne Rares 
time of menses 
Mayo Right No Air leaks in apex Closure of leaks, pleural Small, recurrent pneumo- 
(1963)12 of upper lobe abrasion thorax 18 mo later 
McSwain & 38+ Right Yes, 
Siebel diaphragm 
(1964)? “35+ Right Yes, 
diaphragm 
Kovark&  28;6episodesre- Right Yes, lung + Emphysematous Apical wedge resection + Relief of symptoms; placed 
Tol! lated tc peri- diaphragm blebs of right diaphragmatic nodules i on hormones 
(1956) ods, 1 episode upper lobe + excised (both endometrial 
after stopping endometrial tissue), repair of defect 
a mixture of implants on + pleural abrasion 
norethynodrel diaphragm 
+ mestranol 
(Enovid) + 1 
with break- 
through bleed- 
ing 
Yeh 24; 5 episodes Right Yes, Chocolate-colored Excision of ovarian cyst Recurrence of pneumothorax 
(1967)5 pleural, pleural cyst, 2 yr after thoracotomy, on stopping hormones 
ovary microscopical biopsy reported as 
diagnosis: endometriosis 
pleural cyst 
Cruteher 30; 15 episedes Right No Apical blebs Excision of blebs Continues to have attacks of 
etal right-sided pain at menses 
(1967)" 10 yr later 
37; 14 episodes Right Yes, Hole in diaphragm Excision of perforated area Continued episodes of 
: diaphragm + repair pneumothorax 
34; 14 episodes Right No, suspected, Hole in diaphragm Excision around hole + Two postoperative episodes 
but biopsy repair, partial of pain without pneumothorax 
negative pleurectomy 
Davies 35; 16 episodes Right No No lesion found Talc pleurolysis Relief obtained for 5 yr 
(7968)!3 with hormones before 
operation, no symptoms 
after surgery 
40; 5 episodes Right Probable Several black Biopsy, but no histologic 
lesions noted on findings 
diaphragm 
30; 23 episodes Right No No lesion noted Pleurectomy, lung biopsy Occasional; mild right- 
sided pain 
34;.20 episodes Right No No operation Relief by hormones; follow-up 
only 3 mo 
32; 30 2pisodes Right No No lesions seen Pleural cavity filled 
with olive oil 
Lillington 29; 12 episodes, Right No Few, small blebs Rescetion of blebs Some postoperative chest 
et al 40 probable pain; pneumoperitoneum; 4 
(1972)'4 yr later appearec normal 
33; 6 episodes, Right No Apical adhesions, Excision of cyst Postoperative chest pain 
20 probable apical cyst occasionally at menses; 
hysterectomy 12 yr later 
for myomata; small focus of 
endometriosis in right ovary 
32; 4 episodes, Right No Apical blebs Partial pleurectomy On 2 occasions had recurrent 
20 probable pneumothorax on stopping 
hormones 
29; 25 episodes, Right No No abnormalities Pleural abrasion Recurrent pneumothorax, 
20 probable noted relief of symptoms with 
hormones 
27; 1 episode Right Probable Pelvic pneumogram revealed 
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large ovaries with many 
adhesions 
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ery menstruation and, while relieved during pregnancy, 
should not be relieved by ovulation suppressants. Also, if 
this were true, there should be a high incidence of pneu- 
mothorax following therapeutic pneumoperitoneum, ce- 
lioscopy, and tubal insufflation, and such is not the case. 
Similarly, pneumothorax should be seen commonly follow- 
ing celiotomy, an extremely frequent operation, and, 
again, such is not the case. 

Endometriosis of the pelvic viscera is quite a common 
disease, especially in the age group having recurrent cata- 
menial pneumothorax, so this quite probably is little more 
than coincidence. Endometriosis of the lung, however, is 
rare. A search of the literature by Jelihovsky and Grant” 
revealed only 11 cases in which endometrial tissue was 
found on histologic examination of the lungs. Six of these 
showed small islands of decidua in the lungs at necropsy, 
the patients having died during pregnancy or shortly af- 
ter delivery. This should be considered agonal in all proba- 
bility. Because of the large venous channels at the placen- 
tal site, fragments of decidua or trophoblastic tissue may 
be carried to the lung, as may amniotic fluid and debris in 
instances of amniotic fluid infusion or in the rare entity 
of trophoblastic emboli that may occur in patients with 
hydatidiform mole. In the other patients, single lesions 
containing endometrial glands were found in surgically 
resected specimens. Only one of these patients had recur- 
rent catamenial pneumothorax, the previously mentioned 
patient described by Kovarik and Toll” (Table 2). While 
endometriosis within the thorax may be related to this en- 
tity, none of these patients have been reported to have he- 
mopneumothorax, as one might expect. 

There are features of the pneumothorax-menstrual syn- 
drome that strongly suggest that the relationship be- 
tween the two organ systems is hormonally induced and 
that ovulation is a critical factor: (1) There are no reports 
of the syndrome occurring near the menarche when most 


women are anovulatory for a period of several months up 
to two years. Most had menstruated for many years. (2) 
Many of the patients were parous, the best indicator of ovu- 
lation. (3) There was relief of pain by the use of ovulation- 
Suppressant drugs even though withdrawal uterine bleed- 
ing occurred. A theoretic relationship of ovulation and 
menstruation in recurring spontaneous pneumothorax in 
the reported cases may represent an exaggerated pulmo- 
nary response to a normal course of menstruation or an 
exaggerated physiologic course of menstruation and a 
dose-related pulmonary response. 

The air no doubt comes from the lung, but no specific 
pulmonary process has been demonstrated. Rather pro- 
nounced changes in the bronchial epithelium, however, 
have been noted to occur as a physiological response dur- 
ing menstruation." At the time of menstruation following 
ovulation there is a pronounced increase in the syntheses 
of dinaprost tromethamine (prostaglandin F, a trometha- 
mine) in the sloughing endometrium. Dinaprost trometha- 
mine has been reported to be present in large amounts in 
menstrual debris“ and in the plasma of some women at 
the time of menstruation in ovulatory cycles (D. E. Van 
Orden, MD, oral communication, J anuary 1974). This com- 
pound has been shown to cause bronchiolar constriction 
and vascular constriction. It is possible that alveolar tissue 
mildly or moderately damaged from vasospasm might 
rupture if superimposed bronchospasm of any degree im- 
peded expiration. The prostaglandin content of menstrual 
fluid is reduced in anovulatory cycles,’ which would ex- 


plain the lack of recurrence of pneumothorax in patients 


taking ovulation suppressants. Investigation along these 
lines seems promising. 

Awareness of this interesting clinical entity will lead to 
more frequent case findings, and will permit the determi- 
nation of its true incidence and the testing of the current 
speculations and theories. 
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Gastric Inhibitory Polypeptide 
Response to Oral Glucose After Vagotomy and Pyloroplasty 
Neil R. Thomferd, ML; Kenneth R. Sirinek, MD; Samuel E. Crockett, MD; 


Ernest L. Mazzaferri, MD; Samuel Cataland, MD 


Gastric inhibitory polypeptice (GIP), immunoreactive insulin (IRI), 
and glucose levels in response to orally administered glucose were 
determined in ten patients with vagotomy and pyloroplasty (V&P) 
and in 21 normal subjects. The V&P patients had the expected early 
and exaggerated increase in mean serum glucose with a subsequent 
decline to a lewel below fasting. The early mean GIP response was 
similarity elevated and paralldled the glucose response. The early 
mean serum IRI of V&P patients was greater than that of normal 
subjects, but only at 30 minuves was the difference statistically sig- 
nificant (P <.01). Since GIP ss known to be insulinotropic, the re- 
sults of this study suggest that its role in the enteroinsular axis is 
magnified after V&P. The GIP may be in part responsible for the 
postprandial hypoglycemia recognized clinically as the “late phase” 
of the dumping syndrcme. 


stric inhibitory polypeptide (GIP) is an intestinal 
polypeptide isolateé from crude extracts of cholecys- 
tokinin-panereozymin (C SK-PZ) by Brown et al in 1969.’ 
Initial studies demonstraced its capacity to inhibit gastric 
acid secretion in response to histamine, pentagastrin, and 
insulin hypoglycemia.’ More recent investigations suggest 
GIP has an equally important role in carbohydrate metab- 
olism + 
Orally administered glacose is known to evoke a greater 
insulm response than comparable amounts of glucose 
given intravenously.’ This difference in insulin secretion 
has been attributed to “he “enteroinsular axis,” a term 
used to suggest that the augmented insulin release in re- 
sponse to orally administered glucose may be mediated by 
the action of one or more-gastrointestinal hormones.*’ Re- 
cent studies have demorstrated that orally administered 
glucose is a potent stimu us for the enteric release of GIP, 
and that endogenous anc exogenous GIP are insulinotrop- 
ic in the presence of hypergiycemia.** Highly purified GIP 
given intrarenously wita glucose potentiates the rise in 
serum immunoreactive iasulin (IRI) stimulated by hyper- 
glycemia.’ Thus, availabie evidence indicates GIP may be 
an integral compenent cf the enteroinsular axis. 
The apparent role of SIP in normal carbohydrate me- 
tabolism auegee® t the petential value of identifying GIP 
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characteristics in states where glucose metabolism is ab- 
normal. The iatrogenic alteration in glucose metabolism 
that often follows operations for peptic ulcer is one such 
disorder. These patients often have an early postprandial 
hyperglycemia followed by a rapid fall in blood glucose 
within two to three hours.‘ 

“Excessive” insulin responses frequently occur but are 
not uniformly recorded. Patients who have had a gastric 
emptying procedure have a higher incidence of hypoglyce- 
mic symptoms than those who have had antreetomy.” 

In the present study the response of serum glucose, 
GIP, and IRI to an oral glucose challenge was determined 
in a group of patients with truncal vagotomy and pyloro- 
plasty (V&P) and was compared to the responses observed 
in a control group of normal subjects reported elsewhere.‘ 


Methods 


Two groups were studied; normal subjects and patients with 
truncal V&P. All individuals were ambulatory outpatient volun- 
teers who had given fully informed written consent for the study. 
All subjects, normal and V&P, were within 10% of their ideal body 
weight and denied ingestion of medications. 

Twenty-one normal subjects (15 men and six women) were stud- 
ied; their ages ranged from 20 to 41 years, with a mean age of 24.5 
years. Before selection for study, each individual was tested and 
found to have normal tolerance to orally administered glucose. 

Ten V&P patients (eight men and two women) were studied; 
their ages ranged from 25 to 66 years, with a mean age of 42 
years. Vagotomy and pyloroplasty (Heineke-Mikulicz) operations 
were done three months to eight years prior to study. At the time 
of study all ten patients were in good general health and the re- 
sult of V&P was judged to be good to excellent by both patient 
and physician. The fasting serum glucose concentration of each 
patient was within normal range. 

Each individual was asked to consume a diet containing 300 gm 
or more of carbohydrate daily for the three days preceding study. 
After an overnight fast of eight to 12 hours, subjects reported to 
the laboratory at 8 AM. Each individual ingested 75 gm of glucose 
within two minutes. An indwelling 19-gauge needle allowed sam- 
pling of venous blood from the arm before (fasting) and at five, 15, 
30, 60, 120, and 180 minutes after oral administration of glucose. 

Blood samples were immediately centrifuged at room tempera- 
ture and the serum frozen and stored at — 20 C. Serum glucose 
was measured immediately after separating the serum, and the 
GIP and insulin (IRI) levels were determined on the frozen, stored 
serum specimens. The glucose concentration of each sample of se- 
rum was measured in duplicate by the glucose oxidase method 
using a Beckman glucose analyzer. Duplicate glucose determina- 
tions agreed within + 5 mg% and the average values are reported. 
Serum IRI was determined using a commercially available immu- 
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Table 1.—Glucose, GIP, and Insulin Responses to 75 gm Orally Administered Glucose in 21 Normal Subjects* 





Time, min 


Fasting 5 15 30 60 120 180 
Glucose, 7375.2 79+2 109+4 1325 1237 89+4 sO 3-3 





















mg/100 ml (P <.01) (P <.001) (P <.001) (P <.001) (P <.01) (NS) 
GIP, 319= 18 414+ 45 589 = 53 674 + 60 683 + 58 602 + 60 416+ 43 

pg/ml (P <.05) (P <.001) (P <.001) (P <.001) (P <.001) (P <.05) 
Insulin, 11+=1 20 £3 60 +11 85 + 10 7429 48+9 142 

nU/ml (P <.05) (P <.001) (P <.001) (P <.001) (P <.001) (NS) 

















* Values are mean response + SE. Expression of significance in all instances refers to comparison of that value with fasting value. 









Table 2.—Glucose, GIP, and Insulin Response to 75 gm Orally Administered Glucose in Ten V&P Patients* 
—_—_-—_———————————————————————————— EEE 


Time, min 



















Fasting 5 15 30 60 120 180) 57 
Glucose, © 82 £3 97 +2 155 £ 8 203 + 10 163 + 24 80 +9 68 +5 
mg/100 ml (P <.01) (P <.001) (P <.001) (P <.01) (NS) (P <.05) 
GIP, 383 + 36 1026 + 177 1510 + 134 1507 £ 123 1030 = 142 494 + 79 426 + 75 
pg/ml (P <.01) (P <.001) (P <.001) (P <.001) (NS) (NS) 
Insulin, 14=4 319 118 + 32 169 + 30 130 = 34 50 = 27 17+=5 
„U/ml (P <.01) (P <.01) (P <.001) (P <.01) (NS) (NS) 











* Values are mean response + SE. Expression of significance in all instances refers to comparison of that value with fasting value. 


noassay kit. 

Immunoreactive GIP was measured by a modification of the 
method of Kuzio and associates. ® Highly purified (stage 4) porcine 
GIP was labeled with iodine 125 according to the technique of 
Hunter and Greenwood." Antiserum to porcine GIP was produced 
in guinea pigs and found to have no demonstrable cross-reactivity 
with dexpanthenol (Motilyn), natural porcine secretin, synthetic 
glucagon, synthetic human gastrin, highly purified CCK-PZ, or 
vasoactive intestinal polypeptide (VIP).’° Serum samples of 200u] 
aliquots were determined in triplicate. Bound and free hormones 
were separated by the double antibody technique. Purified porcine 
GIP (stage 4) was used as a standard, and the lower sensitivity of 
the assay in our laboratory was 125 pg/ml of GIP in serum. 
Within assay, variance was 9.5% and between assay variance was 
17%. Standard pooled serum varied + 35 pg/ml (standard error of 
the mean [SE]) between assays. 

Results were analyzed using Student ¢ test for dependent and 
independent means. A P value of .05 or less was considered signif- 
icant. 


Results 


During the period of study, normal subjects denied any 
ill effects from ingestion of glucose and no changes in vi- 
tal signs were observed. Three of the ten V&P patients 
experienced vasomotor symptoms early after the inges- 
tion of glucose. Each complained of light-headedness and 
two had a mild tachycardia. No patient had nausea, vomit- 
ing, abdominal cramps, or diarrhea. 

Normal Subjects.—Mean serum glucose, GIP, and IRI re- 
sponses for the 21 normal subjects are summarized in 
Table 1. Parallel changes occurred in serum glucose, GIP, 
and IRI levels (Fig 1). The mean fasting serum glucose 
concentration was 73 +2 mg/100 ml and increased to 
109 + 4 mg/100 ml (P<.001**) within 15 minutes. The 
mean fasting serum GIP was 319 + 18 pg/ml, increased to 
414+ 45 pg/ml (P<.05) by five minutes, and to 589 + 53 
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pg/ml (P<.001) by 15 minutes. The mean fasting IRI of 
lluU/ml + luU/ml increased to 20uU/ml + 3uU/ml 
(P<.05) as early as five minutes, and the peak mean re- 
sponse of 85uU/ml + 10uU/ml (P<.001) occurred at 30 
minutes. The mean glucose and IRI levels peaked at 30 
minutes and then declined in parallel, returning to fasting 
levels by 180 minutes. The GIP response was comparable, 
with some notable exceptions. At 30 minutes, mean serum 
GIP had reached 674 + 60 pg/ml (P<.001), and a response 
of 683 + 58 pg/ml (P<.001) was recorded at 60 minutes. 


_ The peak GIP response for individual subjects occurred as 


follows: three at 15 minutes, nine at 30 minutes, and nine 
at 60 minutes. The mean serum GIP declined to 602 + 60 
pg/ml by 120 minutes but remained above fasting levels 
at 416 + 43 pg/ml at 180 minutes. 

Vagotomy and Pyloroplasty Patients.-The mean serum 
glucose, GIP, and IRI responses of the ten V&P patients 
are summarized in Table 2. The mean fasting serum glu- 
cose concentration was 82+ 3 mg/100 ml, increased to 
97 + 2 mg/100 ml within five minutes, 155 + 8 mg/100 ml 
within 15 minutes, and peaked at 203 + 10 mg/100 ml at 
30 minutes (Fig 2). Thereafter, the mean glucose concen- 
tration declined, reaching 68 + 5 mg/100 ml at 180 min- 
utes, a level significantly (P<.05) lower than fasting. A 
mean fasting serum GIP of 383 + 36 pg/ml increased to 
1,026 + 177 pg/ml (P<.01) within five minutes. The peak 
mean GIP response of 1,510 + 134 pg/ml (P<.001) oc- 
curred at 15 minutes. Mean GIP remained high at 
1,507 + 123 pg/ml (P<.001) at 30 minutes, but subse- 
quently declined to a level of 426+ 75 pg/ml at 180 min- 
utes, a value not significantly different from fasting. The 
mean serum IRI increased from a fasting of 14uU/ml 
+ 4uU/ml to 31uU/ml + 9uU/ml (P<.01) within five min- 
utes. At 15 minutes the IRI had reached 118uU/ml + 32uU/ 
ml (P<.01) and subsequently peaked at 169uU/ml + 30nU/ 
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Fig 1.—Serum GIP, glucose, and IRI response of 21 normal subjects to ingestion of 75 gm glucose; mean values + SE. 


ml (P <.001) at 30 minutes. The mean serum IRI then de- 
dined to 130uU/ml + 34J/ml, 50uU/ml + 27,U/ml, and 
17uU/m! + 5aU/m! at 60° 120, and 180 minutes, respec- 
tively. 

The glucose, GIP, and imsulin responses of V&P pa- 
tients were compared to those of normal subjects. All sub- 
jects, V&P aad normal, had Zasting serum glucose concen- 
trations within normal range. When compared with the 
response of norma! subjeets, the mean serum glucose con- 
centration of V&P patients was significantly (P<.001) 
higher at five, 15, and 30 minutes. The mean GIP response 
of V&P patents was significantly greater than the re- 
sponse of normal subjects az five (P<.05), 15 (P<.001), 30 
(P<.001), and at 60 (P<5) minutes (Fig 3). When com- 
pared to normal subjects, the mean serum IRI of V&P pa- 
tients was greater throaghout the first 60 minutes of 
study but orly at 30 mimutes was the difference statisti- 
eally signifieant (P<.01). 


Comment 


The discovery and characterization of GIP began when 
Brown and his colleagues analyzed a partially purified 
preparation or porcine CCK-PZ and found evidence for 
the existence of a gastrie inhibitor distinct from CCK-PZ 
and secretin.’ This sabstance was subsequently ex- 
tracted from poreine intestine, purified, and termed GIP. 
Poreme GIP is a 43 amino acid polypeptide similar in 
structure to porcine glueagon and secretin.'*° However, 
the I7C-terminal residue of GIP is not common to any 
other known intestinal polypeptide. 
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Initial studies in dogs demonstrated exogenous GIP to 
be capable of inhibiting acid secretion in response to his- 
tamine, pentagastrin, and insulin hypoglycemia.’ The 
ability of GIP to inhibit histamine-stimulated acid secre- 
tion and the degree of inhibition satisfied the necessary 
criteria for a claim that this polypeptide could be the en- 
terogastrone released when fat enters the duodenum. 

Since GIP was isolated from crude CCK-PZ, additional 
potential physiological properties were suggested by re- 
view of the recorded findings of studies of CCK-PZ. Rela- 
tively crude preparations of CCK-PZ (10%) were known to 
have the capacity to stimulate insulin secretion and pro- 
duce significant improvement in glucose tolerance during 
intravenous infusions of glucose of two hours’ dura- 
tion.'*:'" However, studies in rats demonstrated that the 
insulinotropic effect of 10% CCK-PZ could not be repro- 
duced with highly purified (“pure”) CCK-PZ.'* Thus, the 
possibility that GIP was responsible for the insulinotropic 
effects of crude CCK-PZ was suggested. Dupre et al subse- 
quently demonstrated in normal man that purified porcine 
GIP administered intravenously with glucose augmented 
insulin secretion and improved glucose tolerance.’ 

The idea that gastrointestinal humoral factors stimu- 
late the secretion of insulin has been held since early in 
the century. McIntrye et al, in 1964, reported that the in- 
sulin response to orally administered glucose was higher 
than that to glucose given intravenously.’ This observa- 
tion has been repeatedly confirmed. It appears that the 
difference in insulin secretion is due to gastrointestinal 
hormones, and the term “enteroinsular axis” is frequently 
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used. Yet no conclusive evidence has been presented that 
would clearly favor one of the known gastrointestinal hor- 
mones over the other. Data now accumulating in several 
laboratories would suggest that GIP may play an impor- 
tant role in the enteroinsular axis. 

Fasting and postprandial GIP levels in normal subjects 
have been measured by Kuzio and associates using a 
newly developed, specific radioimmunoassay.” Fasting 
values of 85 to 500 pg/ml rose to over 1,200 pg/ml follow- 
ing a meal. Similar human fasting GIP values have been 
recorded by Cataland and his colleagues during their stud- 
ies of GIP stimulation by orally administered glucose. 
They found oral glucose to be a potent stimulus for the en- 
teric release of GIP. In contrast, intravenously adminis- 
tered glucose did not stimulate GIP release. 

The mechanism by which orally administered glucose 
liberates GIP from the proximal part of the small intes- 
tine remains to be defined. Glucose per se may be the ac- 
tual stimulus. On the other hand, GIP stimulated by orally 
administered glucose may be released by an intermediate 
humoral or neural mediator. Release of GIP does not ap- 
pear to be an osmotic phenomenon or the result of duode- 
nal distention since intraduodenal infusions of saline and 
of mannitol fail to stimulate secretion of GIP. 

Knowledge of the apparent role of GIP in normal glu- 
cose homeostasis suggests the possibility that GIP secre- 
tion may be primarily or secondarily altered in some dis- 
orders in which carbohydrate metabolism is abnormal. 
One such abnormal state is the iatrogenic alteration in 
glucose metabolism that all too often follows operations 
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for peptic ulcer. Multiple mechanisms have been proposed 
to explain the glucose intolerance of these patients.” 
Rapid gastric emptying may be, in part, responsible. How- 
ever, in gastrectomy subjects it does not seem to be a ma- 
jor determinant. Breuer and his associates have demon- 
strated persistence of postprandial hyperglycemia when 
the factor of gastric emptying is eliminated by the intra- 
jejunal administration of glucose.: Similar studies of V&P 
patients are needed to assess the factor of gastric empty- 
ing in their postoperative glucose intolerance. 

From our current knowledge of vagal influences, it ap- 
pears unlikely that glucose intolerance is induced by the 
direct effect of vagotomy on the release of insulin, gastrin, 
or secretin. In dogs, vagotomy causes a reduction in fast- 
ing IRI while electrical stimulation of the distal segment 
of the severed vagus nerve produces a transient rise in 
IRI. In man, a transient early rise in IRI produced by 
methacholine chloride injection may be abolished by the 
administration of atropine.” Potential additional, but in- 
direct, effects of truncal vagotomy on glucose metabolism 
include a reduction in the secretion of gastrin and secretin 
(decreased duodenal acidification), both known to have the 
capacity to stimulate the release of small amounts of insu- 
lin. Finally, with respect to the possible role of vagotomy, 
if rapid gastric emptying is a factor in the abnormal glu- 
cose metabolism, then the rapid emptying of liquids that 
follows vagotomy of the gastric corpus may be impor- 
tant.” 

In this study, V&P patients given orally administered 
glucose were found to have the expected early and exag- 
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gerated increase in blooc glucose with a subsequent de- 
cline to levels significantly below fasting (Fig 2). The 
early mean GIP response of V&P patients was similarly 
increased and paralleled zhe glucose response as it did in 
normal subjects. Of signal importance was the exagger- 
ated early insulin response with a significant elevation of 
the peak mean insulin response as compared to normal 
subjeets. The pathophysologic mechanisms responsible 
for this exaggerated insu_in response are only conjectural. 
However, the associated eugmented secretion of GIP sug- 
gests the insulinotropic role of GIP not only persists but 
appears to b2 magnified after V&P. If so, GIP may be in 
part responsible for the postprandial hypoglycemia recog- 
nized clinically as the “late phase” of the dumping syn- 
drome. The mechanisms responsible for the augmented 
GIP response to orally administered glucose after V&P 
have not been defined. 


This investigation was suppomed in part by Bremer Foundation grant 
21532-7308, National Institute əf Arthritis and Metabolic Disease grant 
5T01-AM05118--7, National Institutes of Health grant RR-34, and grants 
from General Clinical Research Centers Program and John A. Hartford 
Foundation, Inc 

John C. Brown, PhD, provided antiserum and highly purified GIP for this 
study. 
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Discussion 


STANLEY R. FRIESEN, MD, Kansas City, Kan: This article is im- 
portant to our understanding of foregut endocrine regulation. It 
is important for a number of reasons. These studies have been 
done with the newest of the polypeptides, GIP, which is supposed 
to have a source both in the gut and in the pancreas. It is impor- 
tant in showing again how an exocrine substance in the gut and in 
the blood can affect the release of polypeptide hormones much like 
gastric hydrochloric acid absence or presence in the stomach af- 
fects the release of gastrin, and like the serum calcium concentra- 
tion affects the release of calcitonin and parathormone. It is im- 
portant because it gives further evidence of a homeostasis of 
endocrine regulation of the foregut, and it is evidence of an en- 
teroinsular axis described by Unger. 

I would like to relate some of our studies, although they do not 
relate specifically to GIP. We have studied 58 patients preopera- 
tively and postoperatively, all of whom were given oral and intra- 
venous glucose tolerance tests, many of whom were given glucose 
by gut and by vein in the presence of an acidified duodenum or an 
alkalinized duodenum. The data from the first 21 of these patients 
were put in the computer by Dr. Bolinger for analysis, and in 
these 21 patients we found that there is an increase in the serum 
gastrin level that follows a peak of immunoreactive insulin. In the 
paper we have just heard the GIP peak was before the insulin 
peak, and this suggests to me that the GIP comes from the gut 
rather than the pancreas. 

Our second finding was that the serum gastrin peak is higher in 
patients who have glucose intolerance, that is, those patients who 
have had a V&P or a vagotomy and antrectomy or any procedure 
that decreases the gastric emptying time, or in obese patients. In 
any patient who has an intolerance to glucose there is a signifi- 
cantly higher level of serum gastrin and serum insulin than in 
normal or preoperative patients. 

Furthermore, we found that the increase in serum gastrin level 
is also significantly higher when the glueose is given intrave- 
nously, which suggests a pancreatic origin rather than a gastric 
origin for gastrin in such situations. The sequence of events dur- 
ing oral glucose tolerance tests also indicates that the increased 
serum gastrin is of pancreatic origin. It occurs late after empty- 
ing and after the insulin peak, in contrast to the results of the 
study we have just heard regarding the peak of GIP. 

So, putting it all together, I think there is further evidence that 
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an enteroinsular axis exists and that foregut homeostasis is pres- 
ent in normal patients and is exaggerated in patients who have 
rapid gastric emptying. The source of gastrin at least, if not GIP, 
appears to be in the pancreatic islets when glucose is adminis- 
tered. 

DANIEL W. ELLIOTT, MD, Pittsburgh: This paper is exceptionally 
important. I attach this importance to it because of the successful 
use of the radioimmunoassay for GIP and the demonstration of 
fairly characteristic physiologic responses by this hormone to a 
normal meal in normal people and in patients who have had V&P. 

The GIP is one of two presently known substances that are true 
enterogastrones. The other is vasoactive inhibitory peptide, which 
is quite distinctly different chemically, does not overlap in the ra- 
dioimmunoassay, and has vasomotor properties in addition to in- 
hibition of gastric acid. Both of these substances are distinctly 
different from other known duodenal inhibitors of gastric acid, 
such as secretin and cholecystokinin. These two new substances 
will inhibit gastric acid stimulated by histamine, and neither se- 
cretin nor cholecystokinin will do this. 

The radioimmunoassay is all we really have needed to demon- 
strate a physiologic role for GIP. Except for two articles cited that 
are still in press, I think this is the best current demonstration of 
a physiologic response to a meal by this hormone. 

In some of the disease states we encounter as surgeons, GIP can 
be exceptionally important. A few years ago we were interested in 
the gastric acid response to missing pancreatic enzymes. The ab- 
sence of pancreatic enzymes from the duodenum can induce con- 
siderable gastric hypersecretion. In the curve of acid output in the 
dog who has no pancreatic enzymes due to total obstruction of his 
pancreatic ducts, the major portion of acid output occurs late after 
a meal. What is missing is a stimulus that turns off acid. We al- 
ready know from the radioimmunoassays of gastrin that this hor- 
mone does not account for this prolonged acid secretory phase. We 
have assumed that GIP or vasoactive inhibitory peptide or both 
are missing, and could account for this phenomenon. Exactly the 
same thing happens in the short-bowel syndrome after massive 
intestinal resection, in which stools become acid and malabsorp- 
tion occurs secondary to hypersecretion of acid. In both situations 
an intestinal inhibitor of acid is missing, which has not been 
clearly identified so far. Therefore, I think the hormone responses 
described by Dr. Thomford are going to be exceptionally impor- 
tant to the development of understanding in this important surgi- 
cal field. 

I would ask Dr. Thomford whether or not he has had an oppor- 
tunity to measure GIP in ulcer patients before operation? In addi- 
tion, if I am correct about this theory, then GIP should respond to 
fat even more significantly than it does to carbohydrate, and I 
would like to ask Dr. Thomford if that is true. 

Dr. THomroRrD: We thank Dr. Friesen for his comments. We are 
especially grateful to Dr. Elliott for reviewing our manuscript and 
for his comments and questions. 

We do not have any data on preoperative GIP measurements in 
ulcer patients. However, data from a prospective study of preop- 
erative and postoperative GIP levels in peptic ulcer patients are 
accumulating in Dr. Cataland’s laboratory. Our preliminary stud- 
ies of fat suggest it may be equal to or more potent than glucose 
as a stimulus for GIP secretion. 

There is an additional bit of information available to suggest 
GIP secretion does precede insulin release, a temporal relationship 
one might expect if GIP is in fact a physiological releasor of insu- 
lin. We have measured portal venous GIP and insulin in response 
to orally administered glucose in a patient with nutritional cir- 
rhosis who was being studied for portal hypertension. At two min- 
utes, portal venous GIP was elevated but insulin remained at fast- 
ing levels. 
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FLUOTHANE (halothane) has been ad- 
ministered over 100 million times in a wide 
variety of surgical procedures. 100 million 
_..extensive usage and evaluation that 
attests to FLUOTHANE as the most widely 
used inhalant anesthetic. 

Since it was first introduced, over 
4 000 papers worldwide have been pub- 
lished, ranging from review articles to 
in-depth studies. 4,000 papers... 
a'bibliographic record of note on the most 
widely used inhalant anesthetic. 

Ina continuing program of informa- 
tional services on anesthesiology, Ayerst 
provides printed and audiovisual aids 
reflecting the opinions and experiences of 
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è early obtundation of pharyngeal and 
laryngeal reflexes facilitates intubation 


è lessens airway problems 

@ permits rapid adjustment of depth of 
anesthesia 

@ emergence is rapid and tranquil with 
quick recovery of protective reflexes 

e minimal nausea and vomiting, shorter 
recovery room stay 
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Description. FLUOTHANE, brand of halo- 
thane, is an inhalation anesthetic. It is 
2-bromo-2-chloro-1, 1, 1-trifluoroethane 
and has the following structural formula: 
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The specific gravity is 1.872-1.877 at 
20° C., and the boiling point (range) is 
49° C.-51° C. at 760 mm. Hg. The vapor 
pressure is 243 mm. Hg at 20° C. The 
blood/ gas coefficient is 2.5 at 37° C., and 
the olive oil/ water coefficient is 220 at 
37° C. Vapor concentrations within anes- 
thetic range are nonirritating and have a 
pleasant odor. FLUOTHANE is nonflam- 
mable, and its vapors mixed with oxygen 
in proportions from 0.5 to 50 per cent 
(v/v) are not explosive. 

FLUOTHANE does not decompose in 
contact with warm soda lime. When mois- 
ture is present, the vapor attacks alumi- 
num, brass, and lead, but not copper. 
FLUOTHANE is soluble in rubber, some 
plastics, and similar materials; such ma- 
terials will deteriorate rapidly in contact 
with FLUOTHANE vapor or liquid. Stabil- 
ity of FLUOTHANE is maintained by the 
addition of 0.01 per cent thymol (w/w), 
and storage is in amber colored bottles. 

FLUOTHANE should not be kept indefi- 
nitely in vaporizing bottles not specifically 
designed for its use. It is recommended 
that vaporizers be emptied at the end of 
each operating day. Thymol does not vol- 
atilize along with FLUOTHANE, and there- 
fore accumulates in the vaporizer, and 
may, in time, impart a yellow color to the 
remaining liquid or to wicks in vaporizers. 
The development of such discoloration 
may be used as an indicator that the va- 
porizer should be drained and cleaned, 
and the discolored FLUOTHANE (halo- 
thane) discarded. Accumulation of thy- 
mol may be removed by washing with 
diethyl ether. After cleaning a wick or 
vaporizer, make certain all the diethyl 
ether has been removed before reusing 
the equipment to avoid introducing ether 
into the system. 

Actions. FLUOTHANE is an inhalation 
anesthetic. Induction and recovery are 
rapid and depth of anesthesia can be 


rapidly altered. FLUOTHANE progres- 
sively depresses respiration. There may 
be tachypnea with reduced tidal volume 
and alveolar ventilation. FLUOTHANE is 
not an irritant to the respiratory tract, 
and no increase in salivary or bronchial 
secretions ordinarily occurs. Pharyngeal 
and laryngeal reflexes are rapidly ob- 
tunded. It causes bronchodilation. Hy- 
poxia, acidosis, or apnea may develop 
during deep anesthesia. 

FLUOTHANE reduces the blood pres- 
sure, and frequently decreases the pulse 
rate. The greater the concentration of the 
drug, the more evident these changes 
become. Atropine may reverse the brady- 
cardia. FLUOTHANE does not cause the 
release of catecholamines from adrener- 
gic stores. FLUOTHANE also causes dila- 
tion of the vessels of the skin and skeletal 
muscles. 

Cardiac arrhythmias may occur during 
FLUOTHANE anesthesia. These include 
nodal rhythm, AV dissociation, ventricular 
extrasystoles and asystole. FLUOTHANE 
sensitizes the myocardial conduction sys- 
tem to the action of epinephrine and 
norepinephrine, and the combination 
may cause serious cardiac arrhythmias. 
FLUOTHANE increases cerebral spinal 
fluid pressure. FLUOTHANE produces 
moderate muscular relaxation. Muscle 
relaxants are used as adjuncts in order to 
maintain lighter levels of anesthesia. 
FLUOTHANE augments the action of non- 
depolarizing relaxants and ganglionic 
blocking agents: FLUOTHANE is a potent 
uterine relaxant. 

Indications. FLUOTHANE (halothane) is 
indicated for the induction and mainte- 
nance of general anesthesia. 
Contraindications. FLUOTHANE should 
be avoided when a previous exposure was 
followed by fever and jaundice, or when 
there was an unexplained postoperative 
fever. 

FLUOTHANE is not recommended for 

obstetrical anesthesia except when uter- 
ine relaxation is required. 
Warnings. FLUOTHANE should be used in 
vaporizers that permit a reasonable ap- 
proximation of output, and preferably of 
the calibrated type. The vaporizer should 
be placed out of circuit in closed circuit 
rebreathing systems; otherwise overdos- 
age is difficult to avoid. The patient 
should be closely observed for signs of 
overdosage, /.e., depression of blood pres- 
sure, pulse rate, and ventilation, particu- 
larly during assisted or controlled ventila- 
tion. 

Usage in Pregnancy: Safe use of 
FLUOTHANE has not been established 
with respect to possible adverse effects 
upon fetal development. Therefore, 
FLUOTHANE should not be used in 
women where pregnancy is possible and 
particularly during early pregnancy, un- 
less, in the judgment of the physician, 
the potential benefits outweigh the un- 
known hazards to the fetus. 
Precautions. Cirrhosis or other abnormal- 
ities involving liver dysfunction, including 
a history of viral hepatitis, may be a 
basis for selecting an anesthetic other 
than a halogenated agent. 


The uterine relaxation obtained with 
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may fail to respond to ergot derivatives 
and oxytocic posterior pituitary extract. 

FLUOTHANE increases cerebrospinal 
fluid pressure. Therefore, in patients with 
markedly raised intracranial pressure, if 
FLUOTHANE is indicated, administration 
should be preceded by measures ordin- 
arily used to reduce cerebrospinal fluid 
pressure. Ventilation should be carefully 
assessed, and it may be necessary to as- 
sist or control ventilation to insure ade- 
quate oxygenation and carbon dioxide 
removal. 

Epinephrine or norepinephrine should 
be employed cautiously, if at all, during 
FLUOTHANE (halothane) anesthesiasince 
their simultaneous use may induce ven- 
tricular tachycardia or fibrillation. 

Nondepolarizing relaxants and gangli- 
onic blocking agents should be adminis- 
tered cautiously, since their actions are 
augmented by FLUOTHANE. 

Adverse Reactions. The following adverse 
reactions have been reported: hepatic 
necrosis, cardiac arrest, hypotension, 
respiratory arrest, cardiac arrhythmias, 
hyperpyrexia, shivering, nausea, and 
emesis. 

Dosage and Administration. FLUOTHANE 
may be administered by the nonrebreath- 
ing technic, partial rebreathing, or closed 
technic. The induction dose varies from 
patient to patient. The maintenance dose 
varies from 0.5 per cent to 1.5 per cent. 
How Supplied. No. 3125—Unit packages 
of 125 cc. and 250 cc. of halothane sta- 
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Extended Surgical Adjuvant Thiotepa 
for Mammary Carcinoma 


William L. Denegan, MD 


A clinical trial was conducted to evaluate protracted systemic 
thiotepa as an adjuvant to raeical mastectomy for treatment of oper- 
able carcinoma of the breast Patients were randomized to have the 
operation (cortrols) or the operation plus a year of adjuvant therapy 
beginning at the time of surgery. Seventy-five controls and 90 
‘treated patients have been chserved from one to ten years. It was 
not possible to establish fram this trial that thiotepa used in this 
manner was of value as a surgical adjuvant. Local recurrence was re- 
duced but recurrence overall-was not altered, either in its frequency 
or time of appearance. A netable trend associated with treatment 
was improved disease-free survival among treated patients without 
axillary metastases, suggesting that the adjuvant may be most effec- 
tive when residual cancer is minimal. 


A prospective clinical trial was begun at the 
Ellis Fischel State Cancer Hospital (EFSCH) in 1963 

to determine whether protracted treatment with the alky- 
lating agent triethyleneshiophosphoramide (thiotepa) as a 
surgical adjuvant eould improve the results of radical mas- 
tectomy for cancer of the breast. The drug was used with 
the intention of cestroving the implantable cancer cells 
and occult distant metastases that are responsible for 
postoperative recurrence. In an early publication report- 
ing the progress of the study, fewer recurrences were 
noted among patients receiving the adjuvant than among 
controls.! A review after ten years fails to substantiate 
significant (P<.05) reduction in recurrence or mortality. 


Materials and Methods 


Only female patients admitted to the EFSCH with “operable” 
carcinoma o? the breast were eligible for the trial. Initially entry 
was connec to patients with histological grade 3 adenocarcinoma 
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as described by Butcher, or with clinically involved axillary lymph l 


nodes, but in 1964 it was expanded to include all women with re- 
sectable breast cancers.? The cancer had to be previously un- 
treated, unilateral, and invasive. Patients with previous or simul- 
taneous cancers (other than nonmelanotic cancer of the skin or in 
situ carcinoma of the cervix uteri) or patients who were pregnant 
were not acceptable. All were treated with a standard radical 
mastectomy and no radiation or adjuvants other than the pre- 
scribed thiotepa. The decision to administer the thiotepa was 
made at the time of surgery according to a table of random num- 
bers. Patients with odd numbers (the treated group) received 0.4 
mg/kg of thiotepa intravenously during the operation followed by 
0.2 mg/kg on the first and second postoperative days. Those with 
even numbers (the control group) received no adjuvant nor pla- 
cebo. After discharge from the hospital, treated patients received 
0.2 mg/kg intramuscularly or intravenously for a period of one 
year. Each injection was preceded by a complete blood count and 
was omitted if the white blood cell was below 3,000/cu mm or the 
platelet count below 100,000/cu mm. The drug was discontinued if 
the patient developed recurrent cancer. 

Patient accrual continued until February 1972, but examina- 
tions of all patients have continued at regular intervals in the hos- 
pital clinic. This review updated the data to July 1973. Recurrence 
and survival rates were compared for significant differences. 


Results 


A total of 217 patients were assigned to the study, 125 
to the treated and 92 to the control group. Fifty-one pa- 
tients (23.5%) were disqualified for the reasons shown in 


Table 1.—Entries and Exclusions: July 1973 


Thiotepa Controls 
Total entered 


Total excluded 
Simultaneous cancers 


Omission of thiotepa 
Nonprotoco! operation 
Ineligible malignant neoplasm 
Nonprotocol adjuvant 
Operative death 

Total qualified 
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Table 2.—Course of Adjuvant Thera py During First Postoperative Year 





During Postoperative Postoperative Weekly Maintenance 
Surgery Day 1 Day 2 Interval Thiotepa Injections 
(0.4 mg/kg) (0.2 mg/kg) (0.2 mg/kg) Days (0.2 mg/kg) 

Xx xX x 6 xT Key 

—- e E a svete 

x : k L ————— p Low platelet count % Missed injection 

Allergy O Clinic visit; 

x xX x 15 XXX X **#*O = Lost contact Protocol abandoned 

x x x 34 XXXXXXXXX@ A Miscellaneous 

x Xx xX 15 XXXXXXXXXXT 

Xx x Xx 14 XXXXXXXXXAXX@ 

EEO KN A E E O DT tn in an 
TERESIE a A IB TEEST TET SEEE TA A EAEE p ET PIIA O 
Lo R eee K Ae OI E 
nOon a a ETTE SETE STEE ESETA E T am EE CENTAS 
NE Sa aa aE L ESTELI EEES EET IEEE E POE en EAT 
So RO esse K SD IRAIA A R 
BX ER A K T OORO e 
fue Xoo) aE E TM 2 Be OIIO A ae 

x xX x 22 X##XXXXKXKK#XKK#EXKXXK FFF@ 

x x x 20 XKXKKKK KKK KK EEK KEK KK EEK 

x x xX 34 X@@@ @@@ @@@@@@ @@@@@@@@@@@@ @Recurrence 

x x x 31 XXX XKX XK KK K FH HH a Eee Recurrence 

x x x 22 XXXXXXXXXXXXXXXXXXXXXXXXX@ 

xX x x 21 XK FREE REXXK XK KX KK *X KK FH HHH See Recurrence 

x x x 14 XX KK YX XK KKK KKK KKK KK KKK KKK KKK KKE@ 

x x x 34. XXXXXXxKXXXKKEX KAAAAAAAAAAAAKKKKOQ T ae 
HDT eat KE COC ESOS MAA MARA AKAD AAA 
ee ee rats K O BB ORRIN OSG OMG Ra Or ae 

x x x 18 XK KKK KKK KKK KKK KV KKK KKK K%XKKAEEKKKXKK@ 

xX X x 80 oe Co eee aaa UO 

x x x 14 XX XXKK KK KKK KK KKK FeKKK KKK KKK KKK KK KKK KO 

xX Xx x 18 XXX XK K KKK KKK KKK KKK KKK KKK KK HH KEK XK &K & XK & Recurrence 

x x xX 16 XXXXXXXXXXXXXAAAAXXXXXXXXXXXXXXXXXXXX 

xX x x 27 KKK KKK KKK KKK KKK KKK KK KEK KK KKK KEK KKK SS 

x xX x 23 XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

xXXXXRecurrence 

x x x 16 XXX KKK KKK KKK KKKKKK KKK KKK KKK KKKKKKKKK KKK KK 

x xX xX 48 XXXXXXXXXXXXXAXXXXXXXX#XXXXXXXXXXXXXXXXXXX 

X X X 16 XXX XbA KKK XK KX KKK KEK HEX KKK HHH HARE 

x xX x 14 XK K* KK EK KK KK HHH KH EX KEK EEX KKK KEK KKKEHEXKK 

x x x 16 XXX KKK KKK KKK KKK KKK KKK KKK KKK KK KEXKKKKK 

XXX XX & Recurrence 

x x x 15 XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX Ekk 

x X X 23 XX KK KK KKK KKK KKK KKK KKK KKK KKK KKK KK KEK KKK KK KH 

x x x 45 XK KK KEK KKK KK KKK KKK KK KK KEK KKK KK K= KKK HFK HF KFS 

x x x 15 XXKXK%XKXKXK%%% XX XKKK XK KKK KAAAAK KK KK KK KK KKK 

xX x x 16 KKK KKK KK KK KK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK RK 

Xx x x 16 XK XK KK KKK KKK K KKK KK KKK KKK KKK KKK RK KKK KKK KEKKKKK 

X x x 14 XXXXXXXXXXXXXXXXX*Ž*XXXXAAAAXXXXXXXXXXXXXXX 

xXRecurrence 

x xX x 31 XK KKK XK KKK KKK KKK EK KK KKK KEK KKK FE REREX KKK 

xXXXX& Recurrence 
x x xX 19 XXXXXXXXAAXXXXXXXXXXXČIXXXXXXXXXXXXXXXXXXXXXXX 
Xx X x 52 XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
XXX # 

x x x 19 XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXFXXXXIEXXX 

Xx x x 26 XX * * AAAA AAAAAAAAX XX K F# FE XX KX FFHFHEFFHEFEKEH HEE E EFF 

x xX x 24 KKK KKK KKK KKK KK KK KK KKK KKK KK KK KKK KKK KKK EEK KKK KK 

x Xx xX 15 KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KK KSEE 

xX x x 15 XK XK XX KK KEE EK KK KEE KK KKK K KK K EE KK K Ket 

t+ 

xX x x 18 XXX XK ## XK KKK KFK KKK KKK KKK KKKKKK KKK KKK EHHHEX KKK 

x xX x 17 XK KKK KKK KK KK KKK KKK KKK KKK KKK KKK KKK KHKEKK KKK KH KE 

xX x x 53 XXXXXXXXXXXXXXXXXXXXXXXXXXXXXËXXXX###XXXXXXXXX 
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Table 2.—Course of Adjuvant Therapy During First Postoperative Year (Continued) 


During Postoperative Postoperative 


eh E 


a a on he Te TT wy eyw rs: ¥ eT TTS TO? Le AE 
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e O Pe vn nn Se eat he TT eTeTee Fe) wh T E ST E, 


PS ee em eS ek Pe ena PLES eS REL EI it hit hte ihe aaah eS SS ee eee area eae 


Surgery Day 1 
(O44 mg/kg) (0.2 mg/kg) 
x x 
x x 
x x 
xX x 
Xx x 
x x 
x x 
x x 
x x 
x x 
x x 
x x 
x x 
x x 
x x 
x Xx 
x x 
x x 
x XxX 

x 

x 
x x 
x x 
x x 
x x 
x x 
x x 
x x 
x x 
x xX 
x x 
x XxX 
x x 
Xx x 
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Day 2 Interval 
(0.2 mg/kg) Days 

x 8 
x 28 
x 20 
x 13 
x 24 
x 27 
X 15 
x 17 
x 16 
x 16 
x 28 
x 13 
x 41 
X 20 
x 13 
x 15 
x 32 
x 16 

39 

28 
x 28 
x 18 
x 17 
x 15 
x 16 
x 16 
x 14 
x 17 
x 30 
x 33 
x 15 
x 43 

14 
x 20 


Weekly Maintenance 
Thiotepa Injections 
(0.2 mg/kg) 

KKKKKKKKKKKKKXKKKKKKKKKKK KKK KKK KKK KKK K KRM KK 
KH 
KXXKKKKKKK KK KKK KKK KKK KKK KK KK KK KKK KKK KK MR MMM 
XXXXX 
LXXXXXXEXXXXXXXXXXXXXEFPEPPFEFEEFEFEEEEEEFEEEEF 


T XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 


XXXXX# 
KXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXKXXX 
XXXXXX 
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXK*XKXXKXXXXXX 
XXXXXX 
XXXXXXXXXXXXXXXXXXXXXXXXXXXXËXXXXXXXXXKKEEE EEE 
em 

XXXXKXKKKKKKKKKKKK KKK KKK KKKKK K KK KKK K KKK KKK 
XXXXXX 

XXXKXKKKKKXKKKKKKKK KK KK KEEEEEK KKK KK KKK KKK 
XXXXXX##F 

XXX KKK KKKKKKKKKKKK KK XK K EX HHH HHHHK X FX XXX KKK 
XXXXXX 

KKXKKKK KKK KKH KKKK KK XX KK KK KKK K FHHHHHHK XK KKK HHH HF 
##F 

XXX KAAAAKKXX KX XXX FX KK*KXKKKXKKKXKXKXKKEXKK FHF HHH HF 
##EF 

xXXXXX KK KKK KKK KK KK KKK KKK KKK KKK KKK No K KKK KKK 
XXXXXXX* 
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
XXXXXX# 
XXXXXXXXXXXXXHPWPXXXXXXXXXXXXXXXXXXXËXXXXXX 
XXXXXX 
XXXXXXXXXXXXXXXX*ŤXXXXXXXXXXXXXXXXXXXXXXXX 
XXXXXXXXX 
XXXXXXXXHPPPPXXXXXXX*XXXX*ŤXXXXEXAAXXAAXXXXXX 
XXXXA 


XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX*XX 
XXXXXXKT09 


XXXKKLEEK KKK FHHHHEEHHEHEEF HERE EFEX XXX XX XFHHSHHHE HEEF 
xXx XX KKKKKK KKK KKK KKK KKK KKK KKK KKK KKK KAK KKK 
XXXXXXXXX 


XXXXXXXXXXXXXFXXXXXXXXXXXXXXXXXXXXXXXXXXX 
XXXXXXXXX 

xXXxXxXXKXXK*XXKXK KK KK FHKK K*KKK KEK KF EKKKKK FFF 
KERRY EXKK KE 


KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KK KKK HHH 
me k ok 


XXXXXXXXX*ŽEXXXXXXXXXXXXXXXXEFFEFEFFFFFFFFFXX 
XXXXXX 

ee TA KXXXXXŽEREXKXKXKXXXXXEXP#EFEFEFEFFEEEEEF 
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
XXXXXXXXXXX 

KEE HHH XK XK KKK KKK KK EXKKHHHH HEHE HHH 
###XXXXXXXX 


xxXxXXXKXXXXKK KKKK KK KKK KKK KKK KKK KKK KKK KKK KKK 
XXXXXXXXÝXXXX 


xxxXXXKKEKXKKKK% KKK KKK KKKK*XKK KKK KKK KKK KKK KKK 
SHERRY HF 


XXXKKXKKX KK EXKXKEXK EX EEK KEK K HEX FHHE HEHEHE EE FEFEE EEE 
FEEEFEX 


xxxXxxxKKXXXKKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK 
XXXX XXX **KKXKXKXXK 


KKKXKKKKKKKKK KKK KKK KK KKK KKK KKK KK KK KKK KKK KK X 
XXXXXXXX HHH RRRHEX XX X HH a a 


KKK KKK KKK KK KKK KK ESSERE EE EEE ETERS TEESE REESE 
SHREK RRESEEEEYYKKKKXKXKX 


xXXXXX%%L%%%%% %%%% MV Vo X XX XK KKK KKK KKMK KK 
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
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Fig 1.—Cumulative recurrence after radical mastectomy with (90 
patients, squares) and without (76 controls, circles) prolonged thio- 
tepa at EFSCH in 1973. 
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Fig 2.—Disease-free survival after radical mastectomy for mam- 
mary carcinoma with (90 patients, circles) and without (76 controls, 
squares) adjuvant thiotepa at EFSCH in 1973. 
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Fig 3.—Disease-free survival after radical mastectomy for mam- 


mary carcinoma with (circles) and without (squares) adjuvant thio- 
tepa at EFSCH in 1973. 
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Table 3.—Site of First Recurrence After 
Radical Mastectomy 


Total 31 29 


* Significant difference (P <.05). 
Tt Both include a local recurrence. 





Table 1. Thirty-five (28.0%) were eliminated from the 
treated group, leaving 90 for analysis. Sixteen (17.4%) 
were eliminated from the controls, leaving 76. No selective 
factor was evident in these exclusions except that errors 
of drug omissions were frequent in the treated group be- 
fore surgeons became accustomed to the routine of the in- 
vestigation. 

One hospital death followed mastectomy, an overall 
mortality of 0.5%. This 52-year-old hypertensive woman 
died of a myocardial infarction on the 16th postoperative 
day. The case was excluded from calculations of survival 
and recurrence. 

Table 2 presents in detail the course of treatment for 
each patient assigned to the treated group. The inter- 
val between immediate postoperative adjuvant treatment 
and the initiation of weekly injections was prolonged in 
some cases to allow resolution of wound complications. For 
a number of reasons, it was not possible to continue unin- 
terrupted weekly injections for the entire 12 months in 
each case. Thiotepa was discontinued early in 13 patients 
because of apparent drug allergy, ie, hives, itching, or 
bronchospasm. Fifty-six patients (62.0%) developed he- 
mopoietic depression during treatment. 

As randomization is defined by the method and not nec- 
essarily inherent in the results, the composition of treat- 
ment categories is pertinent. The mean age of controls 
was slightly higher than that of treated patients, ie, 62.4 
years vs 58.4 years, with ranges of 20 to 83 years and 29 to 
88 years, respectively. Only 9.2% of controls were pre- 
menopausal, compared with 22.2% of the treated group. 
The percent of cases with axillary metastases was similar 
in the two groups, 63.2% and 65.6%, but controls averaged 
1.8 fewer involved nodes per positive case (7.6 vs 9.4). No 
significant difference was found in the distribution of clin- 
ical stages (Columbia clinical classification). For control 
and treated groups they were as follows: stage A, 57.9% 
and 53.3%; stage B, 31.6% and 27.8%; and stage C and D, 
8.7% and 18.9%. A similar percent of stage A patients were 
found to have metastases in axillary lymph nodes, ie, 
45.4% and 43.8%. 

Recurrence.—As of July 1973, 31 treated patients (34.0%) 
and 29 controls (37.0%) had recurrent cancers, an insignifi- 
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eant difference, and the average free interval before re- 
eurrence was almost identical, ie, 20.4 months and 20.5 
months. The cumulative recurrence rates for the two 
groups during the ten-year period of follow-up were not 
significantly different (Fiz 1). 

Recurrence was also nct significantly different among 
patients with similer nodal status. When axillary lymph 
nodes contained metastases, 29 of 57 patients treated with 
thiotepa had recurrences (51.0%) as opposed to 28 of 46 
controls (61.0%) anc the free intervals were similar (19 
months and 21 months). Few patients without axillary 
metastases, treated or control, had recurrences, eg, two of 
23 or 6% and one of 30 3.3%, but the average free interval 
was longer in the treated group (36 vs 13 months). 

Initial sites of reeurrence are shown in Table 3. Local 
recurrence in the areas of dissection was significantly less 
frequent among patients treated with thiotepa. (P<.05). 
The chest wall accounted for 48.8% of initial sites among 
controls but only 16% ameéng those who had received the 
adjuvant. 

Survival—Adjuvant therapy did not significantly in- 
crease overall survival of patients free of cancer. The dis- 
ease-free survival (DFS) rates of controlled and treated 
groups are shown in Fig 2. 

In Fig 3 are shown the DFS rates according to the pres- 
ence or absence of metastases in the axillary lymph nodes 
removed at the time of mastectomy. Patients with ax- 
ilary metastases had almost identical DFS rates, irre- 
spective of adjuvant therapy. By contrast, the DFS rates 
of 33 patients without metastases who received thiotepa 
were considerably better taan that of 30 controls. This no- 
ticeable difference, however, could not be established with 
confidence (P>.20). The improvement was associated with 
delayed rather thar reduced recurrence in the treated 
group and a higher cancer-free death rate among controls. 
Age correction for natural mortality did not appreciably 
reduce the difference, and therefore deaths from unrecog- 
nized recurrences among controls may have been contrib- 
utory. 

The adjuvant appeared detrimental to 36 patients with 
more than three invclved exillary nodes as compared with 
26 controls, the five-year survival free of cancer being 20% 
vs 30%, but again, the difference failed to be significant. 

Second Primary Caacers.—The data did not suggest that 
protracted treatmen: with thiotepa, which is an immuno- 
suppressive agent, predisposed to the development of new 
cancers. Five patients trested with thiotepa (5.6%) devel- 
oped second cancers during the period of follow-up, ie, one 
basal cell earcinoma of the skin, one in situ carcinoma of 
the cervix, two of the opposite breast, and one lymphocytic 
leukemia. During the same period seven of 76 controls 
(9.2%) returned with new primary tumors, ie, two with ba- 
sal cell carcinomas of the skin, four with cancer of the op- 
posite breast, and ene with carcinoma of the larynx. Two 
additional controls were discovered to have subclinical 
cancers of the opposite breast on elective or “blind” 
biopsies. Whether the latter would have become clinical is 
uncertain; none in the treated group had elective biopsies. 
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Comment 


Evidence is tenuous that adjuvant chemotherapy im- 
proves the treatment of early cancer of the breast. It is 
established that the “take” of implantable tumors in ani- 
mals is reduced by exposure to cytotoxic agents, partic- 
ularly when tumor cells are few and damaged prior to or 
soon after implantation, but attempts to interpret this ob- 
servation into clinical benefits have been characterized by 
inconsistent and limited success.*° 

An early randomized trial conducted by the Nation- 
al Surgical Adjuvant Chemotherapy Breast Group 
(NSACBG) in which thiotepa was given during and for 
two days after radical mastectomy was encouraging ini- 
tially, but ultimately recurrence rates were no different 
between treated and control patients.’* Diligent search 
discovered a transient delay in early recurrence and an 
apparent improvement in survival of premenopausal 
women with metastases in three or more axillary lymph 
nodes, a subgroup comprising about 5.5% of the total 
treated. A subsequent trial using fluorouracil demon- 
strated no benefit and produced considerable morbidity.” 
In a randomized trial at the University of Illinois in which 
repeated courses of nitrogen mustard were given after 
mastectomy, premenopausal women without axillary me- 
tastases appeared to benefit most." The Scandinavian Ad- 
juvant Chemotherapy Study Group noted a trend toward 
fewer late recurrences in the adjuvant group independent 
of axillary involvement in another randomized study in- 
volving a short course of cyclophosphamide immediately 
after mastectomy.’ The difference in recurrences appar- 
ently became significant in November 1971. Finney’s ex- 
perience with adjuvant cyclophosphamide was different. 
The drug appeared to increase the incidence of recurrence 
after mastectomy among treated patients when they were 
compared with controls." 

Protracted cytotoxic treatment has logical appeal in 
view of present knowledge of tumor kinetics, and at least 
four prospective trials of prolonged surgical adjuvant 
chemotherapy for mammary cancer with single or mul- 
tiple drugs are presently underway in this country and 
abroad.“ By greatly protracting the period of treatment, 
our investigation sought to improve on the results 
achieved with thiotepa earlier by the NSACBG. The trial 
survived several changes of administrative and surgical 
staff over the course of ten years, but the toll was an un- 
equal number of patients assigned to the treatment cate- 
gories. Nevertheless, the groups remained relatively 
homogeneous, particularly with regard to the frequency 
and extent of axillary lymph node involvement. This re- 
view failed to establish a significant benefit from pro- 
tracted adjuvant therapy, either in terms of diminished 
recurrences or increased disease-free survival, but further 
maturity of the data may require different conclusions. 
The trends observed do invite certain speculations. Initial 
recurrences in the surgical area were decidedly reduced by 
treatment, suggesting that loose or circulating cancer 
cells may have, in fact, been damaged and rendered 
unable to implant in this favorable location. Established 
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metastases elsewhere apparently remained unaffected. 
Further, the tendency for patients free of axillary metas- 
tases to benefit most from therapy generates the impres- 
sion that patients whose disease is detected relatively 
early and who have little residual disease after mastec- 
tomy may be more favorable candidates for adjuvant 
chemotherapy than patients whose disease is advanced. 
Finally, although results with surgical adjuvant chemo- 
therapy to date do not justify enthusiasm, the concept re- 
mains valid. Agents yet untried and dose regimens still to 
be employed may improve on the present picture. In view 
of the potential hazards involved, their use should remain 


investigational until controlled studies provide conclusive 
answers. 


This investigation was supported by National Cancer Institute Cancer 
Center grant 08023. 


Nonproprietary Name and Trademarks of Drug 
Fluorouracil—Efudex, Fluoroplex. 
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Peptic Uleer Disease 


in the Transplant Recipient 


Panayiotis K. Spanos, MD; Richard L. Simmons, MD; Luca C. Rattazzi, MD; 
Carl M. Kjellstrand, MD; Theodore J. Buselmeier, MD; John S. Najarian, MD 


Thirty of 377 patients gave evidence of peptic ulcer disease prior 
to renal transplantation. Proohylactic vagotomy with pyloroplasty or 
antrectomy was performed on 19 of these patients prior to trans- 
plantation, and 14 cf 19 are well with transplants seven to 61 
months later; only three of these patients have had posttransplant 
ulcer complications. No planned prophylactic operation was per- 
formed in 11 patients; nine ef these patients bled in the pre- or post- 
transplant period. Only three of 347 patients without pretransplant 
evidence of ulcer bled in the posttransplant period. None of the 
patients with vagotamy-antrectomy showed evidence of recurrent 
bleeding, but patients with active ulcer disease pretransplant some- 
times had recurrences after vagotomy-pyloroplasty. One can con- 
clude that pretransplant correction of the ulcerogenic tendency 
should be carried out and that antrectomy should be considered if 
active ulcers are present in the uremic transplant candidate. 


he uremic petient is known to be a high risk for 

the complications of peptic ulceration. Uremic pa- 
tients are spontaneous hypersecretors' exhibiting both an 
increased basal o7 noctarnal acid secretion?‘ and a hyper- 
secretory response to betazole hydrochloride.’ Gastrin se- 
cretion is also inereased in uremia.* | 

The tendency to gastrointestinal (GI) tract ulceration is 
not totally relieved by hemodialysis, and patients on dial- 
ysis have an increased frequency of peptic ulceration and 
bleeding.*’** The coagulopathy of uremia and inter- 
mittent anticoagulation on hemodialysis may aggravate 
such tendencies, as does the latent hyperparathyroidism 
of chronic renal failure." 

This tendency is further enhanced in the transplant re- 
cipient by the addition of steroids that are known to 
produce upper GI traet ulceration. Starzl reported seven 
episodes of upper GI tract hemorrhage in his first 42 
transplants from related donors.” Hadjiyannakis et al? 
reported an 11.5% incidence of posttransplant GI tract 
hemorrhage anc Lewicki et al performed an upper GI 
tract series in 5] of 235 transplants, an incidence of 21.5%, 
because of pepzic ulzer disease symptoms. Moore and 
Hume" not only reported an incidence of 10% of GI tract 
ulceration and bleeding, but also concluded that emer- 
gency operation for this entity was the most lethal compli- 
cation in their transplantation patients. Hadjiyannakis et 
al reported that 45% of transplant patients with GI tract 
complications did not survive, and that 62% of transplant 
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patients with peptic ulcers complicated with hemorrhage or 
perforation died.” 

A number of investigators have recommended prophy- 
lactic surgical treatment for transplant candidates with a 
history of peptic ulceration.’ This policy has been fol- 
lowed at the University of Minnesota since 1968 (427 
transplants in 377 patients). The present report is de- 
signed to compare the results in 19 patients in whom this 
policy was followed and 11 patients in whom it was not. 


Materials and Methods 


Four hundred twenty-seven kidney transplants were performed 
at the University of Minnesota Hospitals in 377 recipients be- 
tween January 1968 and July 1973. Our procedures for the selec- 
tion of donors and recipients, the techniques of transplantation, 
and the standard immunosuppressive regime have been described 
in detail previously.'* Upper GI tract series were performed on all 
patients regardless of history prior to transplantation. Thirty po- 
tential transplant recipients had diagnoses of peptic ulcer disease 
based either on initial history or on subsequent objective findings 
prior to transplantation. Thus, 347 patients underwent transplan- 
tation without this diagnosis. All patients have been observed for 
a minimum of seven months and as long as six years. No patients 
have been lost to follow-up, and all episodes of GI tract bleeding 
or perforation have been recorded. All patients are routinely 
treated with orally administered antacid therapy—aluminum hy- 
droxide gel in the anephric-uremic period and magaldrate in the 
posttransplant period. This therapy is utilized whether or not pre- 
vious peptic ulcer symptoms have been noted. 

The patients can be divided into three groups for analysis: 
group 1, 19 patients who had a definite history of peptic ulcer dis- 
ease on initial evaluation and underwent a planned prophylactic 
operative procedure designed to control the peptic ulcer disease in 
the pretransplant period; group 2, 11 patients with history of pep- 
tic ulcer disease who did not receive a planned prophylactic oper- 
ative procedure; and group 8, 347 transplant patients without his- 
tory of peptic ulcer in the pretransplant period. Three of these 
patients developed symptoms or signs of upper GI tract ulceration 
some time after transplantation. | 


Results 


Group 1: Ulcer History—Planned Prophylactic Operation 
in the Pretransplant Period.—Table 1 lists 19 patients who 
were found to have a strong history of peptic ulcer disease 
during initial evaluation. All 19 patients had surgical 
treatment designed to control the ulcer disease. Twelve of 
these patients were men and seven women. The average 
age of the men was 39 years (range, 19 to 52 years), while 
the average age of the women was 43 years (range, 25 to 
60 years). Seven of these patients (37%) had juvenile-on- 
set, insulin-dependent diabetes. 
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able 1.—Ulcer History: Planned 
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Prophylactic Operation in the Pretransplant Period 
























Objective Evidence of Prophylactic 
Patient Age, Ulcer by Roentgenogram Operative 
No. yr Donor* or Gastroscopy Proceduret Ulcer Outcome Transplant Outcome 
1 19 #1,P Yes . V&P Recurrence 58 mo after Rejected first transplant at 
#2,U first transplant (1 mo 58 mo; well, 3 mo with 
after second transplant) second transplant 
2 31 S No V&P No recurrence Well, 20 mo 
3 42 U No V&P No recurrence Well, 17 mo 
4 48 U Yes V&P No recurrence Well, 14 mo 
5 47 U No V&P No recurrence Well, 10 mo 
6 35 oth Yes V&P No recurrence Dead, intestine obstruction 
7 50 C Yes V&P No recurrence Well, 19 mo 
8 60 U Yes V&A No recurrence Well, 10 mo 
9 45 O Yes V&P No recurrence Well, 12 mo 
10 46 S Yes V&A No recurrence Well, 19 mo 
11 42 S Yes V&P No recurrence Well, 51 mo 
12 34 oa. Yes V&P Dead, postoperative necrosis 
of splenic flexure 
13 37 S Yes V&P No recurrence Dead, 10 mo, sepsis 
14 51 C No V&P No recurrence Well, 14 mo 
15 25 S No V&P No recurrence Well, 10 mo 
16 52 U Yes V&P Recurrence before trans- Well, 19 mo 
; plant, hemigastrectomy i 
17 42 U Yes V&P Recurrence before trans- Well, 13 mo 
plant, hemigastrectomy 
18 46 U Yes V&P Recurrence after transplant Dead, 9 mo posttransplant 
i from gastric bleeding 
19 22 P Yes Recurrence after transplant Dead, 4 mo posttransplant 





V&P 









- from perforation of colon 
& bladder fistula; multiple 
GI tract bleeding & sepsis 






* Parent, P; sibling, S; unrelated cadaver, U; child, C; other, O. 
t Vagotomy-pyloroplasty, V&P; vagotomy-antrectomy, V&A. 


Table 2.—Ulcer History: No Prophylactic Procedure Planned 


Outcome of 
Conservative 
Managementt 


Recurrence pretransplant, V&P 
Recurrence pretransplant, V&P 
Recurrence pretransplant, V&A 
Recurrence pretransplant, V&P 
No recurrence 


Objective Evidence of 
Ulcer by Roentgenogram 
or Gastroscopy Transplant Outcome 
Well, 32 mo 
Well, 7 mo 
Well, 15 mo 
Well, 30 mo 
Hemorrhage from Well, 10 mo 
gastritis 
Well, 18 mo 
Dead, rejection of both 
kidneys 
Dead, 13 mo posttransplant, 
multiple rejection; transplant 
nephrectomy, sepsis 


Well, 47 mo 


Recurrence pretransplant, V&P 
Recurrence of bleeding, 
postrejection, death 
Recurrence; perforation of 
duodenal ulcer plus bleed- 
ing posttransplant 
Recurrence pretransplant, 
no operation 
No recurrence 


Recurrence pretransplant, 
V&A 


Well, 13 mo 

Dead, from abscess around 
kidney; transplant nephrec- 
tomy, sepsis 


Gastritis 


Slow gastric 
emptying 





* Siblings, S; unrelated, U; child, C. 
t Vagotomy-pyloroplasty, V&P; vagotomy-antrectomy, V&A. 


All 19 patients had roentgenograms of their upper GI A prophylactic operative procedure designed to correct 





tract and several had gastroscopy during the initial eval- 
uation. Fourteen of these 19 patients had confirmation of 
peptic ulcer, but in the remaining five it could not be con- 
firmed. Confirmation was made by roentgenogram in ten 
patients, while four patients had normal roentgenograms 
but symptoms strongly suggestive of duodenal ulcer; in 
these patients, the disease was proved by gastroscopy. 
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the peptic tendency was performed in all 19 patients. In 17 
the prophylactic procedure was done during the perform- 
ance of the standard stage pretransplant bilateral ne- 
phrectomy and splenectomy,'® while in two patients 
(patients 16 and 17) vagotomy and pyloroplasty was per- 
formed at another institution and preceded bilateral ne- 
phrectomy and splenectomy because of the serious nature 
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Table 3.—No History of Ulcer: Gastrointestinal Bleeding After Transplantation 


Objective Evidence of 
Patient Age, Ulcer by Roentgenogram 
No. yr Donor or Gastroscopy 
31 52 Sibling No 
32 58 Cadaver No 
33 29 Cadaver No 


of Te peptic ulcer disease. 

Prophylactic precedures consisted of truncal vagotomy 
and pyloroplasty in 15 of the 19 patients (71%), vagotomy 
and antrectomy in two (patients 8 and 10), vagotomy and 
pyloroplasty plus hiatal hernia repair in one (patient 4), 
and selective vagotomy and pyloroplasty in one (patient 


Of the 19 patients, the two who had vagotomy and py- 
lorsplasty prior to bilateral nephrectomy and splenectomy 
developed recurrent ulcers that required a second proce- 
dure prior to transplantation. Patient 16 developed upper 
GI tract bleeding from a gastric ulcer while on dialysis de- 
spite a previous pyloroplasty-vagotomy, and required elec- 
tive partial gastrectomy before transplantation. Patient 
17. while on dialysis awaiting transplantation, had recur- 
rence of duodenal ulcer symptoms and was reevaluated. 
Further roentgenograms of the GI tract showed a duode- 
nal ulcer; he had high acid output; and gastrin levels were 
over 3,000uug/ml (Ouug/ml to 120uug/ml, normal). This 
raised the question of the Zollinger-Ellison syndrome. The 
patient underwent exploratory surgery before transplan- 
tacion and no evidence of ulcerogenic tumor was found. A 
partial gastrectomy was added to the previous vagotomy. 
Beth patients are well 19 and 13 months posttransplant, 
respectively. 

Seventeen of 19 patients (89%) with planned prophylac- 
tie treatment of peptie ulcer underwent transplantation, 
but two patients died prior to transplantation. One pa- 
tient (patient 12) developed necrosis of the splenic flexure 
after nephrectomy-splenectomy, vagotomy-pyloroplasty 
and died. Patient 6, three months after bilateral nephrec- 
temy-splenectomy and while on dialysis awaiting a ca- 
daver donor, developed intestinal obstruction, bowel ne- 
erosis, and had a carciac arrest during exploratory 
sumgery and died. Of the 17 patients who underwent 
transplantation, 14 are currently alive, ie, 14 of 17 (82%) 
who underwent transplantation and 14 of 19 (74%) candi- 
dates for transplantation with a strong history of ulcer 
who underwent prophylactic operation are alive ten to 60 
months posttransplant. 

Of the original 19 patients who had planned prophylac- 
tic operation in the pretransplant period, 15 had some sort 
o° vagotomy and pyleroplasty. Thirteen of these 15 pa- 
tants finally underwent transplantation. Adequate pro- 
tection, ie, absence of peptic ulcer symptoms and hemor- 
raage, was present in ten of 13 (77%) of the patients. 
Three patients (23%) had GI tract problems after trans- 
plantation. Patient 1, 58 months after transplantation, re- 
jected his first kidney from his father and had a cadaver 
kidney transplantation. Shortly after this second trans- 
plant, during antirejection therapy, he developed hemor- 
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Bled, contributing to death 


Transplant Outcome 


Dead, 2 mo after transplant from 
sepsis and GI tract bleeding 


Ulcer Outcome 


Bleeding controlled without Well, 31 mo 
operation 
Bleeding controlled without Well, 19 mo 


operation 


rhage from a gastric ulcer that was treated successfully 
with iced saline lavage and antacids. Patient 18 had re- 
quired emergency vagotomy-pyloroplasty for exsangui- 
nating hemorrhage prior to transplant. He did not bleed 
again until nine months posttransplant during treatment 
for a rejection episode. Despite emergency gastrectomy, 
the bleeding could not be controlled and he cied. Patient 
19 perforated his colon and had a bladder fistula four 
months posttransplant. He ultimately died of a combina- 
tion of sepsis associated with multiple episodes of bleed- 
ing. 

Two patients had vagotomy and antrectomy (patients 8 
and 10) during the performance of the standard staged bi- 
lateral nephrectomy and splenectomy. Another two pa- 
tients (16 and 17) were converted before transplantation 
from vagotomy and pyloroplasty to vagotomy and hemi- 
gastrectomy, as mentioned above. So finally, four of 19 
(26%) had vagotomy and antrectomy as prophylaxis. All 
four underwent transplantation and have developed no 
peptic ulcer problems ten to 19 months after transplanta- 
tion. 

Group 2: Ulcer History—No Prophylactic Procedure 
Planned.—Of the 30 patients with peptic ulcer history dur- 
ing the initial workup, 11 did not receive a planned oper- 
ation for the ulcer (Table 2). Six of these patients were 
men and five were women. The average age of the men 
was 38 years (range, 25 to 45 years). The average age of 
the women was 45 years (range, 32 to 56 years). Two of 11 
(18%) were juvenile-onset, insulin-dependent diabetics. 

Of the 11 patients with history of ulcer but without 
prophylactic operation, nine developed upper GI tract 
hemorrhage some time after bilateral nephrectomy and 
splenectomy while before or after transplantation, so that 
the failure rate of conservative management was 82%. 

Six (56%) required operation prior to transplantation; 
four received vagotomy-pyloroplasty, and two, vagot- 
omy-antrectomy. All six patients underwent transplanta- 
tion subsequent to their gastric operation, and five of 
these patients are doing well seven to 32 months after 
transplantation. The sixth patient developed fatal sepsis 
three months posttransplant. None of the six developed 
GI tract symptoms after transplantation. 

Five (44%) patients with history of peptic ulcer have not 
had operative procedure for prophylaxis. In two, conserva- 
tive management was successful and no symptoms re- 
quired treatment; both patients had super‘ficial gastritis 
while on dialysis. Three developed bleeding prior to or af- 
ter transplantation but still were given no operative ther- 
apy. Patient 28 bled from a superficial gastric ulcer the 
day before a planned transplant; he was treated nonoper- 
atively and then underwent transplantation. He is doing 
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well 47 months posttransplant. The other two patients are 
dead. Patient 26 had two transplants—both kidneys were 
rejected and while back on dialysis, she developed re- 
peated episodes of upper GI tract bleeding and died. Pa- 
tient 27 perforated a duodenal ulcer after transplantation 
during antirejection therapy. The ulcer was oversewn, but 
she subsequently had upper GI tract bleeding, treated 
conservatively; 13 months after transplantation she died 
of sepsis. 

So, of the entire group of 11 patients, six had to have a 
prophylactic procedure before transplantation and five of 
these (83%) are alive and well currently while the remain- 
ing five had no prophylaxis and three of this group of five 
(60%) are alive and well ten to 47 months posttransplant 
and are potential candidates for development of GI tract 
problems. As a group, 72% of patients not having planned 
prophylactic procedures are currently well, with kidneys. 

Combined Results of 30 Patients With Preexistent Peptic 
Ulcer Disease.—Of the 30 patients who had a history 
and/or objective evidence of peptic ulcer disease associ- 
ated with terminal uremia and dialysis, 25 (83%) had oper- 
ative attempts to control the disease prior to transplanta- 
tion. Two patients subsequently died (one operative death) 
and two patients required two procedures; but only three 
of 23 (13%) patients had GI tract bleeding after transplan- 
tation. Of the 23 patients, 19 (82%) are currently well with 
functioning transplants. 

Group 3: No History of Ulcer Prior to Transplantation.— 
Three hundred forty-seven transplant candidates gave no 
history of, and had no evidence on upper GI tract series of 
peptic ulcer disease. Only three patients without history 
of ulcer disease and normal roentgenograms during initial 
evaluation developed bleeding after transplantation 
(Table 3). There were two women and one man in this 
category. Two of these patients were over 50 years of age, 
while the third was under 30. Two patients had cadaver 
transplants and one received a transplant from a living 
related donor. Patient 31, two months after undergoing 
transplantation, had a rejection episode and during treat- 
ment developed GI tract hemorrhage from esophagitis 
and gastritis. The bleeding was controlled with cooling 
and vasopressin injection (Pitressin), but subsequently 
the patient died from sepsis. Patient 32, a 58-year-old 
man, had a cadaver transplant and prolonged acute tubu- 
lar necrosis requiring dialysis. He developed a duodenal 
ulcer from which he bled intermittently for a total of 27 
units. The patient’s ulcer healed without operation when 
renal function returned, and the steroid dose was reduced. 
Patient 33 developed bleeding from gastritis three weeks 
after transplantation that was controlled successfully 
with iced saline and antacid. 


Comment 


Upper GI tract bleeding is one of the most serious com- 
plications for the transplant patient. Moore and Hume 
felt that GI tract bleeding that required operative inter- 
vention was the single most uniformly lethal complication 
for the transplant recipient.'* In these patients, bleeding 
most often occurs when the steroid dose is raised during 
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rejection episodes, so that increased steroid adminis- 
tration is compounded by renal malfunction and uremic 
coagulopathy. Since leukopenia and thrombocytopenia are 
known to accompany rejection episodes, bleeding, when it 
occurs, is difficult to control. The present experience with 
377 transplant recipients demonstrates that it is possible 
to reduce the incidence of bleeding in the posttransplant 
period to eight of 377 transplant patients (2.12%). To our 
knowledge, this is the lowest incidence reported in the lit- 
erature. If there was no pretransplant evidence of upper 
GI tract abnormality, only three of 347 posttransplant pa- 
tients bled (0.86%). 

Nevertheless, our current practice is imperfect. Of the 
28 patients with pretransplant evidence of peptic ulcer 
disease, the posttransplant bleeding incidence was five of 
28 (17.8%). Even when operative prophylaxis was carried 
out, the incidence of posttransplant bleeding could be fur- 
ther reduced to only three of 23 (18%). The lethality of this 
complication in the posttransplant period is still high; five 
of eight patients who bled in the posttransplant period 
died with this complication. 

We definitely believe that prophylactic operative control 
of any ulcerogenic tendency should be carried out in the 
pretransplant period. When this was not performed, nine 
of 11 patients bled. It is important to note that these 11 
patients had not received a planned prophylactic proce- 
dure because their ulcerogenic tendency had been consid- 
ered to be mild. 

The prophylactic procedure of choice is still unclear. Va- 
gotomy and pyloroplasty, either combined with bilateral 
nephrectomy and splenectomy or alone, was most often 
chosen. Of 20 patients with vagotomy and pyloroplasty 
who ultimately came to transplant, five rebled either be- 
fore or after transplant, ie, vagotomy and pyloroplasty 
will control only 75% of the ulcerogenic disease. None of 
the patients who had either primary prophylactic or sec- 
ondary antrectomy plus vagotomy bled. It would seem 
that vagotomy and pyloroplasty is not an adequate proce- 
dure in these high-risk patients. Vagotomy and pyloro- 
plasty was uniformly successful in the eight patients who 
had no objective roentgenographic, gastroscopic, or hem- 
orrhagic evidence of ulcer on initial evaluation, but was 
far less successful in patients with objective ulcer disease 
since five of 12 (42%) such patients rebled. It would seem 
that a prophylactic antrectomy and vagotomy might be 
considered for patients with major objective evidence of 
ulcerogenic disease, and that vagotomy and pyloroplasty 
be carried out where there is historical evidence without 
objective findings. 


This investigation was supported in part by Public Health Service grant 
AM-13083, 
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Biscussion 


TsRAEL. Pewn, MD, Denver: I would like to compliment Dr. 
Spanos and his colleagues oa their fine paper. This study serves to 
reeraphasize the high incidence of complications of peptic ulcer in 
renal homograft recipients thet we reported in 1964 and 1968. It 
is remarkable how well uremic patients, being prepared for trans- 
plartation by adequate henadialysis, will tolerate not only a bilat- 
eral nephrectomy and splenectomy but also a prophylactic oper- 
ation against a known peptic ulcer all as a one-stage operation. 
This can be accomplished witk very low mortality and morbidity 
and. in our-experience, these patients seldom have problems with 
pepzic ulcer after transplantation. 

Im contrast with the findiags of Dr. Spanos, most patients in our 
series who had upper GI tract bleeding in the posttransplant pe- 
riod did not give a history cf previous peptic ulceration. These pa- 
tients most frequently had multiple ulcers of the stomach, al- 
though some had asclitary oleeding duodenal ulcer and others had 
blec from a diffuse gastritis. Other causes of bleeding included 
chrenic hepatitis and cirrhosis with bleeding varices, disseminated 
intravaseular coagulation, and reticulum cell sarcoma of the stom- 
ach Like Dr. Spancs, we initially had a mortality of approxi- 
mately 50% in posttransplant patients with upper GI tract bleed- 
ing severe enough te warrant emergency operation. However, in 
our more recent cases there has been a substantial reduction in 
operative mortality. The lowest mortality was encountered in pa- 
tierts with bleeding duodenal ulcers, followed by those with mul- 
tiple gastric ulcers. The hemorrhage was usually controlled by va- 
gotomy, oversewing of the ulcer, and pyloroplasty in the case of 
the duodenal ulcers, and pertial gastrectomy with or without va- 
gotomy in the patients with multiple gastric ulcers, with over- 
sewing of any ulcers left in tne gastric remnant. 

The reasons for the high mortality of patients with upper GI 
traet bleeding in the posttrarsplant period include the fact that 
the-complication frequently occurs during an episode of renal re- 
jection when, in addition te poor renal function, the patient is re- 
ceiving large doses of cortieosteroids, may have thrombocytopenia 
caused by the immunosuppressive therapy, and may be receiving 
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other potentially ulcerogenic agents such as reserpine. 

Kidney transplant recipients may also develop severe and some- 
times fatal bleeding from the lower GI tract, from multiple ulcers 
of the cecum and colon. These may occur in patients with poor re- 
nal function, or may result from corticosteroid therapy, or from 
viral infections such as with cytomegalovirus or disseminated 
varicella infections. 

E. THURSTON THIEME, MD, Ann Arbor, Mich: I am really in no 
position to discuss this paper but I do have a question to ask the 
authors. It is my impression from what I have read that patients 
taken care of in the pretransplant period need to have control of 
their parathyroid activity, and those in their posttransplant pe- 
riod, particularly the long-term survivors, almost inevitably need 
control of the parathyroid activity by resection of their glands. 

I know the association of hyperparathyroidism, and peptic ulcer 
that has been demonstrated in these people many times. However, 
it is my impression that control of the parathyroid activity does 
not control or does not eliminate the possibility of a bleeding pep- 
tic ulcer. I would like to ask the authors to comment on whether 
they observed the parathyroid activity in these patients and if 
they felt there was any relation between the two diseases? 

Jerry C. RoseNBeRG, MD, Detroit: I think Dr. Spanos and his 
colleagues are to be congratulated for turning our attention to a 
problem that deserves a great deal of study. 

Based on the numbers the authors have shown us today, and 
based on our experience—admittedly less than the University of 
Minnesota experience—I am not convinced that there is a signifi- 
cant role for “prophylactic” therapy for peptic ulcer disease in 
pretransplant patients. Of course, if a patient has peptic ulcer dis- 
ease in the pretransplant period with indications for surgical ther- 
apy, that patient has to be treated as any other patient with pep- 
tic ulcer disease. 

However, when there is only a history of peptic ulcer disease 
without any of its complications, patients we have operated on 
here have derived questionable benefit from the procedure. We 
have at least two patients with successful renal transplants who 
are plagued by postgastrectomy syndrome. 

So, I am not sure, based on your data, Dr. Spanos, as well as on 
our own experience, how we should select patients for what you 
refer to as a “prophylactic” operation because, as Dr. Penn 
pointed out, many of the patients who get into difficulty after 
transplantation have had no history of peptic ulcer at all. 

I was also interested that you had two patients who bled late in 
their transplant course. It is our experience that when patients 
get into difficulty with peptic ulcer disease, bleeding, or perfora- 
tion, they usually do so very soon after the transplant. 

Dr. Spanos: I thank all the discussants. I appreciate Dr. Penn’s 
comments and I would say that, in principle, we do not have many 
disagreements. As to Dr. Rosenberg’s remarks, I would say that I 
was not convinced about prophylaxis until I cared for several pa- 
tients who came in with histories of ulcers. During evaluation, ul- 
cers could not be demonstrated although the patients had a his- 
tory of ulcers, and we decided to perform splenectomy and 
bilateral nephrectomy and do nothing about the ulcer. Five to 
seven days later, it was necessary to reoperate on some of these 
patients for upper GI tract bleeding. Since that time, we have 
been more aggressive with this problem. 

As to hyperparathyroidism, in our center we do not have the 
high incidence that others have reported. Only 1% to 2% of our 
transplant patients develop hyperparathyroidism secondary to 
chronic renal failure. Hypercalcemia is reported in the literature 
as a factor leading to gastric acid hypersecretion, but I would like 
to reemphasize that hyperparathyroidism secondary to chronic re- 
nal failure has not been a frequent problem in our transplant pa- 
tients. 
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Acute Penetrating Arterial Injuries 


of the Neck and Limbs 


Roger F. Smith, MD; Joseph P. Elliott, MD; John H. Hageman, MD; 


D. Emerick Szilagyi, MD; Alfredo O. Xavier, MD 


A survey was made of 268 patients with 285 penetrating wounds 
of the limbs and neck seen during 1968 to 1973 in whom arterial 
damage was suspected. The principal problem in the management of 
these injuries was the decision regarding the need for surgical explo- 
ration. Physical signs were often inconclusive, so that in about half 
the cases angiographic examination was required to assure the 
avoidance of needless exploration. Angiography was also needed in 
some cases to locate precisely the site of arterial injury. 

The functional results of the surgical treatment of these wounds 
depended primarily on the outcome of the handling of the local (prin- 
cipally bony and nervous) associated nonvascular injuries. 


P large urban centers of population, recent de- 
mographic changes have brought about a remarkable 
increase in the incidence of penetrating wounds of the 
neck and limbs.' In our own institution, the incidence of 
such injuries has risen eight-fold during the past six 
years. Thus the management of these injuries, which tra- 
ditionally had been a concern of the military surgeon, has 
assumed a role of direct relevance to civilian practice in 
larger cities. The increased general importance of these 
lesions has appeared to us to render instructive a review 
of our experience with their management, particularly 
from the point of view of the relative usefulness of clinical 
and angiographic findings in the process of selection of 
patients for exploration and repair. 


Case Material 


The 268 patients who form the basis of detailed analysis of the 
methods of diagnosis and management were derived from a group 
of 1,012 patients who were admitted to the Henry Ford Hospital 
for the treatment of acute penetrating wounds of the neck and 
limbs between January 1961 and Dec 31, 1973. They composed a 
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group in which the consulting vascular surgeon found sufficient 
clinical evidence of arterial involvement to warrant carrying out 
investigation specifically aimed at the confirmation or disproof of 
the presence of arterial injury. 

The vast majority of the injuries (nearly 90%) in this group 
were due to violence; 77% (decimals are rounded off in the accus- 
tomed manner throughout the text) had been caused by firearms. 
There was a wide range in the patients’ ages (2 to 78 years), but 
the highest prevalence was in the younger age groups, with a 
mean age of 36.7 years. A large majority of the patients were male 
(87%) and black (91%). Complete follow-up data were available in 
76% of the cases, a very acceptable rate in a highly mobile popu- 
lation. The length of follow-up observation was from one to 65 
months, with a mean of 18.5 months. Nearly 40% of the patients 
were observed for at least two years. The 268 patients in the study 
group had 285 wounds suspected of involving an artery. Thirteen 
percent of the wounds occurred in the neck, 33% in the upper 
limbs, and 54% in the lower limbs (Table 1). The anatomic distri- 
bution of the arteries that in this group of cases were the sites of 
injury is shown in Fig 1. The most common sites were the brachial 
and superficial femoral arteries, which together made up over 40% 
of the sites of occurrence of these lesions. As a result of appropri- 
ate investigation by angiography or surgical exploration, the pres- 
ence of arterial damage was confirmed in 127 cases or 45% of the 
entire group. 

It is of interest to note, as already has been briefly mentioned, 
that during the study period (1968 to 1973) the rate of admissions 
of patients with arterial injuries was eight per 10,000 general ad- 
missions, compared to a rate of one per 10,000 during the immedi- 
ately preceding six-year period. 


Findings 


When faced with the question of deciding the proper 
management of a penetrating wound that might have in- 
jured an artery, the surgeon in the first instance relies on 
clinical findings such as the presence, type, and intensity 
of bleeding; the anatomic relationship of the wound trajec- 
tory to a major artery; the presence of a hematoma (pul- 
sating or nonpulsating); and the signs and symptoms of 
ischemia distal to the site of injury. 
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Table 1.—Anatomic Distribution of Penetrating 
Wounds in Neck and Limbs: 
Henry Ford Hospital, 1968-1973* 


Arterial Injury 









Total 


Region Wounds No. % No. % 
Meck 171 37 21.6 13 7.6 
Upper limb 354 94 26.6 67 18.9 
_ower limb 487 
Total 1,012 





* Incidence of arterial injury in 285 penetrating wounds in which 
arterial damage was suspected was 44.6%. 
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Fiz 1.—Anatomic location of 127 peripheral arterial injuries. 


Depending on the judgment made on the grounds of 
this combined clinical evidence, the surgeon may (1) rule 
out -he presence of an arterial injury, (2) decide to explore 
the artery angiographically to determine whether an arte- 
rial injury is present, or (8) proceed directly to the repair 
of an arterial injury that he feels certain is present. Ta- 
ble 2 summarizes our experience with these various ap- 
proaches to the establishment of the diagnosis of arterial 
injury. 

It is evident at first glanee that the great usefulness of 
arteriography was in the disproof of arterial injury; in 116 
of the 158 cases in the subgroup in which the presence of 
an arterial injury was suspected, arteriography made ex- 
ploration unnecessary. In tne same subgroup, in 31 cases 
there appeared to be sufficient clinical evidence to demand 
exploration without angiography, but on exploration no 
lesion was found. In 11 cases in which exploration was car- 
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ried out in spite of normal angiograms, the artery was 
found to be intact. 

The confirmatory role of angiography was less promi- 
nent mainly because angiography was not used when the 
presence of injury to an artery was strongly suggested by 
the clinical findings, which was the case in 113 out of 127 
instances. In 14 cases, however, angiography disclosed the 
presence of arterial injury before exploration confirmed it. 
(It is obvious that there could have been no cases in which 
an arteriogram alone confirmed the diagnosis of an arte- 
rial lesion since such lesions had, of necessity, to be sub- 
jected to exploration and repair). 

The two subgroups of patients in whom arteriography 
was followed by exploration with either normal (11 cases) 
or abnormal (14 cases) results merit special comment. 
Among the 11 cases of exploration after normal angiogra- 
phy, in eight the exploration was mandatory because of 
bleeding unrelated to injury to a major arterial wall; in 
two the suspected arterial lesion could not be delineated 
because of the roentgenographic shadow of bullets; and in 
one a hematoma had to be evacuated. In the 14 cases in 
which both arteriography and exploration confirmed the 
presence of arterial injury, the indication for arteriogra- 
phy was either some residual doubt as to the presence of 
damage to the artery in spite of the suggestive clinical 
evidence or the necessity for accurate localization of the 
site of damage. 

A brief analysis of the 42 wounds that were explored 
with negative results is instructive. In 24 cases the reason 
for operative intervention was the proximity of the wound 
to a major artery. In 18 cases the extent of hemorrhage or 
absent relevant pulses demanded exploration. In the total 
subgroup of 42 cases, nine proved to be major venous in- 
juries. 

The relative significance of the respective roles of the 
absence of pulses and of arterial insufficiency as a means 
of diagnosing arterial injury is well illustrated by the data 
in Table 3. The determination of the presence or absence 
of distal pulses may be misleading both in the positive and 
negative sense. In 12% of the cases in which arterial in- 
jury was eventually disproved, the peripheral pulses were 
absent; conversely, in 18% of the cases with proven arte- 
rial injury, the pulses were palpable. The physical evi- 
dence of severe ischemia (surface temperature and color 
changes, loss of motor power) was a more reliable diagnos- 
tic guide, particularly in a negatory sense: it was absent 
in every case of injury that was later proved to have 
spared the arteries and it correctly indicated the presence 
of injury in 33% of the cases in which damage to the ar- 
tery was eventually proved. Still, in over 66% of patients 
with arterial injury, the clinical evidence of significant is- 
chemia was absent. 


Results 


As shown in Table 4, all the common reconstructive 
technical procedures as well as ligation were used in the 
treatment of these injuries, which ranged from contusion 
to transection, laceration, and arteriovenous communica- 
tion. The choice of these technical modalities in any given 
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Table 2.—Method Used to Establish Final Diagnosis in 285 Cases of 
Penetrating Wounds With Suspected Arterial Injury 





Primary Reason for Investigation 


Method Used to Total Circulatory 
Establish Diagnosis No. Cases Proximity Deficit Hematoma Hemorrhage 


Arteriogram 116 92 9 14 1 

Surgical ; as a 
Group 1 exploration 31 20 1 6 4 

Arteriogram & 


(ruled 










surgical 
pun exploration 11 4 1 4 2 
Subtotal 158 116 (73.4%) 11 (7.0%) 24 (15.2%) 7 (44%) 






Arteriogram 0 0 0 0 0 
Surgical 
G 2 exploration 113 8 69 22 14 
wee Arteriogram & 














sir a ed) surgical 
exploration 14 4 5 4 1 
Subtotal 127 12 (9.4%) 74 (58.3%) 26 (20.5%) 15 (11.8%) 
Total 285 128 (44.9%) 85 (29.8%) 50 (17.5%) 22 (7.7%) 










Table 3.—Reliability of Physical Findings of Arterial Insufficiency in 
285 Cases With Suspected Arterial Injury* 









Palpable Pulse Distal Ischemia 






Classification 









Group 1 

(ruled out) 139 88.0 19 12.0 dae LES 158 100.0 
Group 2 

(confirmed) 23 18.1 104 81.9 42 33.1 85 66.9 
Total 162 56.8 123 42.2 42 14.7 243 





* Hemorrhagic shock or significant hypotension present in 14.6% of group 1 cases and 66.1% of group 2 cases. 









Table 4.—Type of Injury and Surgical Treatment in 127 Cases 


End-to-End Vein Lateral 












Anastomosis Graft Ligation Suture 

Type of Total cree aa S E tome A E E paea a rns, 

Injury No. Cases No. % No. % No. % No. % 
Laceration 64 40 62.5 11 17.2 7 10.9 6 9.4 
Transection 48 35 72.9 6 12.5 7 14.6 0 os 
Contusion 9 6 66.6 O T 0 {r 3* 33.3 
Arteriovenous 

communication 6 2 33.3 0 fed, 2 33.3 2t 33.3 

Total 127 83 65.3 17 13.4 16 12.6 11 8.7 


* Closure of arteriotomy following thrombectomy. 
T Repair of arteriovenous communication without resection. 
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Table 5.—Result of Arterial Operation by 
Anatomie Location 
a, 
Satisfactory 
Circulatory 
State 


Operative 


Amputation 


% No. 
84.6 


97.0 


93.6 
94.5 


* Abovesknee amputation ‘following popliteal artery repair, one 
case. Below-kmee amputatior following superficial femoral artery 
repair, one case. 

t @perative mortality adjusted <o proximate cause, 1.6%. 
















e % 


Nec 53.8 38.5 


Region 
k 

er li 
Lower limt 19.1 27 
Total 27 21.3 74 


case-was governed by the well-established principles of ar- 
terial repair. It is noteworthy that reanastomosis of the 
debrided ends of the damaged artery was possible in 
nearly two thirds (65%) ef the cases, a circumstance that 
finds its explanation in the type of trauma that most com- 
monly caused the arterial injury in this series: the impact 
of low-velocity bullets from inexpensive handguns. Liga- 
tion of an artery was resorted to, in accordance with gen- 
erally accepted conventien, only when the injured artery 
was not a critical one, with the exception of three cases of 
carotid arterial injury, two of which had developed unre- 
versible cerebral ischemic changes by the time they were 
seen and were ligated, end one in whom ligation, which 
appeared to be the best suized procedure, was carried out 
without ill effects. The time lapse between injury and re- 
pairranged from 1.5 to 18 hours, with a mean of 6.9 hours. 

In view of the emerging importance of the role of fas- 
ciotemy in vascular reconstruction for arterial insuff- 
ciency,’ it is of interest te note that in only 8% of the cases 
was the performance of fasciotomy, at the time of recon- 
struetion, regarded as necessary and that no delayed fas- 
ciotemy had to be carried out. The presence of concomi- 
tant bone or venous injury and prolonged ischemic time 
before repair (beyond feur hours) were the outstanding 
indications Zor faseiotomy. 

In purely technical terms, ie, in terms of circulatory suf- 
ficiency, the results of arterial repair were excellent 
(Table 5). During the cbservation period of the study, 
which ranged from one to 65 months with a mean of 26.4 
months, only two of the 106 patients with successfully re- 
eonstructed arteries lost their good results. No late aneu- 
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Table 6.—Incidence of Local and Remote Associated Injuries in 127 Cases of Arterial Injury 


ye Ce eee ee eee ee a e eee oem RE Se REL <a OST a ike ESD ASI 
Arterial & 


Pure Arterial & Arterial & Local & 
Arterial Local Remote Remote 


No. % No. 
7 5 ace i 3 1 a 4 13 
58.3 13 10.2 13 10.2 127 









Table 7.—Final Disability Status of 122 Surviving 
Patients With Arterial Injury 


Disability Status 


No associated 










injury 38 38 100.0 

With associated 

injury 84 49 58.3 34 40.5 1 1.2 
Total 713 34) 2h 








No. % No. % Total 


7 


14.9 


rysm or arterial venous communication was observed. 

Two amputations had to be performed (2%), both in pa- 
tients with extensive associated osseous injury. 

There were five operative deaths (4%), of which two 
were directly related to the arterial injury: laceration and 
thrombosis of the internal carotid artery. The other three 
deaths supervened on systemic complications of associated 
injuries unrelated to the arterial damage proper. 

Six major but nonfatal complications were observed 
(5%). In addition to the two amputations already men- 
tioned, there was one case each of extensive traumatic 
muscle necrosis of the thigh following a shotgun wound, of 
ligation of bleeding femoral artery in an infected wound, 
of a pulmonary embolus, and, finally, of severe transient 
pulmonary insufficiency due to multiple fat emboli. 

Because of their importance in the ultimate functional 
restoration of patients with peripheral arterial injuries, 
the associated injuries seen with arterial trauma deserve 
special consideration (Table 6). 

Associated injuries of this type may be local, that is, in 
the immediate anatomic vicinity of the artery, or remote, 
at a distance from the region of the artery. It follows from 
the topographic characteristics of peripheral arterial in- 
juries that local associated lesions are common (68% in this 
series) and that remote associated lesions are relatively 
rare (20% in the present study). Injuries to the chest and 
abdomen coexisted with peripheral arterial injury only in 
7% of the cases. 

The most common structure injured simultaneously 
with an artery was a nerve (45%). The treatment of these 
injured structures varied according to the preference of 
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the consulting neurosurgeon. Immediate suturing was car- 
ried out in 28% of the cases (16 of 56) and delayed repair in 
three additional cases. The 37 cases in which no repair was 
done seemingly had a lower ultimate disability rate (51%) 
than the group with repair (79%), but no valid comparison 
is possible since a large proportion of the unrepaired 
nerves had suffered only various degrees of contusion. 

Simultaneous injury to the adjacent vein was sustained 
in 40% of the cases; about half the injured veins were re- 
constructed and the others were ligated. There was no sig- 
nificant late complication of venous stasis in the repaired 
or unrepaired groups. 

The most difficult therapeutic problems were posed by 
associated bone fractures that were seen in 19% of the 
cases. While some difference of opinion may exist regard- 
ing technical details, the principle is well established that 
firm stabilization of the fracture site is an essential condi- 
tion of the success of the arterial reconstruction with 
which the functional and anatomic integrity of the limb 
cannot be assured.‘ In general, internal fixation accom- 
plishes this goal best. In the 22 cases of long bone frac- 
tures associated with arterial injury, internal fixation was 
used in 11. Only two limbs were lost in this entire group. 

The decisive role that associated injuries play in the ul- 
timate outcome of cases of vascular injury is well demon- 
strated by the figures in Table 7, which lists the final de- 
gree of disability of the patients in the study. All the 
patients without associated injury recovered without re- 
sidual disability, while over 40% of the patients with asso- 
ciated injuries were left with some degree of functional 
impairment. 


Comment 


As mentioned in the introduction, the problem that was 
of particular interest to us and that we wished to reassess 
in the light of the findings of this survey was the role of 
angiography in the evaluation of penetrating injuries 
with potential vascular involvement occurring in the limbs 
and the neck. The second subject that assumed a great 
deal of significance in the course of this survey was the 
role of associated injuries in the ultimate functional re- 
sults of arterial repair. Both topics merit special analysis. 

The Role of Angiography.—Among the various positions 
one may take in regard to the usefulness of angiography 
in the assessment of penetrating injuries of the extrem- 
ities with possible arterial involvement, one can readily 
deal with the two extremes: the position that all such 
wounds should be explored without special studies*-’ and 
the position that none should be explored without a pre- 
ceding angiographic examination. The results of our 
study make either of the positions untenable. If we had 
explored every suspected case of this type surgically, we 
would have found arterial injury in less than half. Con- 
versely, if we had carried out angiography in every case, 
in over one third of the cases it would have been super- 
fluous and would undoubtedly have occasioned some harm 
due to the delay in initiating treatment. The rational posi- 
tion obviously lies between these two extremes.*-"’ 

In attempting to define such a rational position one 
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Fig 2.—Top, Right retrograde transbrachial arteriogram of ax- 
illary-subclavian-innominate axis (case 1). No evidence of arterial 
damage suggested by trajectory (arrow) of bullet. Bottom, Left ret- 
rograde transbrachial arteriogram confirming clinical impression of 
injury (arrow) to left subclavian artery (case 2). 
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Fig 3.—Bilateral percutaneoes femoral arteriogram (case 3) show- 
img nermal arterial trunk (lefts and thrombosis of superficial fem- 
oral astery (right) near femora’ fracture site. Broken line and arrows 
indicase trajectory of bullet. 


must of course, put in thebalance of clinical judgment, in 
addition to the recognized high rate of accuracy of angiog- 
raphy, the predictive value of the physical findings mani- 
fested by peripheral arterial injuries. As is recognized by 
many and shown clearly br the results of this study (Table 
3), these findings have dstinct limitations as indicators 
for surgical intervention. The presence and absence of ar- 
teria! pulsation, in particwar, have a wide enough margin 
of er-or in predictirg arterial damage to reduce greatly 
their diagnostic value.“ While the carefully elicited signs 
of ischemia are a much more reliable source of diagnostic 
information, they too, considered singly, have serious pit- 
falls. 

Stil, the starting point of a rational process of decision 
makiag in regard to the management of these wounds is 
the csmbined assessment of the physical findings as re- 
garde both the state of pulses and the degree of ischemic 
changes. With this approech one can define three classes 
ef pacients with corresponding degrees of certainty con- 
cerniag the urgency of exploration. In the first class, the 
evidence of the neec fer exploration is conclusive: absent 
pulses, unequivocal signs ef severe ischemia, and, in addi- 
tion, asually other obvioussigns or suggestive evidence of 
a break within the arterial wall, ie, profuse hemorrhage, 
pulsa-ing hematoma, or urmistakable anatomic proximity 
ef the wound to a critical artery. In such instances, mak- 
ing u» about half the cases in our series, surgical interven- 
tion & undertaken without celay. In another class of pa- 
tients the weight of evdence points in the opposite 
direction: slight degree o ischemia that is not progres- 
sive, =quivoeal or oceasiorally absent pulses with moder- 
ate degree of hemorrhage easily controlled spontaneously 
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or by pressure, and anatomic location of the wound dis- 
tant from a critical artery. In these patients, the exact in- 
cidence of which is difficult to state since they de not come 
under close enough scrutiny by the vascular surgeon, the 
decision is likewise readily reached and is in favor of con- 
servative management. The challenging class of patients 
is that in which the evidence of arterial injury is equivo- 
cal. There may be absent pulses, but the signs of ischemia 
are relatively mild and the significance of the extent of 
bleeding and of the anatomical relationship is doubtful. It 
is in this group of patients, comprising a little over half 
the patients coming to the attention of the vascular sur- 
geon, that angiography yields the greatest rewards. The 
benefit, as shown by our findings, is mainly in the sense of 
avoiding unnecessary surgical intervention (a benefit suc- 
cessfully achieved in our series in about one third of the 
cases). 

The fact merits emphasis that a negative angiogram, 
even of the best technical quality, although it is a very ac- 
curate demonstration of an undamaged arterial tree, does 
not constitute an absolute contraindication to exploration. 
If the clinical evidence is convincing in favor of an arte- 
rial lesion, it takes precedence over the testimony of the 
angiogram. An artery may, for instance, be severely con- 
tused or lacerated without clear-cut changes in its an- 
giographic image. Moreover, venous bleeding may be pres- 
ent of sufficient severity to require surgical intervention 
in the presence of an intact adjacent artery. Likewise, at 
times angiographic visualization may be desirable to as- 
sist in devising the most practical approach for exploring, 
even though the evidence of arterial damage is undebat- 
able. 


Report of Cases 


The following short case reports illustrate the usefulness of the 
application of arteriography in a variety of clinical situations. 

Case 1.—A 35-year-old black woman was wounded in the right 
side of the neck, left buttock, and abdomen with a large-caliber 
handgun. In addition to obvious intra-abdominal injuries, physical 
findings included a fracture of the first rib on the right, a right he- 
mopneumothorax, a moderate-sized hematoma in the right cervi- 
cal region, a right brachial plexus nerve deficit localized to the ul- 
nar distribution, but intact peripheral pulses. A chest tube was 
inserted and immediate laparotomy carried out for the intra-ab- 
dominal injury. In order to avoid the extensive dissection that 
would have been required for the exploration of the right subcla- 
vian artery, a retrograde brachial arteriogram was performed, 
which demonstrated no arterial injury (Fig 2, top). Recovery was 
complete, except for the ulnar nerve disability. 3 

Case 2.—A 26-year-old black man had been stabbed in the left 
supraclavicular fossa. On physical examination a few minutes af- 
ter the injury, there was no evidence of active bleeding or nerve 
damage and the peripheral pulses were normal. Routine studies 
revealed a hemopneumothorax, and a chest tube was inserted. Be- 
cause of the proximity of the wound to the subclavian artery, a 
retrograde brachial arteriogram was performed; this showed a 
laceration of the left subclavian artery (Fig 2, bottom). The arte- 
rial lesion was exposed through a supraclavicular transverse inci- 
sion with excision of the medial half of the clavicle. Primary end- 
to-end repair was easily accomplished with an uneventful and 
complete recovery. 
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Fig 4.—Percutaneous right femoral arteriogram in two planes (case 4). 
Roentgenographic appearances confirm clinical findings of absence of arterial 
damage in spite of proximity of trajectory (arrow) to popliteal artery. 


CASE 3.—A 29-year-old black man had sustained an injury of 
both thighs by a large-caliber handgun. On physical examination, 
fracture of the right distal femur with an enlarging hematoma 
was found. The right popliteal and pedal pulses were absent, and 
there was evidence of sciatic nerve damage on the left. Bilateral 
femoral arteriograms were performed immediately and showed 
no injury of the left femoral artery and occlusion of the right fem- 
oral artery at the fracture site (Fig 3). Operation was performed 
through a low anteriomedial thigh incision. After obtaining he- 
mostasis and debridement of the transected arterial ends, a bal- 
loon catheter thrombectomy was done proximally and distally and 
regional heparinization carried out. After internal fixation of the 
fracture site, an end-to-end repair of the artery and lateral repair 
of the accompanying lacerated vein were performed. Recovery 
was satisfactory, but a delayed neurolysis of the left sciatic nerve 
was required three months later with good final results. 

Case 4.—An 18-year-old black man suffered a handgun wound to 
the posteromedial aspect of the lower right thigh. Physical find- 
ings were normal except for the presence of a moderate-sized 
hematoma in the right popliteal fossa and roentgenographic evi- 
dence of an incomplete fracture of the right medial femoral con- 
dyle. Because of the oblique course of the trajectory of the bullet, 
the exploration of which would have required an extensive dis- 
section, a femoral arteriogram was performed; this confirmed the 
absence of arterial damage (Fig 4). After a period of nonweight 
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Fig 5.—Visualization of popliteal and infrapopliteal arterial tree by 
percutaneous left femoral arteriogram (case 5). Left, Fresh trau- 
matic communication between anterior tibial artery and vein. Right, 
Site of injury (arrow) two weeks after repair. 
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bearing, recovery was compPte. 

Casr 5.—An 18-year-old man had been stabbed in the left upper 
superior tibial region. On ézamination he was found to have a 
small wound hematoma witk present but decreased pedal pulses 
and coolness cf the left foot. There was no associated neurologic 
deficit. In order to determineoth the nature and site of a possible 
infrapopliteal arterial injury a femoral arteriogram was obtained 
that demonstrated a communication between the anterior tibial 
artery and vein (Fig 5). Primary repair of the artery and ligation 
of the vein were successfully performed. Recovery was uncompli- 
cated, and the patient has remained well. 

The Significance of Associated Lesions.-The anatomic 
and functional characterstics of arteries would a priori 
suggest that the technicelly correct repair of a damaged 
artery, performed under eppropriate conditions, should re- 
sult m a high rate of complete restoration of functional in- 
tegrity, and that unsatisfactory results of repair very 
likely are the consequence, rot of operative technical defi- 
ciency, but rather of facters unrelated to the technique of 
arterial repair. The results of this survey fully support this 
view. When there was no-undue delay in the performance 
of surgical repair, the results depended primarily on the 
extent and nature of tke associated injuries, and in a 
small number of cases im which the cervical arterial tree 
was involvec, on the site of injury (Table 5). In this re- 
gard, because of the frequency and the special operative 
technical preblems they create, injuries to the long bones 
were by far the most important. 

Tke fundamental technical problem in penetrating 
wounds—as in the cases cof blunt trauma—that simultane- 
ously involve an artery and the adjacent bone structure is 
the assurane of the proper stabilization of the osseous 
fragments in appropriate temporal relation to the repair 
of the damaged artery. Our experience has taught the les- 
son «hat, to accomplish tnis double purpose efficiently, a 
rather rigid routine must be followed. The surgical repair 
must begin with the adquate exposure of the affected ar- 
tery irrespective, at this point, of the specific require- 
ments of the approach to “he fracture site. After appropri- 
ate hemostasis and compte catheter thrombectomy, the 
limb (or the entire arterial system) is heparinized. The 
best possible method of fixation of the bony fragments is 
thencarried put. Repair o* the artery (and vein, if injured) 
is performed as the last phase of the operation, when no 
doubt-remains as to the permanence of the stability of the 
fracture site. 
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Conclusions 


The results are given of the survey of 268 patients with 
285 penetrating wounds of the limbs and neck seen during 
1968 to 1973 in which the presence of arterial damage was 
suspected. 

The principal problem in the management of these in- 
juries was the decision regarding the need for surgical ex- 
ploration. Physical signs (presence or absence of arterial 
pulsations, degree of ischemia) have a significant margin 
of diagnostic error (18% in the false-negative and 12% in 
the false-positive sense) and often are undecisive; in about 
half the cases angiographic examination was needed to 
assure the avoidance of needless exploration. In a fraction 
of cases, even in the presence of unequivocal signs of arte- 
rial injury, angiography was needed to localize precisely 
the site of arterial injury for the economy of exploratory 
dissection. 


_ The functional results of the surgical treatment of these 


wounds depended primarily on the outcome of the han- 
dling of the local (principally bony and nervous) associ- 
ated nonvascular injuries. A practical outline of procedure 
is suggested for the technical steps in the repair of arte- 
rial injuries accompanied by bone damage. 


This investigation was supported in part by a grant from the Michigan 
Heart Association. 
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Are Elemental Diets Useful 


in Bowel Preparation? 


Donald R. Cooney, MD; John D. Wassner, MD; Jay L. Grosfeld, MD; John E. Jesseph, MD 


The efficacy of elemental diets and antibiotics in colon preparation 
was evaluated in 90 rats. Controls were unprepared. Five treatment 
groups received, in addition to magnesium sulfate catharsis, ele- 
mental diets: Vivonex, Flexical, clear liquids only, clear liquids and 
pre- and postoperative parenteral antibiotics (cephalothin sodium 
and kanamycin sulfate, intramuscularly), and clear liquids and orally 
administered antibiotics (neomycin sulfate and lincomycin hydro- 
chloride) for four days. Partial colectomy and colon anastomosis 
were done in each animal. Observation of weight loss preoperatively 
and seven days postoperatively, survival, mean tensile anastomotic 
strength, weight gain, and the incidence of anastomotic leak and 
wound infection led to the following conclusions: Elemental diets 
were as effective as orally administered antibiotics in decreasing the 
incidence of postoperative infection. Elemental diets or antibiotics 
were not superior to mechanical preparation alone. Elemental diets 
did not prevent anastomotic leak or enhance anastomotic mean ten- 
sile strength. Mechanical bowel emptying using clear liquids and 
cathartics remains the key to short-term preoperative colon prepara- 
tion. 


e use of prophylactic antibiotics for preopera- 

tive preparation of the colon has been a subject of 
controversy for the past three decades.' Most of the evi- 
dence advocating their efficacy has been derived from un- 
randomized retrospective analysis.’ These reports suggest 
that oral and possibly parenteral antibiotics decrease the 
incidence of postoperative infection.** Superinfection, 
however, of the alimentary tract by pathogenic organisms 
and an increased incidence of tumor recurrence at the 
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anastomotic suture line have also been reported as impor- 
tant complications of this form of therapy.** Recently, 
oral elemental diets have been advocated as a possible 
substitute for orally administered antibiotics for bowel 
preparation.’ Elemental diets suppress the intestinal flora 
without causing an overgrowth of pathogenic bacteria." 
In addition, the elemental diet theoretically should pre- 
vent preoperative protein and caloric depletion observed 
during the usual mechanical preparation of the colon. This 
study was designed to evaluate the efficacy of elemental 
diets in preoperative preparation of the colon. 


Methods 


Ninety Sprague-Dawley rats (300 to 350 gm) were divided into 
six experimental groups. There were 15 rats in each group (eight 
males and seven females). Group 1 (control) received standard rat 
chow and water at will. All other groups underwent a four-day 
preoperative treatment period. Magnesium sulfate (200 mg/day 
by mouth) was employed as a cathartic for the first two days in all 
treatment groups. Each of five treatment groups received a dif- 
ferent preoperative regimen. Group 2 rats were given the ele- 
mental diet Vivonex, while group 3 animals received the modified 
elemental diet Flexical. Elemental diets were mixed with water 
with a final concentration of 1 calorie/cu cm. Group 4 animals re- 
ceived clear liquids only. Group 5 rats received clear liquids and 
intramuscularly administered kanamycin sulfate (15 mg/kg/day) 
and cephalothin sodium (50 mg/kg/day) 24 hours before operation 
and for 72 hours after operation. Group 6 rats received clear liq- 
uids and orally administered antibiotics (10 mg neomycin sulfate 
and 50 mg lincomycin hydrochloride [Lincocin]) for four days pre- 
operatively. Daily preoperative weights were observed during the 
preparation period. | 

Midline laparotomy was done in all animals under sterile condi- 
tions utilizing ether anesthesia. A 1-cm segment of descending co- 
lon was resected and a one-layer end-to-end colonic anastomosis 
was accomplished using 7-0 interrupted silk suture. Immediately 
following and for seven days after operation all rats were offered 
standard rat chow and water at will. On the seventh postoperative 
day, control and treatment groups were evaluated for survival, 
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mean tensile anastomotic streagth, weight gain, anastomotic leak, 
and wound infection. The tensile strength of the anastomotic 
wound was determined by a modification of the standard Howe 
method described by Crawford et al" (Fig 1). The presence of 
anastomotic leax was determined in the following manner: The co- 
lon was transected 2 cm on &ther side of the anastomosis. The 
stool was gently washec from she lumen of the bowel with normal 
saline, and the umen of one end of the colon was occluded with a 
silk tie. The other end was cannected to a standard intravenous 
saline infusion apparatus and a pressure manometer. Methylene 
blue was added to the saline zo make an anastomotic leak more 
readily} detectable. The colon was filled with this solution to a pres- 
sure of 40 cm of saline and theanastomosis was inspected for leak 
(Fig 2) Wounds were inspectee for disruption of the suture line or 
the presence of purulent drainage. 


Results 


One animal in eack of the Flexical, clear liquid, oral an- 
tibioti, and unprepared ©n-rol groups acquired an ob- 
vious wound infection. One animal in each treatment 
group (except the Flexical group) and two animals in the 
contrc! group (group 1) had anastomotic leaks. Two post- 


operative deaths eccurrec 86 and 48 hours following — 


surgery in the unprepared control group (group 1). Post- 
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Fig 1.—Wound disruption tensiometer used to measure colonic 
anastomotic tensile strength. 


Fig 2.—Apparatus employed to determine leak at calon anasto- 
mosis. 





mortem examination, however, revealed no obvious expla- 
nation for these deaths. Although there appeared to be 
no substantial differences between treatment group 2 
through 6, approximately one third of all umprepared 
(group 1) animals either died or had an important postop- 
erative complication. The mean tensile strength of the 
anastomotic wound in each of the five experimental 
groups was not statistically different from the unprepared 
control group (Table 1). There was statistically significant 
less preoperative weight loss (P<.01) in the two experi- 
mental groups receiving elemental diets (Table 2). A sta- 
tistically significant (P> .01) weight gain after operation, 
however, was observed in those animals who were me- 
chanically prepared and did not receive antibiotics or ele- 
mental diet (Table 3). 


Comment 


Recent studies suggest that a poor preoperative nutri- 
tional status may contribute to colonic anastomotic dehis- 
cence.: This clinical observation is supported by the ex- 
perimental work of Daly et al.'* These investigators noted 
a 16% decrease in the mean tensile strength of rat colonic 
anastomoses after a one-week preoperative period of pro- 
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Table 1.—Tensile Strength of Colon Anastomosis at Seventh Postoperative Day 


t Test of 
Mean Tensile Each Group 
Treatment Groups Strength, gm Compared to Control 


Control, 141.7+33 
no preparation 


Vivonex 154.9 + 47 NS (P = .6-.7) 
Flexical 157.4 + 60 NS (P = .6-.7) 
Clear liquids 1521 £70 NS (P = .4-.5) 


Clear liquids & 136.0 £27 NS (P = .4-.5) 
parenteral 
antibiotics 


Clear liquids & 123.3:= 37 NS (P = .2-.3) 
orally administered 
antibiotics 


Table 2.—Weight Loss During Preoperative Preparation 


Mean Weight Loss t Test of Each Group 
During 4-Day Compared to 
Groups Preparation, gm Clear Liquid Group 


Vivonex 38.3+ 7 P <.01 
Flexical ; 38.6+ 9 P <.01 


Clear liquids 57.1 £15 


Clear liquids & 48.0 +19 NS (P = .2-.3) 
parenteral 
antibiotics 


Clear liquids & 51.5+15 NS (P = .3-.4) 
orally administered 
antibiotics 


Table 3.—Weight Gain After Surgery 
Irar ESNE CAE S A A A G O A E Ee 
Mean Weight Gain t Test of 
at Seventh Post- = Each Group, . 
Groups operative Day, gm Compared to Control 


No preparation 0.25 


Vivonex 9.0 NS (P = .2-.3) 


Flexical 11.2 NS (P = .2-.3) 


Clear liquids 27 P <.01 
Clear liquids & 11.9 NS (P = .2-.3) 
parenteral 
antibiotics 
Clear liquids & NS (P = .2-.3) 
orally administered 

antibiotics 
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tein eepletion. An additial 11% decrease in the mean 
tensile strength was noteé when the period of protein de- 
petion was extended to six weeks. In contrast, Calloway 
e al could not increase the strength of healing wounds by 
preoperative “protein loading” in the normal rat." In the 
present study, a short period of protein and caloric deple- 
ton associated with a four-day colon preparation did not 
result in a statistically significant difference in wound 
anastomotic strength in any experimental groups. In ad- 
Gition, the added ea ories and protein in the form of ele- 
mental diet apparently dd not enhance wound healing. 
These data and the previoas studies of other investigators 
suggest that the use of elemental diets for their added nu- 
tritimal value in ncrmal subjects undergoing short-term 
preoperative bowel preparation is probably not justi- 
fed. =: 

Although elemental dies may not be of great value in 
shortterm nutritional support prior to operation, Winitz 
et al have shown that glucose-based elemental diets sub- 
stancially reduce the colonic flora.’ Elemental diets con- 
taining sucrose as the mam carbohydrate appear to be less 
effeczive in decreas. ng the numbers of organisms and in 
partzcular the numer of bacteroides in the stool.’ Ele- 
mental diets containing glucose (Vivonex) and sucrose 
‘Flexical) were used in this experiment. 

Peth, Cohn,’ anc Hafrer® have argued strongly for the 
ase of orally administered antibiotic bowel preparation. 
Altemeier et al showed that parenteral antibiotics given 
For 72 hours following operation are effective in decreas- 
ng the incidence of postcperative infection.’* In addition, 
shese investigators felt -hat the use of parenteral anti- 
viotics avoids the complications of enterocolitis caused by 
the intraluminal evergrowth of pathogenic strains of bac- 
teria when orally administered antibiotic preparations are 
usec. Infections of zhe abdominal wall by these organisms 
is likewise avoided’ In the present study, however, we 
did aot observe any majer differences between orally ad- 
ministered antibiozics, parenteral antibiotics, elemental 
diets, or simple meehanicl cleansing regimens in relation 
to the incidence ef postoperative infection or wound ten- 
sile strength. These laboratory data support recent clinical 
observations. In a small, although unrandomized, group of 
patients, Johnson cbserv2d no differences in the incidence 
of postoperative irfectim in one group of patients pre- 
pared for colon surgery with orally administered anti- 
biotics and a comparable group of patients receiving ele- 
mertal diet.” 

In the present experiment, animals receiving mechani- 
cal preparation aone attained the best postoperative 


weight gain suggesting the importance of normal intesti- 
nal flora. Changes in the normal intestinal flora induced 
by antibiotics and elemental diet may lead to alterations 
in intestinal absorption and postoperative nutrition. Dur- 
ing clinical trials Winitz et al showed that in human sub- 
jects who were not operated on, four days are required for 
the fecal flora to return to normal after discontinuation of 
an elemental diet. These changes may not be important 
in the usual patient who does not eat for several days fol- 
lowing surgery. Clinical reports demonstrating a higher 
incidence of wound infection following postoperative oral 
administration of antibiotics indicate the prolonged use of 
these drugs or elemental diets should be avoided.**" 

The experimental data of Vink** and Cohn and Atik” 
and the clinical observations of Herter and Slenetz* sug- 
gest that the use of orally administered antibietics in in- 
stances of colon cancer may result in a greater incidence 
of tumor recurrence at the anastomotic suture line. The 
mechanism is unknown; however, most authors suspect a 
relationship between the antibiotic-induced reduction of 
the intestinal microflora and this phenomenon. The effect 
of elemental diet on tumor recurrence, to our knowledge, 
is yet to be determined. 

These data and other clinical observations suggest that 
elemental diets are as effective as orally administered an- 
tibiotics in decreasing the incidence of postoperative in- 
fection.» Our data, however, further suggest that ele- 
mental diets or antibiotics were not significantly superior 
to mechanical preparation alone. In addition, elemental 
diets did not prevent anastomotic leak or enhance anasto- 
motic wound tensile strength. Although no significant dif- 
ferences were observed between the two elemental diets 
used in this experiment, previous studies suggest that a 
glucose based diet is more effective in decreasing the num- 
ber of organisms of the resident intestinal flora.” 

In the present study, animals receiving elemental! diets 
had statistically less preoperative weight loss. This sug- 
gests that when a long period of mechanical preparation is 
anticipated, the added nutritional support of these diets 
may be of value, particularly in the chronic debilitated pa- 
tient. 

These data indicate that mechanical bowel preparation 
using clear liquids and cathartics remains the key aspect 
of short-term preoperative colon preparation. 


Nonproprietary Name 
and Trademark of Drug 


Cephalothin sodium—Keflin. 
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Discussion 


RoBErT E. Connon, MD, Milwaukee: I want to thank Dr. Coo- 
ney, Dr. Grosfeld, and their colleagues for asking me to discuss 
their paper and for allowing me to read their manuscript prior to 
the start of the morning session. Unfortunately I am not really 
sure what I can say about it, because in the area in which most of 
us would be most acutely concerned, that is, wound infection rate 
and problems with anastomotic tensile strength, the study did not 
demonstrate any differences between the various groups. This is 
not surprising, in view of the change in wound infection rates to 
be expected. It requires larger experimental groups than 15 to be 
able to demonstrate differences at the rates that are to be ex- 
pected. 

We came across the same problem in our own studies of me- 
chanical bowel preparation combined with neomycin and erythro- 
mycin, work that was presented to the American Surgical Associ- 
ation last year. We started out to do a prospective study of orally 
administered antibiotic bowel preparation in clinical patients and 
ended up having randomized 20 patients to ten controls and ten 
treated. The controls had three rather serious wound infections; 
the treated group had none. The residents decided that, as far as 
they were concerned, the end results of the study were in hand. 
We pleaded with them that we had not yet achieved significance. 
They said that really did not interest them; the three major infec- 
tions they had seen with their own eyes were enough. 

Since then, ad hoc treatment with neomycin and erythromycin 
in excess of 100 consecutive elective colon resections has been 
without a wound infection. The latter statement, although it is 
suggestive and to some people even persuasive, is no stronger evi- 
dence than we see in this morning’s experimental study in the rat. 
We are in the process of trying to organize a multi-institutional 
study within the Veterans Administration that will directly get at 
this issue. 

JAMES C. Dry, MD, Richlands, Va: This paper reinforces the 
findings that came out of Harvard at the Massachusetts General 
Hospital in 1940 through 1949, 30 years ago. They had two divi- 
sions. Both of them had routine mechanical preparation and one 
had an added sulfonamide preparation that sterilized the colon. 
They found no significant difference. 

There is another aspect of this. Dr. Altemeier has found that 
the rate of recurrent carcinomas of the suture line increased in 
patients who have had their bowel sterilized. I certainly agree 
with the findings here. I think you probably do better without this. 

Another point interests me, and I hope you can help me on this. 
Concerning the measurement of the tension and strength of the 
anastomosis, and so forth, I have been wondering about the ab- 
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dominal incisions. I was brought up and trained to do transverse 
abdominal wall incisions. I thought it was generally agreed that 
people with transverse incisions had greater wound strength and 
tensile strength. I finally looked it up, and Dr. Hamilton, a former 
member of this society, made some studies about penetrating 
wounds of the abdomen in general. He had a sentence in his report 
about tensile strength. That is the only thing I have ever found 
about the subject. Dr. Hamilton referred to a man who measured 
two patients, one transverse and one vertical, and compared the 
strength of the suture lines. He stated that the transverse was 
significantly stronger. 

DR. GROSFELD: Concerning Dr. Condon’s comments, these data 
and some other clinical data do suggest that an elemental diet is 
as good as antibiotics for colon preparation. Although the num- 
bers of animals were relatively small, our data are still statisti- 
cally significant and show that mechanical preparation alone in- 
deed yielded just as good results as either elemental diet or 
antibiotics. I think there is some evidence to go along with Dr. 
Condon’s observation that antibiotics may prevent wound infec- 
tion, but they do not obviate the intestinal manifestations ob- 
served in cases when there is superinfection, as Dr. Altemeier’s 
studies have shown. Indeed, much of these observations are still 
purely clinical impressions. 

Dr. Drye’s comments are appreciated. As pediatric surgeons, we 
are well aware of the importance of the transverse wound. In our 
laboratory, tensiometer studies have shown in newborn animals 
that the transverse wound has approximately 16 times the 
strength of an up-and-down wound. For most pediatric abdominal 
cases, we employ a transverse incision. 

Dr. Swenson, a number of years ago, showed that in a group of 
patients at Children’s Memorial Hospital in Chicago, the dehis- 
cence rate for a midline wound in the newborn was 3.5% to 4.0%, 
and a transverse wound was less than 0.5% of 1%. The use of 
transverse abdominal wounds may have a role in the adult as well. 

We thought this particular study was useful in a number of 
ways. It helped our young residents learn how to do tiny bowel 
anastomoses quite successfully in small animals, which yields ex- 
perience prior to attempting this in clinical pediatric surgery on 
small infants. It raised an additional question (yet to be deter- 
mined): what is the effect of the diminution of microflora with the 
use of elemental diets in patients with colon cancer in regard to 
suture line recurrence? We feel this must be completely evaluated 
in determining the usefulness of the elemental diet as a potential 
bowel preparation. 
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Inhibition of Leukocyte Migration 


by Human Tumors 


Effect on Patient Survival 


William H. Welberg, MD 


Survival was determ ned im 41 patients whose tumors contained 
varying amounts of substances that inhibited leukocyte migration in 
vitro. Twenty-two of 23 patients whose tumors inhibited leukocyte 
migration less than 25% lived at least 24 months following diag- 
nosis. Only three of 13 patients whose tumors inhibited leukocyte 
migration 25% or more survwed for a similar period. Since tumor 
preparations inhibit migration of both autogenous and allogeneic leu- 
kocytes, the possibility of nenimmunologic mediation was consid- 
ered. Leukocyte migration was inhibited by substances known to in- 
crease adenosine 3’:5’-cyclic monophosphate. Production of such 
subszances could be the mechanism by which tumor preparations in- 
hibit leukocyte migration. 


j ipi interaction between immunocompetent leuko- 
cytes and tumor cels appears to be a very intricate 
and importent prozess ia host resistance to cancer. This 
interaction ean be studied in vitro in the colony inhibition 
test system. In this system it can be shown that lympho- 
cytes can kill autochthonous tumor cells." The addition of 
serum obtained from patents with tumors frequently pre- 
vents lymphocytes from destroying tumor cells.*° This ef- 
fect is called “blocking.” Other serum preparations, when 
added to the colony inhibition test system, overcome this 
“blecking” effect end lymphocytes are again able to de- 
strey tumor cells.*" Stud_es have shown that serum prepa- 
rations exert a similar effect in the intact animal.’ 

In the intact animal, eukocytes must arrive in the vi- 
cinity of the tumor by chemotaxis or by some other pro- 
cess. Studies indicete thet leukocyte migration is impaired 
in some cancer petients. Skin abrasion studies* demon- 
strate impairment of macrophage migration to a site of 
abrasion in cancer patieats.’® This impairment of migra- 
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tion may explain why patients with advanced cancer re- 
spond poorly to the antigens commonly used te evoke de- 
layed cutaneous sensitivity. Similarly, impairment of 
leukocyte mobility could explain why patients with ad- 
vanced cancer are less likely to develop contact sensitivity 
to dinitrochlorobenzene than are either normal individuals 
or patients with early cancer.'’” 

Depression of the functional capacity of leukocytes seen 
in cancer patients may be due either to intrinsic defects in 
leukocytes or to factors present in the serum. Leukocytes 
from cancer and normal patients migrate similarly (un- 
published data) and respond similarly to allogeneic stimu- 
lation. However, systemic release of the substances pres- 
ent in tumors that inhibit in vitro leukocyte migration'*"’ 
could inhibit in vivo leukocyte mobility. The presence of 
such substances could also explain why serum from cancer 
patients inhibits lymphocyte transformation by phytohe- 
magglutinin.'**' If this were the case, patients with tu- 
mors that produce leukocyte inhibitory substances might 
have a poorer prognosis than patients with tumors that do 
not produce such substances. The present report shows that 
patients with tumors that inhibit in vitro leukocyte mi- 
gration die significantly sooner than do patients with tu- 
mors that do not inhibit migration. Also reported are 
studies that indicate that adenosine 3’:5’-cyclic monophos- 
phate (cyclic AMP) inhibits leukocyte migration. Produc- 
tion, by tumors, of substances that induce leukocyte 
adenylate cyclase could be the mechanism by which tumor 
preparations inhibit leukocyte migration. 


Materials and Methods 


Tissue was obtained from consecutive patients who had re- 
sectional cancer surgery at university hospitals and from whom 
adequate amounts of tumor and corresponding normal tissue were 
removed at surgery. Five patients received more than minimal 
adjuvant chemotherapy, but none of these survived 24 months. 

The techniques used to study leukocyte migration were previ- 
ously described.” Briefly, equal amounts of surgically excised tu- 
mor and normal tissue were disintegrated by ultrasound in Eagle 
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Fig 1.—Survival of 28 patients whose tumors inhibited leukocyte 
migration less than 25%. 
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medium. Leukocytes obtained from the patients on the first or sec- 
ond postoperative day were placed in capillary tubes. The capil- 
lary tubes were placed into medium that contained the ultrason- 
ically prepared extracts of either tumor or normal tissue. The 
protein concentration in the medium, as determined by the Lowry 
method,” varied only slightly between normal and tumor prepara- 
tions from the same patient. The amount of protein in the medium 
ranged between 1 and 5 mg/ml for various patients. The distance 
the leukocytes migrated in 20 hours was determined. Experiments 
in which the Student ż test showed leukocyte migration to differ in 
the presence of normal and tumor tissue with P > .10 were consid- 
ered to differ insignificantly. Percent inhibition of migration for 
each patient was calculated by dividing the difference between mi- 
gration in the presence of normal tissue and in the presence of tu- 
mor tissue by the migration in the presence of normal tissue and 





Alive 24 mo or More 
Tumor Following Diagnosis 


Breast 14 


Table 1.—Inhibition of Leukocyte Migration Produced by Tumors of Various Origins 


Dead Within 24 mo 
Following Diagnosis 


Colon 4 5 1 
Lung 1 2 3 
Other* 6 10 9 7 


Patients alive 


6 12 18 24 
months 


Fig 2.—Survival of 13 patients whose tumors inhibited leukocyte’ 
migration 25% or more. 


multiplying by 100. | 
In specific experiments, 0.1 mg/ml of purified protein derivative 
of tuberculin (PPD) was present in the medium. 


Results 


Prognosis and Leukocyte Migration.—The 41 patients in 
this study were divided into two groups: 28 patients whose 
tumor extracts inhibited leukocyte migration less than 
25% and 13 patients whose tumor extracts inhibited leuko- 
cyte migration 25% to 100%. The duration of survival (tu- 
mor diagnosis to tumor death) was determined for each 
patient. Twenty-two of the 28 patients whose tumors in- 
hibited leukocyte migration less than 25% survived for at 
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* Sarcoma and melanoma, four; thyroid, oral, stomach, two each; ovary, salivary, prostate, larynx, small bowel, anus, one each. 


Table 2.—Effect of Dibutyryl Cyclic AMP and 8-Bromo Cyclic GMP on Inhibition of Leukocyte Migration Produced by PPD* 


Subject 1 Subject 2 
Medium alone 2.67 + 0.76 (10) 4.49 + 0.39 (10) 
2.5% glycerin 2.03 + 0.42 ( 9) _ 3.17 + 0.29 ( 8) 
2.5% glycerin + PPD 1.46 + 0.34 (10) 2.58 + 0.31 ( 7) 


Medium + dibutyryl cyclic AMP 10-3M 
2.5% glycerin + dibutyryl cyclic AMP 10°3M 


2.5% glycerin + PPD + dibutyryl 
cyclic AMP 10°3M 





1.64 + 0.51 ( 9) 
1.41 + 0.53 ( 9) 


2.37 + 0.79 ( 8) 





1.05 + 0.38 (10) 1.91 + 0.30 ( 7) 


Medium + 8-bromo cyclic GMP 10-5M 


2.5% glycerin + PPD + 8-bromo cyclic 
GMP 10-5M 


4.32 + 0.32 (10) 


2.37 + 0.20 ( 8) 





* Distance of migration in millimeters + SD. Figures in parentheses indicate number of trials. 
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Table 3.—Inhibitior of Leukocyte Migration 
Produced by Theophylline 


Inhibition of 
Migration, %* 





5 42 <.001 


* Percent inhibition of migration calculated by dividing difference 
between migration in medium aad in medium + 10-3 theophylline by 
migration insmecium and multipying by 100. 


least 24 menths (Fig 1). The patients whose tumors signif- 
icant'y inhibited leukocyte migration had a much poorer 
survival, with only three of 18 surviving for 24 months 
(Pig 2). This difference is highly significant (P<.005). It 
appears that breast tumors that are usually considered to 
have a goed prognosis are less likely to significantly in- 
hibit leukecyte migration than are lung tumors, which 
usually have a poor prognosis (Table 1). 

Cyclic AMP and Leukocyte Migration.—Data presented 
in Teble 2 demonstrate thet PPD significantly (P<.01) in- 
hibited migration of leukecytes obtained from two sub- 
jecte with positive tuberculin skin reactions. Addition of 
dibu yryl cyelic AMP increased (P=.02) the inhibition 
prodaced by PPD. Dibutyryl cyclic AMP significantly 
(P< 02) inhibited leukocyte migration in these and in six 
othersubjects. Neither leuxocyte migration nor the inhibi- 
tion of leukocyte migratson produced by PPD was af- 
fected by &bromo guanosine 3/:5’-cyclic monophosphate 
(8-bmomo cyclic GMP). 

The results obtained wien theophylline was added to 
the medium in which leukecytes obtained from cancer pa- 
tiens were migrated are shown in Table 3. The degree to 
which theophylline inhibised migration was assessed by 
measurement after a 20-aour incubation period. In five 
subjects, leukocyte migration was inhibited by theophyl- 
line alone. Augmentatiom of the inhibition of migration 
was obtained when theophylline and tissue preparations 
were simultaneously present in the medium (Table 4). 


Comment 


The data indicate that patients who have tumors that 
inhibit leakoeyte migratien have a poor prognosis. There 
was a difference in the percentage of tumors of various 
histalogic types that preduced inhibition of migration. 


Few breast tumor preparations inhibited migration, 
whereas the majority of bronchogenic carcinomas did so. 
It should be emphasized that the demonstration of corre- 
lation between leukocyte migration and prognosis does 
not necessarily imply a causal relationship. The PPD in- 
hibited migration of tuberculin-sensitized leukocytes, 
which indicates that the system used in the present exper- 
iments is capable of detecting prior leukocyte sensi- 
tization.***° 

The possibility that leukocyte migration was inhibited 
by an immunologic mechanism became unattractive when 
tumor preparations were found to inhibit migration of 
both autogenous and allogeneic leukocytes.’ The possi- 
bility of a chemical mediator was therefore explored. Sub- 
stances known to increase cyclic AMP have been shown to 
decrease fibroblast motility,” macrophage migration,” 
and leukocyte chemotaxis.” It was not surprising to find 
that dibutyryl cyclic AMP and theophylline inhibited leu- 
kocyte migration. Leukocytes appeared to generate suffi- 
cient cyclic AMP to inhibit their own migration when 
phosphodiesterase activity was inhibited by theophylline. 
Estensen et al? found 8-bromo cyclic GMP to reverse 
dibutyryl cyclic AMP produced inhibition of neutrophil 
chemotaxis. A similar role for 8-bromo cyclic GMP was not 
demonstrated in our study. Substances such as cyclic AMP 
and theophylline that increase cellular cyclic AMP de- 
crease the response of macrophage to migration inhibitory 
factor.*° However, the addition of such substances pre- 
vented neither PPD nor tumor preparations from inhib- 
iting leukocyte migration in our system. 

It is concluded that the phenomenon observed when tu- 
mor preparations inhibit leukocyte migration is not neces- 
sarily immunologically mediated but may be caused by 
substances that increase cyclic AMP in migrating leuko- 
cytes. 


This investigation was supported by Public Health Service grants CA- 
05953 and CA-06749. 


References 


1. Hellstrém IE, et al: Demonstration of cell-bound and humoral 
immunity against neuroblastoma cells. Proc Natl Acad Sci USA 
62:1231-1238, 1968. 

2. Hellström I, et al: Cellular and humoral immunity to differ- 
ent types of human neoplasms. Nature 220:1352-1354, 1968. 

3. Baldwin RW, Embleton MJ, Robins RA: Cellular and humor- 
al immunity to rat hepatoma-specific antigens correlated with tu- 
mor status. Int J Cancer 11:1-10, 1973. 

4. Hellström I, et al: Serum-mediated protection of neoplastic 


Table 4.—Inhibition of Migration Produced by Various Substances* 


Normal 
Tissue 
Theophylline 10-°M Sonicate 


106 30.5 
246 47.4 
416 (28.3) 





Normal Tissue Sonicate 


Tumor Tumor Sonicate 
+ Theophylline Sonicate + Theophylline 


44.4 57.6 79.9 
47.4: 42.3 38.8 
(12.8) (15.8) 48.9 


* All values expressed as percentages. Those in parentheses indicate increased migration. Inhibition of migration calculated by dividing dif- 
fereace between migration in medium alone and in presence of test substance by migration in medium alone and multiplying by 100. 
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Discussion 


JERRY C. ROSENBERG, MD, Detroit: Dr. Wolberg was kind 
enough to let me read his manuscript, and we had an opportunity 
to discuss it. As you may recall, last year at this meeting a paper 
on the same subject was given. Then I discussed our experience 
with the assay based on the migration of leukocytes as a means of 
assessing immunologic reactivity. At that time I criticized the 
method because I thought that, when we tried to use it, it had 
many pitfalls. It did not seem to reflect immunologic reactivity, 
and, indeed, this is what Dr. Wolberg told us—that the inhibition 
of the migration of leukocytes by tumor extracts does not seem to 
be an expression of immunologic specificity. 

The fascinating thing that Dr. Wolberg points out is that what- 
ever causes this inhibition of leukocyte migration seems to be cor- 
related with survival of the patients, so that the greater the inhi- 
bition of leukocyte migration, the poorer the survival. This, I 
think, is a fascinating observation and one that may have some 
important significance in tumor biology. However, I have a few 
questions to ask Dr. Wolberg regarding his observations. 

First, do all tumors have a material that inhibits leukocyte mi- 
gration, or could this possibly be an artifact of the means whereby 
we extract tumor antigens? 

The tumor extract is a rather heterogeneous material. Many 
substances are elaborated during this process due to the break- 
down of cells. Lysosomal enzymes, for example, may nonspecif- 
ically inhibit leukocyte migration. 

Second, in his analysis of survival he selected 25% as the cutoff. 
Why? Is there any biologic significance to that? Would the data 
have looked different if he had selected 20%, 30%, or 15%? 

I would like to see a correlation coefficient worked out between 
survival and migration inhibition values. Is there a significant cor- 
relation coefficient between the survival of patients and the inhibi- 
tion of migration of leukocytes? 

I think your observations are very interesting, Dr. Wolberg, 


214 Arch Surg/Vol 109, Aug 1974 


and I am sure you have opened up an area that others are going to 
be actively studying. 

Dr. WOLBERG: I wish to thank Dr. Rosenberg for his extremely 
perceptive comments on this paper. He has pointed out some of 
the areas that need further clarification. 

I would like to emphasize that up until this time many people 
have observed the fact that tumors inhibit leukocyte migration, 
but nobody understood its significance. So, even though the leuko- 
cyte migration system is crude, we have at least preliminary in- 
formation regarding its clinical significance. 

The 25% cutoff point was arbitrarily selected. I ran the data at 
20% and the significance was the same. I ran them at 30% and the 
significance was even greater. In this system, with its intrinsic 
variation, a point has to be arbitrarily selected that has a moder- 
ate degree of experimental significance. We arbitrarily selected 
the 25% level, but analysis at other levels showed that the point se- 
lected did not alter the significance of the data. The correlation co 
efficient is difficult to determine. A bronchogenic carcinoma pro- 
duced the most inhibition observed in the system, but the patient 
has survived considerably longer than 24 months. I think we as 
surgeons have to accept that sometimes we are able to cure some 
patients with the operation despite the biologic characteristics of 
the tumor. I do not think we can expect an absolute correlation co- 
efficient in such studies. 

I agree with Dr. Rosenberg that there is a possibility that sub- 
stances that inhibit leukocyte migration may be produced during 
the processing of the tissue preparations. This is a universal prob- 
lem with any in vitro system. If this were the case, however, we 
would conclude that during processing of tumors, tumors that 
have a poor prognosis produce substances that inhibit leukocyte 
migration, and that such substances are not produced by tumors 
that have a good prognosis. The experiments and observations 
would still be valid, but the interpretation could be different. 
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Extracranial Internal Carotid and 
Vertebral Artery Fibrodysplasia 


James I. Stanley, MD; William J. Fry, MD; Joachim F. Seeger, MD; 


Gary L. Hoffmaa, MD; Trygve O. Gabrielsen, MD 


Arteria! fibrodysplastic lesion: involving the extracranial internal 
carotid and vertebral arteries were encountered among 15 women 
ranging in age from 21 to 79. Concomitant renal artery dysplasia 
wes noted in fivepatients, including three with associated lesions in- 
vowing the celiae or superior mesenteric vessels. Multiple intracra- 
nial aneurysms were found in seven patients. Rupture of these aneu- 
rysms with subarachnoid hemorrhage occurred in four patients and 
was thescause of death in three. Cerebral ischemic symptoms in cer- 
tain instances may result from extracranial cerebrovascular fibro- 
dysplasia. Considerable caution was used in selection of patients for 
surgery Graduated intraluminal dilation of the internal carotid artery 
was pertermed on five occasions in this series. The pathogenesis of 
this disease ts unknown. Hormenal influences and traction-stretch 
stresses to the vascular wall areamolicated in the evolution of fibro- 
dysplastic carotic and vertebral artery lesions. 


xtracrania. internal carotid and vertebral artery fi- 
bredysplasia is a disease of unknown cause and unde- 
termined clinical importane. Beyond the simple assertion 
that certain of these lesions may cause cerebral ischemic 
3symptems lies considerable controversy. A review of the 
current body cf knowledge concerning extracranial cere- 
brevaseular fibrodysplasia'~* and an analysis of the au- 
thers’ experience witk this entity provide the basis of this 
report. 


Clinica Material 


Fifteen patierts with arterzal dysplasia affecting the extra- 
cranial internal carotid and vertebral vessels have been encoun- 
tered at the University of Michgan Medical Center since 1969. All 
patients were wemen. Their ages, ranging from 21 to 79 years, 
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averaged 50.8 years. Distant fibrodysplastiec lesions as well as in- 
tracranial aneurysms were frequently identified, lending support 
to the possibility that this disease represents a generalized arte- 
riopathy. 

Morphologic Character and Location of Arterial Lesions.—Internal 
carotid artery fibrodysplasia affected all but one of the 15 patients 
(Table 1). These lesions typically involved a 2- to 6-cm segment of 
the internal carotid artery at a level from the first to the third cer- 
vical vertebrae. Characteristic of this disease were areas of ste- 
nosis with intervening small mural aneurysms consistent with 
medial fibrodysplasia (Fig 1). Involvement of the common carotid 
artery bifurcation, or extension into the internal carotid artery 
beyond the base of the skull was not observed. Bilateral internal 
carotid artery fibrodysplasia (Fig 2) was documented in eight pa- 
tients (Table 1). Two additional patients, 21 and 45 years old, with 
dysplastic lesions of the left internal carotid artery were found to 
have total occlusion of the right carotid vessel. Dissection and 
thrombosis such as occasionally affect fibrodysplastic renal ar- 
teries may have produced these occlusions. The remaining pa- 
tients with carotid disease all had right-sided lesions. 

Vertebral artery fibrodysplasia affected six of 14 patients in 
whom one or both vertebral vessels were studied (Tabie 1). Two 
additional patients had arteriographic evidence suggesting min- 
imal fibrodysplastic involvement of the vertebral arteries. Among 
those with obvious disease, two were shown to have bilateral dis- 
ease. Dysplastic lesions occurred in various locations, from the 
vertebral artery origin to the level of the atlas. Stenoses occurred 
near the vessel’s origin and at the second cervical level. Aneu- 
rysmal changes were observed at the second, fifth, and sixth cervi- 
cal levels in one patient and at the fifth cervical level in another 
(Fig 3). These had the distinct appearance of small intramural an- 
eurysms, similar to those associated with limited dissections in 
other vessels. Four patients with vertebral dysplastic changes, in- 
cluding the two with extracranial vertebral aneurysms, had intra- 
cranial aneurysmal disease. Four patients with vertebral disease 
had documentation of renal artery fibrodysplasia, including two 
with dysplastic lesions of splanchnic vessels. 

Intracranial berry type aneurysms were present in seven of the 
15 patients (Table 1). Multiple aneurysms affected all but one of 
these patients. As a group these individuals harbored a total of 14 
intracranial aneurysms. Most commonly involved were the supra- 
clinoid portion of the internal carotid artery (three aneurysms), 
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Table 1.—Extent of Arterial Dysplasia 


Extracranial Extracranial Intracranial 
Internal Carotid Vertebral Aneurysmal Noncerebrovascula, 
Patient Age, yr/ Sex Fibrodysplasia Fibrodysplasia Disease Fibrodysplasia 
1 21/F (R occluded),L No No Unknown *# 
2 27/F No L R cavernous carotid, Unknown* 
(aneurysm) L vertebral (posterior inferior 
cerebellar artery 
L posterior communicating 
3 37/F R,L R No R and L renal, celiac, 
superior mesenteric 
4 43/F R,L No R cavernous carotid, Unknown* 


L pericallosal 
5 43/F R,L R,L R middle cerebral, R and L renal 
(3 aneurysms) basilar (fusiform) 
6 45/F (R occluded),L No No Unknown* 


7 T Gn 
OT ee R ee ee eee 
` i “ i - i 


7 53/F R No R and L middle cerebral, R renal, superior 
(occlusion L posteror mesenteric 
cerebral) 

8 54/F R,L (Possible disease L supraclinoid carotid, Unknown* 

on R) L anterior communicating 
9 54/F R L Anterior communicating R and L renal 
10 55/F R R,L Unknown* R renal, superior mesenti 
L external iliac 
11 55/F R,L L,(R unknown*) R and L supraclinoid Unknown* 
carotid 
12 60/F R,L (Possible disease No Unknown* 
on L) 
13 66/F R,L No (L occluded) No Unknown* 


14 69/F R,L No No No 
15 79/F R,(L unknown*) Unknown* Unknown* Unknown* 


* Unknown, arteriographic examinations not performed. 


the middle cerebral artery (three aneurysms), the cavernous por- 
tion of the internal carotid artery (two aneurysms), and the ante- 
rior communicating artery (two aneurysms). Dysplastic altera- 
tions in vessels adjacent to the aneurysms were not apparent. 
Noncerebrovascular fibrodysplasia affected five patients (Table 
1). Bilateral renal artery lesions in three patients, and involve- 
ment of the right renal artery in two others were characteristic of 
medial fibrodysplasia. Similar disease of the superior mesenteric 
artery a few centimeters beyond its origin affected three of these 
five patients. Two patients having superior mesenteric artery le- 


sions also demonstrated minimal dysplastic changes of the exter- 


nal iliac artery and marked celiac artery stenosis, respectively. 

Signs and Symptoms.—Apparent neurologic disorders affected all 
but three of the 15 patients. One patient with renal artery fibro- 
dysplasia had no symptoms of cerebrovascular disease but was 
studied because of an abnormal cerebral perfusion study obtained 
following an earlier automobile accident (patient 9, Table 1). A 
second patient with known renal artery aneurysmal disease and 
fibrodysplasia was recognized when studied for an asymptomatic 
neck bruit (patient 10, Table 1). The third patient, being evaluated 
for a severe closed head injury, had no previous history suggestive 
of cerebrovascular dysfunction (patient 15, Table 1). 

Four patients possessed symptoms thought referable to extra- 
cranial cerebrovascular fibrodysplasia. Progressively worsening 
positional syncopal episodes affected one individual (patient 1, 
Table 1). Vertiginous attacks with visual aberrations suggesting 
vertebrobasilar insufficiency occurred in two individuals (patients 
3 and 5, Table 1). Complaint of a neck bruit in the high cervical re- 
gion was the initial symptom in one case (patient 4, Table 1). An 
asymptomatic intracranial pericallosal aneurysm discovered dur- 
ing arteriographic evaluation of the neck bruit resulted in subse- 
quent subarachnoid hemorrhage and death before recommended 
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elective surgical therapy was undertaken. 

Cause-effect relations were suspected but not clearly estab- 
lished between extracranial vascular lesions and frequent “dizzy 
spells” in two individuals (patients 13 and 14, Table 1), and hemi- 
paresis in two others (patients 6 and 12, Table 1). Four remaining 
patients had neurologic symptoms attributed to other cerebro- 
vascular disease processes not associated with extracranial ca- 
rotid or vertebral artery lesions (patients 2, 7, 8, and 11, Table 1). 
Sustained arterial hypertension in 11 of the 15 patients, use of an- 
tiovulant drugs, and repeated pregnancies may prove important 
findings among these patients (Table 1). 

Management.—Disabling symptomatology ascribed to extra- 
cranial cerebrovascular disease affected only three of the 15 pa- 
tients. They were subjected to operative intervention on five sepa- 
rate occasions (patients 1, 3, and 5, Table 1). Their clinical 
manifestations were unusual. Bizarre syncopal attacks, precipi- 
tated by certain positional changes of the head and neck in a pa- 
tient with complete occlusion of one internal carotid artery and 
contralateral internal carotid fibrodysplasia, were believed the re- 
sult of transient cerebral ischemia. Similarly, bilateral extra- 
cranial internal carotid artery stenoses in two other patients, one 
with associated vertebral artery hypoplasia and another with bi- 
lateral vertebral artery fibrodysplasia, were considered respon- 
sible for reductions in total cerebral blood flow and production of 
vertiginous episodes and altered vision. Considerable effort was 
exercised in excluding other causes of patients’ symptoms before 
embarking on surgical therapy. 

Graduated intraluminal dilation of diseased internal carotid ar- 
teries in these patients proved satisfactory in restoring vessels to 
normal diameters and configuration. Unilateral internal carotid 
artery dilation in the patient with positional ischemic episodes 
lessened the severity, but did not completely eradicate the pa- 
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ositional syncope; antievulants; dilation of L internal carotid artery 


Subarachnoid hemorrhage with survival: all aneurysms treated surgically 


/ertig:nous episodes and altered vision; hypertension; revascularization 


of R renal and superior mesenteric arteries; dilation of R and L internal 
carotic arteries 


symptomatic aeck bruit subarachnoid 1emorrhage and death 


/ertiginous episodes and altered vision hypertension; revascularization 
of R renal arterymdilacion of R and L internal carotid arteries 


Acute L hemiparesis (permanent deficit 





Acute R hemiparesis (transient ceficit); hypertension; revascularization R 


renal artery 





Subarachnoid hemorrhage amd death; hypertension; polycystic kidneys 





Asymptomatic; antiovulants; hypertens on 


Asymptomatic neck brut; hypertension grand multiparous; revasculari- 
zation R remal artery 


Subarachnoid hemorrhage amd death; hypertension 





Progressive L hemiparesis (permanent deficit); hypertension; grand 
multiparous 

Dizziness; hypertension 

Dizziness; hypertension 

Asymptomatic; hypertension; closed-head injury caused death 





tient’s symptoms. Staged dilation in two patients with bilateral 
carotid disease resuited in complete amelioration of symptoms in 
one ard appareat remission in the other. Occasional “light-headed- 
ness” has beer experienced by the latter patient. Postoperative 
arteriography n all three patients revealed the dilated internal 
carotid artery 0 beef near normal caliber. The duration of post- 
operative follow-up rarged from nine to 22 months. Final assess- 
ment of long-term therapeutic results remains to be established. 
Existence ef stenotic lesions and associated minimal or ill-defined 
neurologic symotoms have not been a basis for operative interven- 
tion. 


Comment 


Internal Carotid Artery Disease.—Fibrodysplasia of the 
extracranial nternal carotid artery was first reported by 
Palubinskas and Ripley in an addendum to an article pub- 
lished in 1964.28 Shortly thereafter, that same year, Javid 
described this entity in his discussion of an article by Hill 
and Antoniw.: One hurdred thirty-eight patients, ex- 
dudiag those presently reported, with fibrodysplastic ex- 
tracranial internal carotid artery lesions have been de- 
scribed in the literature.’ Sixty-four percent of the cited 
patients had bilateral disease. This disorder was encoun- 
terec in 0.25% and 0.68% of patients in two separate stud- 
ies encompassing more tkan 2,000 and 7,500 carotid arte- 
riographic examinations, respectively.'*° The 15 patients 
in the present report were among 3,600 patients under- 
going cerebral angiographies at the University of Mich- 
igan Medica Center during a four-year period. Extra- 


cranial dysplastie lesions may have gone unrecognized at 
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Fig 1. esd basin internal carotid artery dysplasia adjacent to 
first through third cervical vertebrae. Mural aneurysms alternating 
with circumferential stenoses are characteristic of medial fibro- 
dysplasia. 


Fig 2.—Bilateral extracranial internal carotid artery fibrodysplasia 
(arrows) affected eight of 15 patients (composite arteriogram of in- 
dividual carotid studies). 
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Fig 3.—Saccular aneurysms (arrows) of vertebral artery in 43-year-old woman (left) and 27-year-old woman (right). Vertebral fibrodysplasia 


affected six patients. 


times, as many of these examinations were limited to in- 
tracranial studies with incomplete visualization of neck 
vessels. The true incidence of this disease among unse- 
lected patients should be predictably lower. Presence of 
symptomatic extracranial stenoses or intracranial aneu- 
rysm may reflect a systemic arterial dysplasia. This possi- 
bility invalidates direct extrapolation of frequencies 
reported from active neuroradiologic centers, to the inci- 
dence of dysplastic lesions in the general population. 
Women accounted for 86% of the 101 patients reported 
previously in whom sex was mentioned. Among these pa- 
tients the average female age was 55.6 years (range, 29 to 
71), and the average male age was 51.5 years (range, 8 to 
82). 

Vertebral Artery Disease.—Only 15 patients with extra- 
cranial vertebral artery fibrodysplasia, exclusive of this 
study’s six patients, are known.* These lesions are un- 
doubtedly more common than inferred from the paucity of 
existing cases, in that complete cerebral angiography has 
not been described in many of the earlier reports. Clinical 
data concerning vertebral artery dysplasia are sparse, al- 
though a female predilection similar to that with carotid 
lesions exists. Saccular aneurysms of the vertebral artery, 


*References 1, 2, 6, 10, 12, 16, 25, 33, 36. 
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like those observed in two of our patients, have, to our 
knowledge, been described only once before.” 

Associated Arterial Disease.—Intracranial aneurysms 
have been reported in association with extracranial cere- 
brovascular dysplastic lesions in 22 patients, including 15 
in whom subarachnoid hemorrhage occurred.+ The exact 
relation between arterial dysplasia and berry aneurysms 
of the cerebral circulation is unclear, although their histo- 
logic similarities are well known. Intracranial arteries are 
occasionally the site of recognizable fibrodysplasia,t yet 
coexisting aneurysmal disease does not appear to develop 
in these particular vessels. Notwithstanding possible pre- 
selection of patients in the present study, as well as in the 
reports of others, the association of extracranial fibro- 
dysplasia and intracranial aneurysms would seem to be 
more than a happenstance. 

Distant dysplastic lesions have occurred with an un- 
usual frequency among patients having carotid and verte- 
bral disease. Renal and splanchnic vessels have been re- 
ported to be most frequently involved.':*:* %*8-25.26.99 Fiye of 
six patients in the present series undergoing abdominal 
aortography manifest fibrodysplastic changes of the aor- 


References 1, 2, 7, 10, 11, 16, 25, 26, 33, 35. 
tReferences 1, 2, 18, 17, 26, 31, 37-39. 
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Fig 4.—Multiple subcritical stenoses in series (left) and isolated critical stenosis (arrow) in tortuous fibrodysplastic internal 
carotid artery (right) may account for altered cerebral blood flow. 


Fig 5.—Arteriograms ot 37-year-old woman. Demonstration of fibrodysplasia before dilation (left) and satisfactory postoper- 


ative appearance of dilated internal carotid artery (right). 
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Procedure 
Dilation* 
Dilation alone?1,22, 25,29 and this report 
Dilation & bifurcation endarterectomy with patch graft25 


Resectiont 
Resection with primary anastomosis®,29 
Resection with primary anastomosis & dilation25 
Resection with vein patch graft & dilation2 
Resection with autogenous vein graft, 12,36 
Angioplasty 
Angioplasty with vein patch graft20 
Angioplasty with arterial patch graft2? 
Angioplasty with prosthetic patch graft32 
















* Includes three bilateral operations. 
t Includes two bilateral operations. 
t Unknown outcome in one case. 

§ Carotid artery thrombosis. 


tic branches to the kidneys and intestine. These findings 
tend to substantiate the suspected generalized nature of 
arterial dysplasia in patients with known extracranial 
cerebrovascular lesions. 

Pathogenesis.-The cause of extracranial internal 
carotid and vertebral artery fibrodysplasia remains un- 
known. Evidence exists to implicate certain events associ- 
ated with evolution of dysplastic lesions. Pathologic 
changes suggesting medial fibrodysplasia occurred in all 
but a few of the limited number of carotid artery speci- 
mens subjected to histologic study.™+-8-13.20.25,31.32 The prev- 
alence of women having extracranial internal carotid or 
vertebral artery dysplastic lesions and renal artery fibro- 
dysplasia suggests that the pathogenesis may involve hor- 
monal factors. Medial alterations during pregnancy have 
been evoked by the authors in explaining the predilection 
for grand multiparous females to develop splenic artery 
aneurysms.“ Similar hormonal influences, as well as those 
produced by antiovulant progestational drugs, may con- 
tribute to medial degeneration and arterial fibro- 
dysplasia. 

The loci of dysplastic lesions may offer some clue to 
cause. Medial fibrodysplasia most commonly affects the re- 
nal arteries (right more often than left), the upper cer- 
vical portion of the internal carotid, and the proximal 
splanchnic arteries. Unusual stretch-traction stresses oc- 
cur in those vessels where arterial dysplasia occurs. Renal 
artery traction with ptotic kidneys (right being greater 
than left); stretching of the internal carotid artery over 
the upper cervical vertebrae (where aneurysms are most 
common); and traction on the splanchnic vessels with 
changing positions of the attached viscera are believed to 
be important events. It has been suggested that such 
physical factors may alter vessel walls directly or in- 
directly by disrupting the vasa vasorum, and predispose 
them to development of medial fibrodysplasia.*! Vasa 
vasorum of muscular arteries invariably originate from 
parent artery branches. It should be noted that extra- 
cranial internal carotid and vertebral arteries, like the 
main renal artery, have relatively few branches compared 
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Table 2.—Operative Treatment of Symptomatic Extracranial Internal Carotid Artery Fibrodysplasia 
(Includes University of Michigan Experience) 










Postoperative Results 





Operations Excellent-Good Fair-Poor 
13 12 1 
2 2 (0) 
3 3 0 
2 2 0 
1 1 0 
4t 3 0 
1 1 0 
1 0 1§ 
1 1 0 





to other vessels of similar caliber. If vasal nutrient ele- 
ments are indeed diminished, then it seems plausible that 
these arteries would be at greater risk of mural ischemia 
than might otherwise be expected. Arteries such as these, 
subjected to unusual physical stresses in the proper hor- 
monal evironment, are perhaps most likely to evolve fibro- 
dysplastic lesions. 

Clinical Manifestations.-Most patients with extracra- 
nial internal carotid and vertebral artery fibrodyspla- 
sia are probably asymptomatic. However, the protean 
clinical sequelae of this entity in certain cases are of 
great concern. Internal carotid dysplasia, if similar to 
identically appearing renal artery lesions, will progress 
regardless of age. Complete carotid artery occlusion, as 
occurred twice in our experience and as noted by oth- 
ers,*® 23° may represent progressive fibrodysplasia or 
could result from dissections. Cerebral ischemic catastro- 
phes may follow these occlusions. Frequent reports of 
transient and fixed neurologic deficits attributed to ex- 
tracranial cerebrovascular dysplasia are similarly dis- 
concerting. Thrombi have been observed within diseased 
vessels.*?” Although embolization is possible, thromboem- 
bolism has been an almost unheard of complication in 
other fibrodysplastic arteries. Different explanations must 
be sought. Arteriosclerotic disease of cerebral vessels in 
older patients may have caused some neurologic symp- 
toms, but were not suspect in our series. 

Signs and symptoms often suggest gross reductions in 
total cerebral blood flow. Manifestations of cerebro- 
vascular insufficiency such as dizziness, vertigo, and syn- 
cope are sometimes vague and difficult to relate to carotid 
and vertebral lesions. Two, three, and sometimes four ex- 
tracranial vessel involvement is perhaps commoner than 
thought. Turbulent blood flow through multiple subcritical 
stenoses, in series, (Fig 4, left) is a poorly understood but 
possible cause of reduced cerebral blood flow. It is more 
probable that such lesions contain a critical stenosis not 
demonstrable arteriographically when they are clinically 
significant. Stenoses of hemodynamic consequence are 
more likely to occur in markedly tortuous vessels that oc- 
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casionally are associated with arterial fibrodysplasia (Fig 
4 right). Intracranial aneurysms or coexisting hyperten- 
sive vascular disease often makes any attempt to attrib- 
ete a patient’s symptomatology to extracranial cerebro- 
vascular fibredysplasia impossible. Considerable caution 
must be taken when evaluating a patient for operation. 

Surgical Intervention.—Operations for symptomatic ex- 
tracrania! interna! carotid artery fibrodysplasia, including 
jive procedures in our series, have been undertaken a total 
ef 28 times (Table 2). Verczebral artery reconstructions 
aave not been reported. Seventeen carotid dilations, per- 
*ormed at five institutions, represent the preferred ther- 
apy n most cases. This technique was first reported over 
‘ive years ago.” Arterial dilation has proved effective in 
creating similarly diseased renal arteries for periods up to 
seven years.**> Pcsteperative arteriography has estab- 
-ished the patency of dilated carotid arteries (Fig 5). Lim- 
ited dissections involving the distal internal carotid artery 
were noted postoperatively in two of our patients. In nei- 
thercase was encroachment on the vessel lumen or dimin- 
ished flow apparent. 

A few remarks about the dilation technique deserve 
mention. Surgical exposure of the carotid vessels includes 
dissection of the entire extracranial internal carotid ar- 
tery, such that direct visualization of the advancing dila- 
tor is pessible. Intraoperative systemic anticoagulation 
with intravenous administration of heparin sodium (150 
units/kg) should precede dilation. Rigid dilators of in- 
creasing size are edvaneed through a distal common ca- 
rotid arteriotomy, for the full length of the internal ca- 
rotid artery to the base of the skull. Vascular dilators 
utilized had diameters ranging from 1.0 to 6.0 mm, with 
0.5-to 1.0-mm gracations in size. Unrecognized subintimal 
dissections may occur with smaller dilators, and extreme 
care should be taken with their use. Favorable postopera- 
tive results in properly selected cases (Table 2) justify cau- 
tious optimism in treating patients with extracranial in- 
ternal carotid artery fibrodysplasia. 


This investigation wes supported by the University of Michigan Periph- 
eral Vascular Research Fund. 
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Discussion 


CHARLES G. Ros, MD, Rochester, NY: I would like to speak 
about the asymptomatic patient who has fibromuscular hyper- 
plasia of the carotid arteries. 

In our experience, a high proportion of the patients with fibro- 
muscular hyperplasia fall into this category. These patients have 
a bruit, and sometimes they can hear it. Then they have dizzy 
spells or other vague symptoms that are hard to define. The arte- 
riogram demonstrates fibromuscular hyperplasia of the carotid 
arteries. I think most of these patients who are asymptomatic or 
who have these kinds of symptoms are better observed and not op- 
erated on, which is really what Dr. Stanley and his colleagues have 
said. 

I have some interest in this because in 1953 we did an arterio- 
gram on a patient and demonstrated fibromuscular hyperplasia of 
the carotid arteries. I had to wait several years to make the diag- 
nosis because I did not know then what fibromuscular hyperplasia 
was; later on we read the articles from Michigan and others and 
we now know that this patient had fibromuscular hyperplasia. We 
treated the patient conservatively, and I heard from her 20 years 
later. She had no symptoms and was in her late 70s. 

The point is, we have seen some other patients of this kind, and 
I personally believe the majority of those with fibromuscular hy- 
perplasia or vague symptoms, as opposed to clear-cut symptoms of 
a carotid disease, are better treated conservatively. 

There is one question indirectly related to this paper that I 
would like to ask. These patients show such excellent arteriograms 
after dilation of the carotid artery that I wonder what Dr. Stanley 
and Dr. Fry’s results have been with the same kind of operative 
dilation of the renal arteries. In other words, can one get equally 
good postoperative results in that situation? 

Dr. STANLEY: Dr. Rob’s comments are appreciated. His exper- 
tise in vascular surgery is well known and his comments warrant 
particular attention. The fact that most patients with carotid ar- 
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tery fibrodysplasia are asymptomatic, and that operation would be 
of no benefit to them, deserves reemphasis. Casual surgical inter- 
vention has no place among these patients. Only when confronted 
by disabling symptomatology suggesting cerebrovascular insuffi- 
ciency, without other demonstrable causes, should operative ther- 
apy be considered. 

The technique of graduated intraluminal dilation has not been 
used by us in managing main renal artery stenoses. Exceedingly 
excellent long-term results have followed dilation of small seg- 
mental renal vessels. With equally good results using autogenous 
saphenous vein aortorenal grafts, we have not felt justified in ap- 
plying this technique to main renal artery lesions. Dilation of 
large muscular arteries such as the internal carotid and renal ves- 
sels must be considered an unproven surgical procedure presently, 
because of our limited experience and relatively short-term fol- 
low-up. We would advise anyone employing this technique to use 
the dilators with care. The smaller dilators may very easily and 
unwittingly be advanced beneath the intima. Silicone lubricant 
may reduce the drag of the dilator within the vessel, and lessen 
the likelihood of unnecessary intimal disruptions. 

The natural history of this disease is unknown. Two factors are 
of great concern. First is the seemingly frequent recognition of 
totally occluded carotid arteries among these patients. If this is 
commonplace, then a rethinking of the conservative approach is in 
order. The second is the unusual incidence of intracranial aneu- 
rysmal disease and the observation that subarachnoid hemor- 
rhage may be a more common complication among these patients 
than in others with intracranial aneurysms. Increased cerebral 
blood flow following carotid dilation may expose these patients to 
greater risks of aneurysmal rupture. Our experience with extra- 
cranial internal carotid and vertebral artery dysplastic lesions is 
perhaps most important in the information gleaned regarding the 
cause of arterial fibrodysplasia. 
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Constrictive Pericarditis Simulating 
Liver Disease in Children 


Farouk S. Idriss, MD; Hisashi Nikaidoh, MD; Alexander J. Muster, MD 


Constrictive pericard'tis, an uncommon disease of childhood, may 
disguise itself under many different manifestations, at times imitat- 
ing primary liver disease. Three patients who were operated on at the 
Children’s Memorial Hospital for nonspecific constrictive pericarditis 
were initially referred with the diagnosis of liver disease. 

In children with obscure liver enlargement and ascites, one should 
be suspicious of the presence of constrictive pericarditis as an etio- 
logic factor, especially when associated with distended neck veins, a 
smal! heart, and low voltages and flat or inverted T waves on the 
electrocardiogram. The presence of calcifications around the heart is 
pathegnemonic. Catheterization of the right side of the heart with 
measurement of intracardiac pressures and ventricular function is 
helpful in making the proper diagnosis and avoiding an unnecessary 
abdominal operation. 


hroniec constrietive pericarditis, which might be 
mere appropriately called chronic restrictive peri- 
carditis, is a rare disease in childhood. Two cases were 
seen at the Hospital for Sick Children in Toronto among 
280 eases of pericarditis in a 40-year period,’ eight cases 
were encountered at the Mzyo Clinic in 25 years,’ and five 
were seen at the Hospita! fer Sick Children in London dur- 
ing an 18-year period.* At the Children’s Memorial Hospi- 
tal in Chicago we have operated on three patients with 
constrictive pericarditis during the past ten years. Be- 
cause of its protear manifestations, this disease may seem 
initially unrelated zo the heart and pericardium. The asso- 
ciated hepatomegaly and ascites may be misleading and 
the patient considered te be suffering from primary liver 
disease rather than chronic constrictive pericarditis. Shea 
et al? noted this problem in the diagnosis and reported the 
case of an 8-year-old child who was subjected to a lap- 
arotomy and a liver biopsy prior to referral to their insti- 
tution for pericardiectomy. 

Our three patients were all sent to us after an initial 
diagnosis of primary hepatic disease was made and a lap- 
arotomy and liver biopsy performed. This is a report of 
our experience with these three patients, which may help 
in avciding unnecessary abdominal exploration by re- 
emphasizing this vitfall in the diagnosis of constrictive 
pericarditis in the pediatric age group. 


Accepted for publication April ¢, 1974. 
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Report of Cases 


Case 1.—A 7-year-old white boy was admitted to the Children’s 
Memorial Hospital in June 1964 with the chief complaint of ascites 
and intermittent pulmonary congestion. His history revealed that 
he had had neonatal jaundice that cleared at 8 weeks of age. He 
was well and symptomless until 2 years of age, when he started 
having occasional lung congestion and difficulty in breathing. One 
year prior to admission to our institution, an exploratory lap- 
arotomy and liver biopsy were done, and the diagnosis of liver cir- 
rhosis was made. 

The physical examination on admission to our hospital revealed 
marked ascites, hepatomegaly, distended neck veins, and general- 
ized wheezing in the lungs. The blood pressure was 90/60 mm Hg 
and the pulse rate 100 beats per minute. There was bilateral 
pleural effusion on the chest roentgenograms and low voltages, 
nonspecific S-T segment changes, and flat T waves on the electro- 
cardiogram. Because of the distended neck veins and marked 
hepatomegaly and ascites with relatively normal liver function 
studies, constrictive pericarditis was suspected. Cardiac catheter- 
ization and angiography revealed limitation to the heart filling 
and high intracardiac pressures (Table). The diagnosis of constric- 
tive pericarditis was confirmed at surgery, and a radical peri- 
cardiectomy was performed. The patient died on the second post- 
operative day from an uncontrollable severe cardiac failure that 
may have been the result of severe myocardial damage. 

CasE 2.—A 14-year-old white boy was admitted to the Children’s 
Memorial Hospital on April 7, 1971, because of an increasingly 
protuberant abdomen without weight gain during the past nine 
months. 

Physical examination revealed a blood pressure of 110/80 mm 
Hg, a pulse rate of 104 beats per minute, and normal temperature. 
There was no apparent icterus. The abdomen was distended with 
fluid and the liver was 8 cm below the right costal margin. The 
scrotum was swollen and there was 1+ pitting edema over the 
tibia. Examination of the chest revealed dullness and decreased 
breath sounds over the right base and axilla. The first and second 
heart sounds were normal and there were no murmurs. There was 
right pleural effusion on the chest roentgenogram and left atrial 
hypertrophy with notched P and flat T waves on the ECG. The se- 
rum total protein value was 5.7 gm/100 ml, with 2.9 gm/100 ml al- 
bumin and 2.8 gm/100 ml globulin. Results of other ‘iver function 
tests, including transaminase and serum electrolyte levels, were 
within normal limits. An exploratory laparotomy and liver biopsy 
were done. The findings were reported as consistent with mild to 
moderate postnecrotic cirrhosis. 

The patient was discharged from the hospital on diuretics and 
low-salt diet. He was readmitted three weeks later with increas- 
ing abdominal size and recurrent fever. One liter of amber-colored 
fluid was tapped from the abdomen. The chest roentgenogram on 
this admission revealed blunting of the right costophrenic angle, 
and calcifications were noted over the apex and right border of the 
heart (Fig 1). Constrictive pericarditis was then suspected. The 
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Fig 1.—Posteroanterior (left) and lateral (right) views of chest in patient 2. Note that calci- 
fications seen over apex of heart on lateral x-ray film are not well visualized in posteroanterior view. 





Fig 2.—Right atrial pressure tracing of patient 2 demonstrating 
peaked a and v waves and sharp x and y descent. 


diagnosis was confirmed by cardiac catheterization (Table and Fig 
2 and 3). The preoperative serum total protein value was 6.1 
gm/100 ml, with 2.6 gm/100 ml albumin and 3.5 gm/100 ml globu- 
lin. A radical pericardiectomy was performed. His postoperative 
course was uneventful, with complete recovery from his symp- 
toms. 

CasE 3.—A 12-year-old black girl was admitted to another hospi- 
tal with a recent history of anorexia, weight loss, distended neck 
veins, and increase in abdominal girth. After a large number of 
studies and tests, she was diagnosed as having ascites and pleural 
effusion and was given diuretics, which failed to reduce her as- 
cites. 

She was discharged from that hospital and admitted to another 
where more tests were done and finally an exploratory laparotomy 
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Fig 3.—Right ventricular pressure tracing of patient 2. Note early 


diastolic dip followed by high end-diastolic pressure plateau (ar- 
rows). 


and liver biopsy were performed. The superior mesenteric vein 
pressure was 25.5 cm H,O. The patient was then transferred to 
our hospital for splenorenal or portocaval shunting. 

On admission to our institution, physical examination revealed 
no evidence of jaundice. There was marked abdominal distention. 
The neck veins were engorged. The blood pressure was 102/70 mm 
Hg and the pulse rate 100 beats per minute. The lungs were clear 
and there were no cardiac murmurs; however, a third heart sound 
was present. The chest roentgenogram revealed right lower lobe 
atelectasis and elevated diaphragm, and no calcifications could be 
seen (Fig 4). Cardiac fluoroscopy showed limitation of cardiac pul- 
sations on the right. There were frequent premature ventricular 
contractions, low voltages, and flattened T waves in the ECG. The 
results of liver function studies were generally within normal lim- 
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Fic 4 —Posteroanterior (left) and lateral (right) views of chest in patient 3 demonstrating small heart, lack of pericardial calcification, and 
elevated diaphragm due to asates. 


Fg 5.—Patient 3 before ceration (left) and several weeks after surgery (right). Abdominal distention and ascites disappeared following 
radical pericardiectomy. 
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Cardiac Catheterization Pressures* 


Right Atrial 
Pressure 


Pulmonary Arterial 


Pulmonary Arterial Wedge Pressure 


Pressure 
Mean 


45/25 30 
38/18 28 
42/24 Ta 


Right Ventricular 


Pressure 
45/18 
38/22 
44/24 


v Mean 





* All values are expressed in millimeters of mercury. 


its. However the serum protein value was 6.6 gm/100 ml, with 3.4 
gm/100 ml albumin and 3.2 gm/100 ml globulin. The diagnosis of 
constrictive pericarditis was suspected, and cardiac catheter- 
ization revealed increased intracardiac pressures (Table). A radi- 
cal pericardiectomy was performed with an excellent result and 
with complete relief of symptoms and disappearance of the as- 
cites (Fig 5). 
Comment 


Since chronic constrictive pericarditis is not frequently 
seen in the pediatric age group, it may not come to mind 
immediately as an etiologic factor in the differential diag- 
nosis of obscure hepatomegaly with ascites. The three 
cases reported here illustrate this problem. The presence 
of a small heart, elevated venous pressure, hepatomegaly, 
and ascites should make one suspect pericardial restrictive 
disease, especially when associated with markedly dis- 
tended neck veins in the absence of other signs of conges- 


tive heart failure. The ascites is usually out of proportion — 


to the edema elsewhere in the body. One of the clues to the 
diagnosis in our first and third patients was the marked 
engorgement of the neck veins that could not be explained 
on the basis of primary liver disease, especially since, in 
general, the results of liver function tests were rather un- 
remarkable relative to the severity of the hepatomegaly 
and ascites, except for some abnormality in the serum pro- 
tein values. 

The presence of pericardial calcification is a pathog- 


nomonic sign; however, it may not be seen often in chil- 
dren. Shea and his co-workers? reported calcification in 
two out of eight pediatric patients while Paul et al‘ re- 
ported the presence of calcification in 54.7% in a series of 
mostly older patients. Suspicion of the diagnosis may be 
strengthened by ECG evidence of low voltages, notched P 
and flat or inverted T waves over the left side of the pre- 
cordium with depression of the S-T segments, and dimin- 
ished cardiac beat on fluoroscopy. Simple catheterization 
of the right side of the heart confirms the diagnosis by re- 
vealing high right atrial mean pressure with tall a and v 
waves and sharp x and y descent (Fig 2). The right ven- 
tricular end-diastolic pressure and the pulmonary artery 
pressures are high, with a sharp diastolic dip in the right 
ventricular pressure tracing (Fig 3). Cardiac volume stud- 
ies indicate a marked reduction in the end-diastolic vol- 
ume and ejection fraction; however, the end-systolic vol- 
ume is only slightly decreased.*:° 

It may be difficult sometimes to differentiate constric- 
tive pericarditis from primary myocardial disease since 
both may present a similar clinical and hemodynamic pic- 
ture. A study of systolic time interval by Armstrong et al’ 
demonstrated that the ratio of the presystolic ejection pe- 
riod to the systolic ejection period may be helpful in dif- 
ferentiating the two conditions. This type of diagnostic 
information can be obtained by a noninvasive technique 
using simultaneous ECG and carotid pulse tracings. 
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Biopsy of the Pancreas 


Ronald Isaacson, MD; Lous H. Weiland, MD; Donald C. McIlrath, MD 


Biopsy of the pancreas far diagnosis of benign or malignant dis- 
ease was performed n 527 patients during a ten-year period (1960 
to 1970). The incidence of @mplications in patients who underwent 
laparotomy and biopsy of the pancreas was 6.2%. The incidence of 
complications presumed to be due to biopsy in patients who also un- 
derwent majer pancreatic or biliary tract operations was 4.1%. Diag- 
nosis made sy micrescopical examination of fresh-frozen sections 
correlated with subsequent review of permanent sections in all but 
one of the 527 cases. The results indicate that biopsy of the pan- 
creas by wedge or needle technique and examination of fresh-frozen 
sectionsprovide a reasonably safe and reliable way of establishing 
the diagnosis of pancreatic: disease. 


A optinzal resu.t in sargical treatment of a patient with 
pancreatic disease can be expected only when the 
precedure selected is appropriate for the type of pan- 
creatic lesion. Althougly the experienced surgeon usually 
can identify correctly the nature of a mass in the pancreas 
by inspection and palpation, there are times when gross 
findings alone will not suffice. In all instances, exact diag- 
nosis can be established only by microscopical examina- 
tion of the abnormal pancreatic tissue. 

Despite this problem. biopsy specimens of the pancreas 
are not taxen routinely prior to definitive pancreatic sur- 
gery, and considerable controversy about the subject ex- 
ists. The major points of contention are the ease or diff- 
culty ef obtaining an adequate quantity of pancreatic 
tissue that is representative of the existing condition, the 
incidence of complicatpns of the procedure, and the pos- 
sible danger of maligrant implantation when carcinoma 
is present. Some surgeons do not take biopsy specimens 
because imterpretatior of fresh-frozen sections of pan- 
creatic tissue is rot available to them, and many patholo- 
gists are not willing te make a definitive diagnosis from 
fresh-trezen sections cf needle biopsy specimens. 

This study was undertaken to evaluate our experience 
with biopsy of the pencreas, especially with regard to 
complications associated with the procedure, and to deter- 
mine the accuracy of microscopical study of fresh-frozen 
sections of pancreas. 


Clinical Material and Methods 


The records of 1,590 patients who underwent biopsy of the pan- 
creas or otaer tissues for diagnosis of benign or malignant pan- 
creatic disease during the ten years between 1960 and 1970 were 
reviewed. In 1,163 cases, specimens for microscopical study were 
obtained from tissues other than pancreatic, such as from meta- 
static lesions of the liver and omentum; therefore, these cases 
were excluded. There remained 527 cases in which one or more 
biopsy specimens were texen from the pancreas (Table 1). Speci- 
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Fig 1.—Distribution of patients according to age and type of le- 
sion. 
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Fig 2.—Left, Adenocarcinoma. Neoplastic glands lack malignant 
cytologic features, but location in and around nerve trunk is evi- 
dence of aggressive malignant behavior (hematoxylin-eosin, re- 
duced from xX 250). Right, Chronic fibrous pancreatitis. Cells in 
glandular epithelium show atypical nuclear changes slightly more 
suggestive of malignancy than those at left. These changes, second- 
ary to inflammation and fibrosis, are common in chronic pan- 
creatitis (hematoxylin-eosin, reduced from xX 250). 


' mens were obtained from this organ with the Vim-Silverman 


needle’ in 356 patients (transpancreatic in 300 and transduodenal 
in 56) and by wedge-type biopsy in 152 patients. Both needle and 
wedge specimens were taken in eight cases. The method of biopsy 
was unknown in 11 cases. 

All specimens were initially examined after sections were pre- 
pared with a carbon dioxide freezing microtome. Specimens were 
stained with polychrome methylene blue and were mounted in ei- 
ther tap water or dextrose water before cover slipping.’ Routinely, 
after frozen section, the specimen was fixed in formaldehyde, em- 
bedded in paraffin, and sectioned for hematoxylin-eosin staining 
on the following day. Definitive diagnosis, however, was almost 
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invariably made from the frozen section slides. 
Findings 


Of 527 patients (840 males and 187 females), 134 males 
and 67 females had benign lesions, and 206 males and 120 
females had malignant lesions. 

Most of the patients with benign lesions were between 
the ages of 40 and 70 years, whereas most with malignant 
neoplasms were between 50 and 70 years (Fig 1). 

Complications of Pancreatic Biopsy.—A group of 112 pa- 
tients underwent exploratory laparotomy and biopsy of 
the pancreas as their only procedures, and there were 
seven postoperative complications—all related to the 
biopsy (Table 2). In 64 of the 112 patients (57%) in whom 
pancreatic biopsy specimens were obtained by use of the 
Vim-Silverman needle, six complications developed: three 
wound infections, two episodes of pancreatitis immedi- 
ately after surgery (which resolved with medical treat- 
ment), and one subphrenic abscess associated with pan- 
creatitis, which was drained transabdominally. In 48 of 
the 112 patients (43%) in whom wedge-type pancreatic 
biopsy specimens were taken, there was only one compli- 
cation, a subcutaneous wound infection. 

In a second group of 415 patients, some major pan- 
creatic or biliary tract (or both) surgery was performed, in 
addition to exploratory laparotomy and biopsy of the pan- 
creas. Because multiple procedures were performed in this 
group, it was difficult to determine whether or not a post- 
operative complication was related specifically to the pan- 


Table 1.—Types of Pancreatic Biopsy 


Pancreatic Disease 
No. of 


Benign Malignant Cases 


Needle 
Transpancreatic 


Transduodenal 
Wedge 
Both needle and 
wedge 
Unknown 
Total 





Table 3.—Complications Possibly Related to Pancreatic 
Biopsy in 201 Cases of Benign Disease 


No. of 


Patients Additional Procedures 
Cholecystectomy and exploration 


of common bile duct 


Complication 
Pancreatitis 


Pancreatic 
fistula 

Abscess and 
peritonitis 


Sphincterotomy and exploration 
of common bile duct 


Transduodenal biopsy or 
examination of papilla of 
Vater and exploration of 
common bile duct 


Total 10 
* Six deaths. 
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creatic biopsy. The complications were classified in two 
groups: those possibly related to pancreatic biopsy and 
those probably related to the other surgical procedures. 

Complications possibly related to biopsy were found in 
ten of the 201 patients who had benign pancreatic disease 
(Table 3). The extra surgical procedures in these ten pa- 
tients were exploration of the common bile duct (ten pa- 
tients), cholecystectomy (six patients), sphincterotomy 
(two patients), and transduodenal biopsy or examination 
of the papilla of Vater (two patients). The ten complica- 
tions were pancreatitis (six patients), peritonitis (one pa- 
tient), pancreatic fistula (two patients), and subphrenic 
abscess (one patient). Six of these ten patients died after 
operation. 

Seven of the 326 patients with pancreatic malignant 
neoplasms also had complications possibly related to 
biopsy (Table 4). The surgical procedures included gastro- 
enterostomy (three patients), cholecystogastrostomy (two 
patients), choledochoduodenostomy (one patient), cho- 
lecystojejunostomy (one patient), and drainage of malig- 
nant pancreatic cyst (one patient). The seven compli- 
cations were identified as sepsis in four patients, 
hemorrhage from the drain site in one patient, recurrent 
gastrointestinal tract bleeding in one patient, and pan- 
creatitis in one patient. Three of the seven patients died 
after operation. 

The remaining 66 complications were considered related 
to the major operative procedures performed for benign or 
malignant pancreatic disease rather than to biopsy of the 


Table 2.—Complications Related to Pancreatic 
Biopsy in Benign and Malignant Diseases 








Cases 

Type of Se Sees 
Biopsy No. % Complication No. 
Needle 64 57 Wound infection 3 

Pancreatitis 2 

Subphrenic abscess 

and pancreatitis 1 

Wedge 48 43 Wound infection 





N| = 


Total 


Table 4.—Complications Possibly Related to Pancreatic 
Biopsy in 326 Cases of Malignant Disease 


No. of 
Patients 





Additional Procedures Complication No. 


2 Cholecystogastrostomy A 
2 Gastroenterostomy Sepsis 4 











1 Gastroenterostomy and Pancreatitis 1 
cholecystojejunostomy 
1 Choledochoduodenostomy Gastrointestinal 1 
tract bleeding 
1 Drainage of malignant Bleeding from 1 
cyst drain site 
Total 7 





* Three deaths. 
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pancreas. These complcations were wound infection (22 
patients), dehiscence of wound (seven patients), pan- 
creatic or biliary fistules after a Whipple procedure (eight 
patients), pneumonitis (seven patients), gastrointestinal 
tract bleeding (three patients), pulmonary embolus (three 
patients), and miscellaneous (16 patients). 


Results of Biopsy of the Pancreas 


A benign interpretation was given on histologic study 
of fresh-frozen sections of pancreas from 201 of 527 pa- 
tients (38%). In all of tne cases, including the 130 in which 
the specimens were taken with the Vim-Silverman needle, 
there was an adequate amount of tissue for examination. 

The diagnoses in the 201 patients were normal pan- 
creatie tissue in 85 and benign pathologic process or in- 
flammatory reaction ia 116. 

Of the diagnoses o normal pancreas or benign pan- 
creatie disease made en histologic examination of fresh- 
frozen sections, only one was altered after review of per- 
manent sections. In this instance, the diagnosis was 
changed to adenocarcinoma of the pancreas. 

In 16 of the 201 cases, the diagnosis of malignant neo- 
plasm was strongly suspected on the basis of gross find- 
ings: but, both frozen and fixed sections were interpreted 
as showing only benign pancreatic disease. Follow-up 
studies revealed that eight of these patients had definite 
pancreatic malignant neoplasms; three of these eight died 
within a year, presumably from carcinoma of the pan- 
creas. The status of tae remaining five patients was not 
determined. 

Pancreatic melignaat neoplasm was diagnosed by mi- 
croscopical examinaticm of fresh-frozen sections in 326 of 
the 527 eases (62%). all of the tumors were adenocarci- 
noma of ductal origir, although one tumor was a cystic 
lesion (cystadenocarcinoma) and one had focal squamous 
differentiation (adenoacanthoma). 


Comment 


The incidence and severity of complications resulting 
from taking biopsy specimens of the pancreas in our series 
of 527 patients suggest that the procedure can be per- 
formed with less morbidity and mortality than was re- 
ported previously.* Gf 112 patients who underwent ex- 
ploratory laparetomy and biopsy of the pancreas, only 
seven (6.2%) developed complications; none was fatal. Of 
the seven patients, four had wound infection that may 
have been related to tae aparotomy, but three had compli- 
catiens related most ikely to the biopsy, two with pan- 
creatitis that subsidee and one with a subphrenic abscess 
with pancreatitis thac required drainage. There was no 
substantial difference in the incidence of complications af- 
ter wedge or needle Kiopsy. Even in patients who under- 
went extensive biliary or pancreatic (or both) surgery in 
addition to pancreatis biopsy, the incidence of complica- 
tions considered secondary to biopsy was only 4.1%. There 
were nine deaths in the entire group of 527 patients, an 
incidence of 1.8%. Nopatient who underwent exploratory 
laparotomy and biopsy of the pancreas died. 

The results of our study also indicate that accurate his- 
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tologic diagnosis of benign or malignant pancreatic dis- 
ease can be made by microscopical study of fresh-frozen 
sections, if the pancreatic tissue undergoing biopsy exam- 
ination is representative of the underlying disease. 
However, in 16 patients in whom the diagnosis of ma- 
lignant neoplasm was strongly suspected on the basis of 
gross findings at surgery, both frozen and permanent sec- 
tions were interpreted as showing only benign disease. 
But follow-up studies substantiated the surgeon’s impres- 


sion of pancreatic malignant neoplasm in eight patients. 


These cases emphasize the need to obtain truly represent- 
ative pancreatic tissue if accurate diagnosis is to be made. 

The pathologist’s ability to accurately diagnose pan- 
creatic malignant neoplasm on fresh-frozen section when 
given appropriate specimens is shown by the confirmation 
of histologic diagnoses found on review of permanent sec- 
tions. In only one case was the diagnosis of benign disease 
corrected—that to adenocarcinoma. All cases in which the 


original diagnosis was carcinoma on fresh-frozen section 


were confirmed on review of permanent sections. These 
results are similar to those reported by Coté et al,® who re- 
viewed the experiences with pancreatic biopsy at the 
Mayo Clinic between 1949 and 1954. 


Experience in interpreting small pancreatic biopsy r 
specimens is indispensable, and the patholegist must be — 
familiar with perineural infiltration and subtle cytologic — 


changes in order to recognize well-differentiated lesions 


(Fig 2). The moderately or poorly differentiated tumors — 


usually do not present problems. In addition, one must ap- 


preciate the somewhat atypical epithelial hyperplasias 4 
that often occur in the larger ducts with chronic pan- — 


creatitis. 


Although the experienced surgeons’ usually can iden- — 


tify correctly the nature of a mass in the pancreas by in- 


spection, palpation, and other criteria, positive diagnosis — 
can be made only on microscopical examination. Because _ 


definitive pancreatic surgery carries significant risk, we 
hesitate to subject a patient who has a mass in the pan- 


creas to an increased chance of complications or death 


without positive diagnosis of malignant neoplasm. 

The results of our study indicate that pancreatic biopsy 
can be performed at a risk compatible with the magnitude 
of the total problem and that the diagnosis can be made 
by microscopical study of fresh-frozen sections with rea- 
sonable accuracy. Multiple specimens may be required to 


obtain tissue representative of the underlying pancreatic M 
disease. In this regard, knowledge of the histologic find- 


ings at the time of biopsy provided by microscopical exam- 
ination of fresh-frozen sections should enhance the sur- 
geon’s ability to find truly diagnostic tissue. When the 
lesion is presumed to be malignant, multiple biopsy speci- 
mens can be taken until satisfactory tissue is obtained. 
When malignant tissue is present on the surface of the 
pancreas, a biopsy specimen can be taken simply by re- 
moving a small wedge of tumor. By limiting the incision 
to abnormal tissue located on the surface, the pancreas 
will not be injured, and consequently, a pancreatic fistula 
should not develop. For masses located deeper in the pan- 
creas, especially in the head, needle biopsy is preferred. If 
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the instrument is inserted with care to avoid major vessels 
and dilated pancreatic ducts, serious complications will be 
rare. Although most needle biopsy specimens in our series 
were taken by direct insertion of the needle into the pan- 
creas, transduodenal insertion of the needle into the head 
of the gland may reduce the incidence of complications. 
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Discussion 


RarrH C. WILDE, MD, Pittsburgh: The group from the Mayo 
Clinic kindly permitted me to read their manuscript before the 
meeting. They are certainly to be complimented for bringing this 
large series of patients to our attention. 

I do disagree with one of their statements, that most surgeons 
can make an accurate diagnosis of pancreatic lesions purely on 
gross inspection alone. This can be quite easy if there are obvious 
metastases to the liver or peripancreatic lymph nodes or omen- 
tum. However, if the surgeon is faced with a pancreatic mass and 
no other findings, I doubt that he can make a precise, accurate 
diagnosis often enough just on gross inspection alone. I really con- 
sider this lesion as the surgeon’s enigma. 

As is rightfully pointed out by the authors, the proper approach 
rests with obtaining representative tissue. Wedge biopsies from 
the surface may be notoriously unreliable. As we all know, almost 
every malignant neoplasm is surrounded by a compressed zone of 
pancreatic parenchyma. If the biopsy is not deep enough, the pa- 
thologist may interpret this just as a chronic form of pancreatitis. 
As the authors point out, we really need tissue from the depths of 
the lesion, and this is best obtained by needle biopsy. 

One might ask, why should we go to all this trouble and risk a 
major complication when our salvage rate from pancreatic resec- 
tions for malignant neoplasm is so poor? I would hope that if we 
_ pick up these lesions at an earlier stage when they are still con- 

_ fined to the pancreatic parenchyma, our salvage rate might be im- 
= proved. 

There is an even more important ethical consideration. I believe 
the patient’s family, and in many cases the patient himself, de- 
serves to have an accurate diagnosis made at the time of the first 
exploration. I have seen a fair number of patients who have been 
observed for months with a mistaken diagnosis of chronic pan- 
creatitis. During this time they are miserable; they have either re- 
current or persistent epigastric pain; they have referral of pain to 
the back; they have nausea, anorexia, and weight loss. Many of 
the patients undergo repeated surgical procedures, including cho- 
lecystectomy, common duct drainage, even common duct implan- 
tation, only at the final stage to have the accurate diagnosis of a 


230 Arch Surg/Vol 109, Aug 1974 


malignant tumor established. Almost invariably the patient’s 
family then asks that very important question: would the outcome 
have been altered if you had made the correct diagnosis at the 
first operation? I think this is a very, very difficult question to an- 
swer. 

I certainly admire the skill of the surgeons at the Mayo Clinic 
who can do this large number of biopsies with such a low morbid- 
ity and mortality. When you read the manuscript you will recog- 
nize that they really have bent over backward relating some of 
their complications to the biopsy when indeed it may have been 
related to the concomitant surgery. I have an even greater respect 
for their pathology department staff, who can make an accurate 
diagnosis in such a high percentage of cases purely on the frozen- 
section examination of small fragments of biopsy material. 

I have only one question to ask the authors: what is your course 
of action if you needle a cystic mass and obtain fluid instead of 
solid tissue? 

CHARLES L. Eckert, MD, Albany, NY: It seems to me the ques- 
tion of pancreatic biopsy has been like a pendulum swinging back 
and forth over the years. First it was felt absolutely essential be- 
fore embarking on pancreaticoduodenectomy, but subsequently I 
think many of us have gotten away from its use. It is difficult, ret- 
rospectively, to tell from operative reports what the surgeon 
thought was the correct diagnosis prior to taking the biopsy. Did 
it merely confirm his impression, or did it change his opinion and 
thereby lead to a different operative procedure? Certainly there 
were eight false-negative biopsies, an experience many of us have 
also had and which in my own case has led me to use clinical judg- 
ment based on evaluation of the gross operative findings. 

Rosert J. BAKER, MD, Chicago: I was curious as to why the au- 
thors did not allude to nor otherwise condemn or endorse the pro- 
cedure of mobilizing the inferior border of the pancreas and ob- 
taining a significant wedge biopsy from the inferior border at the 
junction of the body and tail. 

We ordinarily assume, and correctly so, that the pancreatic duct 
lies roughly in the upper half of the gland; if the surgeon takes an 
8- or 9-mm wedge biopsy from the inferior, avascular side, there is 
generally sufficient tissue to diagnose definitely, even on frozen 
section, acute and chronic inflammatory processes. Obviously, 
whether a tumor will be identified depends on its location and the 
extent of parenchymal spread. We have found this type of biopsy 
to be associated with few complications, provided one is meticu- 
lous about hemostasis and adequate drainage is provided for 
egress of any leakage of pancreatic juice. 

Dr. McILRATH: I would like to thank the discussants for their 
comments. 

In regard to Dr. Wilde’s question about needle aspiration of a 
cystic mass, I think the major consideration would be whether or 
not it was a pancreatic cystadenocarcinoma or some type of be- 
nign cystic lesion. It might be extremely difficult to obtain any tis- 
sue that would be diagnostic of cystadenocarcinoma, and, as in 
most instances, surgical judgment would have to prevail. If there 
were concern of malignant neoplasm, a definitive procedure would 
be indicated. 

Regarding Dr. Baker’s comment about a large wedge resection 
from the inferior border of the pancreas, I believe this would be a 
bit more generous in amount than we would consider necessary in 
most instances, and might increase the risk. 

I would caution that when a malignant neoplasm exists in the 
head of the pancreas, a biopsy specimen taken from the junction 
of the body and tail might only reveal pancreatitis. 

I think the advantage of microscopical diagnosis of pancreatic 
lesions during surgery is obvious to all. The results of this study 
have given us faith that perhaps it is reasonable to continue this 
practice. 
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Peroral Endoscopic Cholangiography 


and Pancreatography 


The Surgeon’s Halper 
Choichi Sugawa, MD; Raaia Raouf, MD; Volker Bradley, MD; 


Melvyn Westreich, MD; Charles E. Lucas, MD; Alexander J. Walt, MD 


Peroral cannulation of the ampulla of Vater with retrograde 
cholangiography and panc-eatography (ERCP) was successfully ac- 
complished in 65 of 85 patients. Cholangiography was normal in six 
patients thought to nave oBstructive jaundice and demonstrated cho- 
legocholithiasis in eight, cancer of the common bile duct in three, 
cancer of the head of the sancreas in eight, narrowing of the com- 
mən bile dect in three, amd ampullary cancer in two. Pancreatog- 
raphy was normal in 12 patients, ruling out surgical lesions; pseudo- 
cysts were demonstvated in three, pancreatitis in 12, and carcinoma 
of the body and tail of the pancreas in two. No serious complications 
resulted. 

Retragrace cholargiography and pancreatography provided a safe, 
quick, and accurate diagnostic technique that reduced the duration 
of preoperative investigation of the jaundiced patient and influenced 
the choice of operation in patients with pancreatic disease. 


eg immunologizal, biochemical, and convention- 
al radiological techniques are often inconclusive 
in the diagnosis of jaundice. Transhepatic cholangiog- 
raphy'* and the “miailaparotomy’”* may be hazardous 
amd oecasionally misleading. Similar uncertainties are 
often encountered in the diagnosis of suspected pan- 
creatic disease. The rew techniques of fiberoptic duo- 
denoscopy and cannulstion of the papilla of Vater with 
retrograde cholangiopancreatography (ERCP), however, 
frequently provice an anequivocal diagnosis of biliary or 
pancreatic lesions.**' Situations in which ERCP some- 
times has a unique pocertial to clarify an otherwise ob- 
scare diagnosis incluee (1) jaundice of undetermined 
canse, (2) unexplained biliary colic, (3) postcholecystectomy 
syndrome, and (4) suspected pancreatic disease. The pur- 
pose of this stucy was to assess the potential value of 
ERCP as a mears of establishing early diagnosis in pa- 
tients with biliary and pancreatic disease and of facil- 
itating rational dinica management. 


Techniques 


The jejunofiberscope (JFT) (Olympus), through which a cannula 
can be passed into the ampulla, was used throughout this study. 
Al examinetions w2re done m the Department of Radiology. Pa- 
tients received nothing br mouth for six hours and were given 
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premedication intramuscularly consisting of dicyclomine hydro- 
chloride (Bentyl) (60 mg) and atropine (0.6 mg) about 20 minutes 
prior to examination.'’'** The pharynx was lightly anesthesized 
with 2% viscous lidocaine (Xylocaine) five minutes before peroral 
intubation, which was usually performed with the patient in the 
left lateral position. Most patients were given diazepam ( 5 to 10 
mg) intravenously immediately before the procedure, and some 
required additional diazepam (5 to 10 mg) during the procedure. 
Occasionally, intravenously administered meperidine (25 to 50 
mg) was added. The duodenoscope was advanced to the superior 
duodenal angle at which time rotation through 90° to 180° brought 
the descending duodenum and the papilla of Vater into view. Flu- 
oroscopy was occasionally needed for repositioning of the endo- 
scope. The patient was then placed in the prone position and gluca- 
gon (1 to 3 mg) was given intravenously to reduce duodenal 
motility and relax the sphincter. The papilla, usually papillary, 
hemispherical, or flat,**° depending to some measure on the de- 
gree of smooth muscle relaxation induced by the glucagon, was 
cannulated most easily when hemispherical. 

The depth of insertion of the cannula was adjusted so that it re- 
mained engaged during both inspiration and expiration. Where a 
long common channel existed, both ducts filled simultaneously; in 
many patients, however, separate injections were needed to visu- 
alize each ductal system. As in intraoperative cholangiography, 
identification of small stones within the common bile duct is more 
easily made when the contrast material is diluted by 50% to avoid 
stones being obscured by the excessive density of the contrast ma- 
terial. Whenever possible, both biliary and pancreatic ducts should 
be visualized in that lesions of one ductal system may affect the 
other system. A mixture of diatrizoate sodium and diatrizoate 
meglumine (Renografin 60) was gently injected under fluoroscopic 
control to confirm satisfactory cannulation. Antibiotics were given 
to patients in whom an obstructed duct or pancreatic pseudocyst 
was seen. 


Clinical Material and Results 


Peroral cannulation of the duodenal papilla for purposes 
of cholangiography and pancreatography was successfully 
accomplished in 65 of 85 patients (76%) including 20 of 24 
in most recent attempts. There were 59 men and 26 
women with an average age of 58 years (range, 22 to 90 
years). The primary indication for examination was jaun- 
dice in 39 patients and pancreatic disease in 46 patients. 
Retrograde cholangiography was successfully performed 
in 40 patients and pancreatography in 47, with both ductal 
systems being visualized in 24 of these patients. . 

The 39 jaundiced patients were considered candidates 
for ERCP after hepatocellular disease had been reason- 
ably excluded on the basis of history and clinical and bio- 
chemical data. The 46 patients with suspected pancreatic 
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Fig 1.—Normal common bile duct (large arrow) and pancreatic 
duct (small arrow) in patient thought to have extrahepatic obstruc- 
tive jaundice. 


disease were selected because of the suspicion of associ- 
ated biliary tract disease, pseudocyst formation, or pan- 
creatic ductal obstruction in 36 patients and possible pan- 
creatic malignant neoplasm in ten patients who had 
unexplained weight loss and anorexia. In patients with 
pancreatitis, pancreatography was deferred until the 
acute attack had subsided and the serum amylase levels 
had become normal. 

Patients With Jaundice.—Anatomic visualization of the 
biliary ductal system was achieved in 27 of the 39 (69%) 
jaundiced patients, including ten of the 12 most recent at- 
tempts; in three additional patients who had carcinoma of 
the head of the pancreas, complete ductal obstruction and 
duodenal invasion were correctly diagnosed by endoscopic 
examination and biopsy, even though the tumor prevented 
cannulation. Retrograde cholangiography and pancere- 
atography, including the latter three patients, revealed 
normal cholangiograms (six), choledocholethiasis (eight), 
cancer of the common bile duct (three), cancer of the head 
of the pancreas (eight), narrowing of the common bile 
duct (three), and periampullary cancer (two). 

Six patients, incorrectly thought on the basis of clinical, 
laboratory, and radiological tests to have probable extra- 
hepatic biliary tract obstruction, were shown by ERCP to 
have normal cholangiograms and were thus spared unnec- 
essary explorations (Fig 1). Eight patients in whom cho- 
ledocholithiasis was confirmed by ERCP were saved fur- 
ther prolonged preoperative evaluations (Fig 2). Three 
patients with cancer of the common bile duct showed une- 
quivocal radiographic findings at the time of ERCP (Fig 
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Fig 2.—Choledocholithiasis (large arrow), cholelithiasis (large ar- 
row), and normal pancreatogram (small arrow) in 60-year-old pa- 
tient with serum bilirubin value of 8 mg/100 ml. 


3). One of the eight patients with cancer of the head of the 
pancreas showed invasion of the common bile duct about 5 
cm proximal to the ampulla of Vater (Fig 4). One of the 
two patients with periampullary cancer had a greatly en- 
larged ampulla of Vater with an irregular terminal com- 
mon bile duct. In two patients with obstructive jaundice, 
the need for early surgery was excluded by the demon- 
stration of a narrowing of the distal part of the common 
bile duct and pancreatic duct due to pancreatitis (Fig 5). 
Another jaundiced patient with cholecystectomy showed 
narrowing of the distal part of the common bile duct and a 
possible fistula into the duodenum. 

Of the nine patients in whom ERCP was unsuccessful, 
three were later found to have intrahepatic cholestasia, 
two had cancer of the pancreas, and two had stones in the 
common bile duct, while two patients died undiagnosed 
and autopsies were not performed. Failure of ERCP to 
demonstrate a lesion was due to the inability to cannulate 
the ampulla in seven patients or to inject contrast mate- 
rial in two patients who had successful cannulation. These 
latter two patients were subsequently proved to have an 
impacted ampullary stone and a periampullary cancer, re- 
spectively. 

Patients With Suspected Pancreatic Disease.—Anatomical 
visualization of the pancreatic ductal system was achieved 
in 29 of 46 patients, (63%) including ten of the 13 most re- 
cent attempts. A normal pancreatogram was delineated in 
12 patients, pancreatic pseudocysts in three patients, pan- 
creatitis in 12 patients, and cancer of the body and tail of 
the pancreas in two patients. 
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Fig 3—Cancer of common bile duct (large arrow) with normal 
pamcreatogram (small arrow) n 80-year-old patient with serum bili- 
rubin value of 15 mg/100 ml. 
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Fig 5.—Narrowec d'stal part of common bile duct (large arrow) 
and pancreatic duc: (smal arrow) due to pancreatitis in 47-year-old 
patient with serum bilirubin value of 6.5 mg/100 ml. Gallbladder, 
GB. 


All 12 patients with normal pancreatograms had a 
smooth and tapering main pancreatic duct, distributing 
sinuous branches te the head and uncinate process, in con- 
trast to the straight brarches in the body and tail (Fig 6). 
Five ef the 46 patien’s had pseudocysts, but the specific 
diagnosis was made by ERCP in only three of these five. A 
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Fig 4.—Cancer of head of pancreas invading common bile duct 
(arrow) about 4 cm proximal to ampulla of Vater in 78-year-old pa- 
tient with serum bilirubin value of 9 mg/100 ml. 





Fig 6.—Normal pancreatogram (arrow) in 22-year-old patient with 
cholelithiasis. 


large pseudocyst was demonstrated in one patient (Fig 7), 
ductal obstruction and deviation in another, and deviation 
of the main pancreatic duct in a third. In one of the 
patients in whom a pseudocyst was not appreciated on 
ERCP, the pancreatic duct was markedly irregular and di- 
lated but not obstructed; in the other patient, the common 
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Fig 8.—Pseudocyst (arrow) attenuating common bile duct (CBD). 


Fig 7.—Pseudocyst in body of pancreas (small arrows) communi- Gallbladder, GB. 
cating with pancreatic duct (small arrow); common bile duct is nor- 
mal (large arrow). 


Fig 10.—Abrupt obstruction of main pancreatic duct (arrow) due 
Fig 9.—Markedly dilated main pancreatic duct (large arrow) with to carcinoma of pancreas. 


ductal tortuosity and irregular dilation of lateral branches (small ar- 
rows) in patients with recurrent pancreatitis. 
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“ig 11.—Cancer of headof pancreas showing stenosis (large ar- 
row) and irregular cilatiomof pancreatic duct (small arrow) in 58- 
year-old patent with serum bilirubin value of 21.6 mg/100 ml. 


bile duct was strikingly deviated and compressed while 
the pancreatic duct did not fill (Fig 8). 

Of the 20 patients with recurrent pancreatitis, eight 
had normal pancreategrams whereas the remaining 12 
had a variety of findings consisting of ductal tortuosity in 
ten patierts, ductal stencsis in four, ductal obstruction in 
three, anc ductal dilation in nine (Fig 9). 

Retrograde cholangography and pancreatography in 
tke two patients with cancer of the body and tail of the 
pancreas showed a gradually tapering stenosis in one and 
abrupt obstruction of the main pancreatic duct in the 
other (Fig 10). A combmation of pancreatic ductal stenosis 
and irregular dilation in association with marked common 
bile duct obstruction was observed in one patient with 
cancer of the head of the pancreas and jaundice (Fig 11 
and 12). 

Hyperamylasemia was commonly observed after ERCP 
bet serum amylase levels returned to normal within 48 
heurs. No patiert developed signs or symptoms of pan- 
creatitis, although a few complained of transient epigas- 
tric discomfort relieved by the passage of flatus. No in- 
stances of Gram-negative septicemia or perforation 
occurred. 


Comment 


Pereral retregrade sannulation of the pancreatic and 
biliary ducts provides -he surgeon a new and highly effec- 
tive method of demonstrating these structures. Retro- 
grade ductography is quick, direct, and not unduly uncom- 
fertable for the patieat. Dickinson,” in a review of 202 
retrograd= cannulations, reported that valuable informa- 
tion was ebtained in &1% of the patients with pancreatic 
disease, 71% of patients with jaundice, and 46% with re- 
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Fig 12.—Markedly dilated common bile duct (arrow) in same pa- 
tient as Fig 11. 


current biliary pain. The wide variation in the reported 
success rates, which range between 60% and 90%,**' re- 
flects the experience of different endoscopists and the 
types of patients selected for investigation. For example, 
patients with severe pancreatitis are often more difficult 
to cannulate. In the first half of this series we were suc- 
cessful in approximately 30% of attempts at cannulation; 
more recently, this has risen to approximately 90%. Fac- 
tors that favor a high rate of success include a cooperative 
and well premedicated patient, an enthusiastic fluoroscop- 
ist, television monitoring equipment, but, above all, an ex- 
perienced and persistent endoscopist. 

Patients with nonobstructive biliary disease are easily 
cannulated in contrast to those who have recent or suba- 
cute pancreatitis, in whom the papilla is often edematous. 
In some patients, cannulation and ductography have been 
accomplished in as little as five minutes. In others, where 
difficulties were encountered, an arbitrary upper time 
limit for persisting in attempts to achieve cannulation 
was fixed at 90 minutes. The average time for endoscopy, 
cannulation, and ductography has been approximately 45 
minutes in our experience. In those patients in whom a de- 
finitive diagnosis is achieved, an unnecessary operation 
has sometimes been avoided and rational therapy has 
been instituted with consequent reduction in the length of 
hospitalization and overall cost to the patient. Operation, 
when indicated, has been expedited by having a radio- 
logical “road map” of the abnormal duct. 

Retrograde cholangiography and pancreatography has 
a special place in patients with cryptogenetic jaundice in 
whom intravenous cholangiography is either not possible 
or is not helpful.® 2-1" The advantages of ERCP over the 
old methods for investigating patients with jaundice are 
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manifold. Unlike percutaneous transhepatic cholangiog- 
raphy,*? ERCP does not require dilation of the intra- or 
extrahepatic biliary tree, and does not share the hazards 
of bile peritonitis, infection, or hemorrhage. Furthermore, 
as ERCP does not need to be followed by immediate sur- 
gery, the surgeon is enabled to plan his operation to suit 
the best interest and convenience of the patient and the 
institution. While the “minilaparotomy”® permits the ac- 
quisition of additional information by liver and regional 
node biopsy, this procedure also requires operative inter- 
vention, sterile facilities, more assistants, and may be as- 
sociated with the same complications as percutaneous 
transhepatic cholangiography. While we have not had ex- 
perience with percutaneous transjugular cholangiog- 
raphy”? or percutaneous transhepatic cholecystography 
performed in conjunction with laparoscopy,” both these 
latter procedures yield less information at a greater risk. 

Hypotonic duodenography, angiography, isotopic scan- 
ning, analysis of aspirated duodenal juice, and echography 
all have their advocates but, considered overall, none pro- 
vides as much information as ERCP. Finally, an added 
benefit of ERCP is complete endoscopy of the stomach and 
duodenum and visual evaluation of the papillary area. 

Of our 85 patients, ten who were considered to have 
probable surgical disease on the basis of clinical and bio- 
chemical evaluations were saved an unnecessary operation 
by the information gained from ERCP. Retrograde cho- 
langiography and pancreatography has provided our pa- 
tients with many other benefits. Some patients, often 
aged and very ill, admitted with severe jaundice of un- 
known cause and associated cholangitis, have had the 
diagnosis of obstructing stones in the common bile duct 
established within a day, permitting early precise oper- 
ation and rapid recovery. In patients who developed jaun- 
dice after cholecystectomy, delineation of the common bile 
duct by ERCP may reveal the presence of a stricture or a 
stone. In yet other cases, ERCP may add valuable infor- 
mation in helping to unravel other uncommon diagnostic 
dilemmas such as the possible presence of sclerosing chol- 
angitis or the need to distinguish whether a palpable mass 
is extrabiliary and arising from the retroperitoneal struc- 
tures or adjacent nodes as in malignant lymphoma. 

Carcinoma of the pancreas without jaundice is espe- 
cially difficult to diagnose and, although there is no evi- 
dence that the ultimate prognosis for these patients will 
be improved, ERCP theoretically provides the best tech- 
nique currently available for the diagnosis of early le- 
sions. Ogoshi et al" and Norton et al** have described three 
types of pancreatograms showing stenosis, obstruction, or 
ductal narrowing due to external compression in such pa- 
tients. Each of these varieties was observed in the pres- 
ent series and usually led to earlier operation. 

Small pancreatic pseudocysts may cause severe symp- 
toms and yet not lend themselves to diagnosis by tradi- 
tional methods of investigation. This is specially true 
when pseudocysts are associated with massive pancre- 
atic ascites. Retrograde cholangiography and pan- 
creatography may be the only nonoperative technique 
that has the capacity to reveal the presence of such 
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pseudocysts. In some there is direct filling of the 
pseudocyst (Fig 7); in others the diagnosis is made by 
characteristic distortion of the common bile duct or pan- 
creatic ducts by external pressure (Fig 8). Reservations 
have been expressed about the risk of a pancreatic 
pseudocyst being converted to a pancreatic abscess by 
ERCP.” This has not been our experience, but the admin- 
istration of appropriate antibiotics in the presence of a 
demonstrated pseudocyst is probably advisable. 

Retrograde cholangiography and pancreatography is 
potentially hazardous in acute pancreatitis and should be 
deferred until the acute process has subsided. Ductal tor- 
tuosity,'2"*2° stenosis, obstruction, and dilation in the 
main pancreatic duct and an irregular distribution and 
beading of lateral branches are the usual findings in ad- 
vanced pancreatitis. Howard and Nedwich,” and Kasugai 
and co-workers':* have shown that these changes pro- 
gress with increasing severity of the disease process. In 
recalcitrant chronic pancreatitis, preoperative knowledge 
of the pancreatic ductal system—which can only be gained 
by ERCP—may be invaluable to the surgeon” in deter- 
mining the operative procedure best suited to the specific 
anatomical abnormality. Such knowledge permits a more 
rapid and more rational operation. 

Retrograde cholangiography and pancreatography is a 
quick, comfortable, and highly accurate technique that 
will often cut a diagnostic “Gordian knot” in patients with 
pancreatic disease or jaundice of undetermined cause in 
whom hyperbilirubinemia precludes oral or intravenous 
cholecystography. The risk of the procedure is minimal, 
and the yield in time and expense considerable. It is an in- 
valuable addition to our armamentarium in selected cases 
of biliary-pancreatic disease. 


This investigation was supported by the James and Lynelle Holden fund 
and the Detroit General Hospital Research Corporation. 
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Discussion 


WALTER F. BALLINGER, MD, St. Louis: I think it would be wise to 
sound a note of caution regarding transduodenal cholangiog- 
raphy. We should refine our indications for the procedure so that 
we know exactly what advantages it has over intraoperative chol- 
angiography or percutaneous cholangiography. 

In our institution we hada few patients develop Gram-negative 
septicemia, and we have become more wary about the trans- 
duodenal! route for visualizing the pancreatic and biliary system. 
A patient with a history of cholangitis, for example, should be cov- 
ered with antibiotics during tne procedure. 

Dr. Wat: I would like tothank Dr. Ballinger for his comments. 
I would point out that this procedure as done by Dr. Sugawa is 
frequentty completed in about ten minutes. With his current expe- 
rience, the average time for the cannulation is about 45 minutes. 
It is precisely because of its sefety that we have gone to this pro- 
cedure. We find he is able te cut our diagnostic Gordian knots rap- 
idly and inexpensively, and can give us a road map to what is go- 
ing on in the common bile duct and pancreatic duct, thus far with 
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complete safety. 

We got into this, of course, because percutaneous transhepatic 
cholangiography, percutaneous transjugular cholangiography, 
and percutaneous cholecystography, with or without laparoscopes, 
are all hazardous and potentially expensive. We think those are 
precisely the types of situations in which one may get Gram-nega- 
tive septicemia, hemorrhage, and peritonitis. By doing percu- 
taneous transhepatic cholangiography, one is forced into an oper- 
ation within a few hours and the operating room must be ready. 
With Dr. Sugawa’s approach, we are the masters of the situation. 
We have had no complications, no Gram-negative septicemia, and 
we have not covered the patients with antibiotics other than when 
Dr. Sugawa has shown us a pancreatic pseudocyst or stones in the 
common duct. It has been a charming procedure; it has enabled 
surgery to be precise, accurate, and planned, and I would com- 
mend it very highly to anyone who has the good fortune to have 
an endoscopist in the surgery department (or nonsurgical depart- 
ment) such as we have been blessed with. 
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Serum a.-Globulins in Breast Carcinoma 


John P. Minton, MD, PhD, Michael A. Bianco, MD 


The serum proteins of 48 patients with adenocarcinoma of the 
breast were studied by electrophoresis, with particular attention to 
the a,-globulin fraction, and compared with sera of 162 apparently 
healthy persons. The a.-globulin fraction was elevated in 33 of 50 pa- 
tients (in one of 11 with local disease and in 32 of 39 with spread be- 
yond local nodes). The serum albumin level was depressed in 32 of 
50 patients (two of 11 with local disease and 30 of 39 with spread). 
The a,-globulin elevations correlated well with bone metastases. The 
evidence suggests that a.-globulin levels are valuable indicators of 
distant metastases in breast cancer. 


rum protein electrophoresis (SPE) findings in 

patients with advanced cancer consistently show de- 
pressed albumin fractions with elevations in a-globulin 
levels.’-* This has been attributed to tumor involvement of 
the liver and nonspecific factors.? Elevation of serum a,- 
globulin levels has been reported in gastric, renal, and 
prostatic cancer without liver involvement.** However, 
the reason for a.-globulin elevation in patients with ma- 
lignant disease remains obscure. Decreases in the serum 
a,-globulin level have been considered by some to indicate 
the presence of a therapeutic response in cancer treat- 
ment.*-’ A variety of pathological conditions may pre- 
dispose to an elevated serum a.-globulin level,’ and there- 
fore it cannot be used as a screening test for cancer. The 
a,-globulin level does appear to be an indicator of the clin- 
ical stage of an individual’s malignant disease once the 
diagnosis of malignant neoplasm has been established. 
The present study is a survey of SPE from patients with 
breast carcinoma. Particular reference is made to serum 
a,-globulin levels and their correlation with the degree 
and location of advanced disease. 
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Materials and Methods 


Patients.—The study group consisted of 48 patients with biopsy- 
proven adenocarcinoma of the breast. Patients having a history of 
other primary cancer and those having breast tumors other than 
adenocarcinoma were not included in this study. These 48 patients 
were divided into two groups: group A (11 patients) consisted of 
patients whose disease was confined to the breast and homolateral 
axillary nodes; the 39 patients in group B had had extension of tu- 
mor to the chest wall or the presence of metastases beyond the 
homolateral axillary nodes. Establishment of advanced disease in 
group B was by biopsy of distant lesions; roentgenograms of bone 
showing radiolucent or osteoblastic lesions typical of breast cancer 
metastasis; isotope scans of bone confirming activity at painful 
sites in bone, as well as scans of the liver and brain; or by the 
presence of pleural effusion on chest roentgenogram in a breast 
cancer patient, usually with cellular confirmation of neoplastic 
cells in the effusion. An abnormal enzyme result, for example an 
elevated alkaline phosphatase level alone, was not considered a 
sufficient criterion of advanced disease. Two patients who showed 
localized disease at the initial evaluation later developed distant 
metastases. Laboratory results from these patients are repre- 
sented in both groups according to the clinical stage of the pa- 
tient’s tumor at the time of evaluation. 

Laboratory Data.—-Enzyme data were compared with the follow- 
ing normal values established for our laboratory: lactic dehy- 
drogenase, 150 to 300 units/ml; alkaline phosphatase, 1.2 to 4.2 
Bodansky units/100 ml (male) or 1.0 to 3.0 units/100 ml (female); 
serum glutamic oxaloacetic transaminase, 0 to 40 units/ml; serum 
glutamic pyruvic transaminase, 0 to 40 units/ml (male) or 0 to 25 
units/ml] (female). 

Serum protein electrophoresis results were obtained following a 
standardized procedure‘ at pH 8.6. After staining, the electropho- 
resis strips were machine-integrated. Total protein was measured 
by the biuret technique. Electrophoretic fractions were reported 
as percentages of total protein (“relative percent’), the actual a,- 
globulin concentrations being calculated from these data. In the 
subsequent test, "relative a,” refers to a,-globulin expressed as a 
percentage of total protein, while the “absolute a,” indicates the 
serum a,-globulin concentration expressed in grams per 100 ml. 
The SPE values from a control group of 162 apparently normal 
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* Upper value is mean + ZSD; lower value is range. 


Table 1.—Comparison of SPE Findings* 


Total Relative % of Total Protein 
Protein, Absolute a.,, 
No. gm/100 mi Albumin 1 a, B Y gm/100 mi 
Control pa 7.2+0.72 61.2+6.6 4.1+2.2 8.2 + 2.7 14:14 230 14.9 + 5.3 0:59 + 0.19 
group 6.0 — 8.5 46.9 — 67.5 1.8 — 6.9 5.5 — 12.6 7.5 — 16.3 7.9— 22.8 040 -— 0.87 
‘Group A A 7.3+1.0 55.8 + 8.5 3.7 + 2.2 9.2 + 2.6 12.9 + 2.0 18.1 + 8.7 0.67 + 0.23 
(locahdisease) 6.6 — 8.7 44.0 — 60.7 2.7 — 6.1 6.8 — 11.2 11.3— 14.7 14.7—30.3 %45 -— 0.84 
GroupB ee 6.8+1.5 50.6 + 10.5 5.1 + 3.0 13.8+ 6.5 13.5 + 3.6 16.7 + 9.6 0.93 + 0.43 
(advanced disease) 5.0 — 8.6 33.7 — 61.2 2.6 — 8.1 6.4 — 22.0 96—16.7 114-387 0.41 — 1.52 














Table 2.—Serum Protein Electrophoresis Results: Number of Normal and Abnormal Values 


Total 
Protein Albumin 
Increased 
Normal* 

Decreased 
Increased 
Normal* 
Decreased 
Increased 
Normal” 
Decreased 


*Control group mean + 2 SD. 


bloed bank denors were used to establish normal values. The SPE 
values in the study group were obtained at a patient’s initial hos- 
pital evaluation and when patients were readmitted with recur- 
rent disease. 


Results 


Data from SPEs performed on the control group (162 
patients) are compared with SPE results from the study 
group in Table 1. Normal range for each index is the mean 
of the contrel group + 2 standard deviations SD. The most 
consistently observed abnormality on SPE is elevation of 
the a, globulin fraetion in group B (Table 2). The a, rela- 
tive percent value was elevated in one of 11 patients in 
group A (9.1%) and 32 of 39 patients in group B (82.0%). 
The «,-globulin level, exoressed in grams per 100 ml, was 
increased in one patient in group A (9.1%) and 33 patients 
in group B (84.6%). It wes normal in 15 patients in group 
A and one patient :n groap B. A significant (P<.01) corre- 
latien between both decreased serum albumin and in- 
creasec $-giobulin levels and the presence of advanced 
disease is also noted in Table 2. 

Mean a, and albumin values and ranges for the study 
groups are compared in Table 1. Mean values for a,-globu- 
lins @elative and absolute) and albumin in group B dif- 
fered significantly from che control group values (P<.05). 
Mean values of group A were not significantly different 
from the control group. When data from group A were 
compared with those frem group B, a significant differ- 
enee in the mean values at the 0.90 confidence level was 
established .P<.05) for tae three SPE categories shown in 
Tabie 1. 
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Table 3.—Correlation of 2,-Globulin With 
Site of Metastasis* 







a» Relative % a,,gm/100 mi 
a 
Normal Increased N | increased 


orma 
Bone 0 7s 1 7 1 
(N=31) + 3 20 3 20 
Liver 0 8 10 9 9 
(N=25) + 0 7 1 6 
14 21 1 21 
4 4 





Lung 0 4 
(N=39) + 0 0 
Pleura 0 12 10 12 10 
(N=40) + 2 16 2 16 
Brain 0 4 5 4 5 
(N=11) + 0 2 0 2 
Nodest 0 2 0 2 0 
(N=14) + 7 5 7 5 





* No evidence of metastases, 0; Evidence for metastases on roent- 
genogram, scan, physical examination, or biopsy at time of initial 
evaluation, +. 

t Includes eight patients from group A. 


The patients in group B showed recurrent or inoperable 
disease as follows: tumor involvement in local nodes, eight 
patients; lung, four; pleura, 18; liver, seven; brain, two; 
bone, 23; chest wall, seven; abdominal wall, ene; scalpa, 
one; eye, one; and intra-abdominal, two. Alpha,-globulin 
data were then correlated with site of metastasis by the 
fourfold contingency method.’ The most significant corre- 
lation was between elevation of a.-globulin and the pres- 
ence of evident bone metastasis (Table 3). A good correla- 
tion is shown with liver and thoracic metastases. These 
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data are clouded by the fact that 21 group B patients were 
admitted with multiple metastatic sites. There is no sig- 
nificant correlation between a,-globulin elevation and 
local node involvement; indeed, six of eight group A pa- 
tients on whom biopsy data were available showed ax- 
illary node metastases with normal a,-globulin levels. In 
this study an elevation of a,-globulin did not significantly 
indicate the presence of multiple vs single metastatic 
sites. 


Comment 


The serum of cancer patients theoretically contains pro- 
tein molecules that represent a patient’s metabolic re- 
sponse to the presence of a malignant process. The obser- 
vation that there is an elevation of a,-globulins and a 
depression of the serum albumin level in these patients 
simply reflects measurable alterations in the serum pro- 
tein levels of patients with metastatic cancer.*%1° Alpha,- 
globulin levels are a readily available serologic test that 
clinically correlates with the stage of the breast cancer. 
While elevated a,-globulin levels do correlate well with the 
presence of liver metastases, liver involvement is defi- 
nitely not required for an a.-globulin elevation. We have 
made a correlation between a,-globulin elevation and bone 
metastases, and this appears to be significant. When one 
considers the predilection for breast carcinoma to me- 
tastasize to bone, there may be more than a casual rela- 
tionship between the osseous metastases and the elevated 


a,-globulin levels. 

Recently, a,-globulin levels in cancer and in tissue 
transplantation have been studied. Riggio et al“ showed 
that elevated a.-globulin levels are associated with renal 
homograft rejection. Kamrin’s studies”? indicated that a,- 
globulins block the immune responsiveness at the lympho- 
cyte recognition level. The a,-globulins associated with 
some animal and human malignant neoplasms appear to 
have a similar function.’*** The actual position of 
a,-globulin function in the chain from carcinogenesis to 
metastasis needs much further study. But if one specu- 
lates from available data and clinical observations, then a 
protein molecule or complex that migrates in the a,-globu- 
lin range of serum electrophoresis may contain a blocking 
factor that may consist of a tumor antigen-antibody com- 
plex that adheres to lymphocyte receptor sites and/or at- 
taches to circulating antibody with incomplete comple- 
ment activity. Thus a,-globulin complex may act as a 
signal to turn off lymphocyte recognition mechanisms, 
and mitigation inhibition factor kinin release mecha- 
nisms. Elevated a,-globulin levels may represent a re- 
sponse by an individual’s immunoregulatory mechanism 
to the foreign antigen present in the metastatic tumor. 

In conclusion, the significance of increased a,-globulin 
in the sera of patients with advanced breast cancer is em- 
phasized. Elevated a,-globulin levels appear to correlate at 
an 80% level with the presence of one or more metastases 
distant to the primary tumor site. 


References 


1. Sunderman FW: Studies of the serum proteins: VI: Recent 
advances in clinical interpretation of electrophoretic fraction- 
ations. Am J Clin Pathol 42:1-21, 1964. 

2. Petermann ML: Plasma protein abnormalities in cancer. Med 
Clin North Am 45:537-551, 1961. 

3. pap i CJ: Interrelations of human serum protein 
fractions in health and disease. Nature 202:710-711, 1964. 

4. Suga S, Tamura A: Analysis of serum protein changes in pa- 
tients with advanced gastric cancer with WAT reference to al- 
pha-globulin fractions. Cancer Res, 32:426-429, 1972. 

5. McPhedran P, et al: Alpha-2 globulin “spike” in renal carci- 
noma. Ann Intern Med 76:439-441, 1972. 

6. Ablin RJ, et al: Serum proteins in patients with benign and 
malignant diseases of the prostate. Neoplasma, 18:271-276, 1971. 

7. Gerber J, et al: Biochemical blood studies in patients with 
carcinoma of the ovaries during treatment with preparation C- 
283: I. Behavior of serum protein fractions. Arch Immunol Ther 
Exp 19:861-868, 1971. 


240 Arch Surg/Vol 109, Aug 1974 


8. Henry RJ, Golub O, Sobel C: Some of the variables involved 
in the fractionation of serum proteins by paper electrophoresis. 
Clin Chem 3:49-64, 1957. 

9. Mainland D: Medical Statistics, ed 2. Philadelphia, WB Saun- 
ders Co, 1963, pp 218-240. 

10. Kamrin b: Role of alpha globulins in immunosuppression: 
Tencere site occlusion hypothesis Transplant Proc 1:506-510, 
1969. 


11. Riggio RR, et al: a,-Globulins in renal graft rejection. 
Transplantation 8:689-694, 1969. 

12. Hsu CCS, LoGerfo P: Correlation between serum alpha- 
globulin and plasma inhibitory effect on PHA-stimulated lympho- 
we in colon cancer patients. Proc Soc Exp Biol Med 139:575-578, 
1972. 


13. Ashikawa K, et al: An increase of serum alpha-globulin in 


tumor: Tearing hosts and its immunological significance. Jap J 
Exp Med 41:339-355, 1971. 


Serum a.-Globulins/Minton & Bianco 





elcome to 
Portland, Oregon 


for the 28th | 
inical Convention 


November 30-December 4, 1974 












Sal on r 7 CE 


~ am LPA Ba Taed eA p . 
eee T 75- ; eÈ e 





“in this age of specialization, there’s 
a vital need for discussion of the 
broader mplications of new-found 
knowledge. The 28th AMA Clinical is 
designec for that purpose...to bring 
tegether physicians of the various 
specialties to study and discuss the 





For further details, write: 


broader aspects of medicine as they Circulation & Records Dept. 
apply to their practices.” American Medical Association 
Hulcrick Kammer, M.D., Chairman 535 North Dearborn Street 


Council on Scientific Assembly Chicago, Illinois 60610 











Bacteriologically controlled studies 
demonstrated efficacy in patients with: 


m Skin and soft-tissue infections due 
to Staphylococcus aureus, including 
penicillin G-resistant staph, Group A 
beta-hemolytic streptococci or E. colt. 
= Respiratory tract infections due 





Ktlective performance in 
postsurgical and other serious 
susceptible hospital infections 





to D. pneumoniae, Group A beta- 
hemolytic streptococci, Klebsiella 
spp. or H. influenzae. 

= Genitourinary tract infections due 
to L. coli, P. mirabilis, Klebsiella 
spp. or Staphylococcus aureus, 
including penicillin G-resistant staph 








Low meidence of venous 
irritation on LS administration... 
well tolerated locally 


In contrelled studies cf volunteers and of 
patients receiving I.V. Cefadyl, the incidence of 
venous irritation was low. Controlled studies in 
normal adult volunteers revealed that Cetady] 
was well tolerated intramuscularly. 

Cephalosporms are reported to produce 
maculopapular rash, urticaria, reactions re- 
sembling serum-sickness and anaphylaxis. 
Eosinophilia and drug fever have been observed 
to be associated with other allergic reactions. 
These reaczions are most likely to occur in 
patients with a history of allergy, particularly 
to penicillin. 

Inpenictlin-allergie patients, cephalosporins 
should be used with great caution. There is 
clinical and laboratora evidence of partial cross- 
allergemcity of the penicillins and the cephalo- 
sporins, and there are instances of patients who 
have had reactions to beth drugs (including fatal 
anaphylaxis after parenteral use). 
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Flexible Dosage: adjustable 
to fit severity of infection and 
renal status of patient: 


The usual adult dose of Cefady] is 0.5 Gm. to 

1 Gm. every 4 to 6 hours intramuscularly 

or intravenously. Doses up to 12 Gm. daily may 
be used in very serious or life-threatening 
infections. 


No nephrotoxicity reported 
during extensive clinical trials 


In fact, when Cefadyl was given to patients with 
marked reduction in renal function anc to renal 
transplant patients, no adverse effects were 
reported. However, renal status of patients 
should be determined prior to and during Cefady] 
therapy, since in patients with impaired renal 
function, a reduced dose may be appropriate. 
Rises in BUN have been observed; their fre- 
quency Increases in patients over 50 years old. 
(See Dosage, Adults —in Prescribing Informa- 
tion on last page.) 
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Effective performance in surgical and other serious 
susceptible hospital infections 


E indicated in a wide range of respiratory, G.U., skin/soft 
tissue and other serious hospital infections 

E high blood levels rapidly obtained by both I.V. and I.M. 
routes 

E high stability, small volume for I.M. administration 


= CEFADYL® (sterile cephapirin sodium) 
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Description. Cefadyl (sterile cephapirin sodium) is a cephalosporin antibiotic in- 
tended for intramuscular and intravenous administration only. It is supplied as the 
sodium salt of 7-[a-(4-pyridylthio)-acetamido]-cephalosporanic acid, Each 500 mg. 
contains 1.07 milliequivalents of sodium. 

Actions. Human Pharmacology—Following intramuscular administration of single 
500 mg. and 1 Gm. doses to normal volunteers, average peak serum levels of 9.0 


and 16.4 mcg./ml. respectively, were attained at 30 minutes, declining to 0.7 and 


ae meg./ml. respectively, at 4 hours and 0.2 and 0.3 mcg./ml. respectively, at 
ours. 

Cefadyl and its metabolites were excreted primarily by the kidneys. Antibiotic 
activity in the urine was equivalent to 35% of a 500 mg. dose 6 hours after I.M. 
injection and to 65% of a 500 mg. dose 12 hours after injection. Following an !.M. 
dose of 500 mg., peak urine levels averaged 900 mcg./ml. within the first 6 hours. 

Following rapid intravenous administration of single 0.5 Gm., 1 Gm., and 2 Gm. 
doses, peak serum levels of 35, 67 and 129 mcg./ml. respectively, were attained at 
5 minutes, declining to 6.7, 14.0 and 31.7 mcg./ml. respectively, at 30 minutes and 
0.27, 0.61 and 1.11 mcg./ml. respectively, at 3 hours. 

Seventy percent of the administered dose was recovered in the urine within 
6 hours. Repetitive intravenous administration of 1 Gm. doses over 6-hour periods 
produced serum levels between 4.5 and 5.5 mcg./ml. 

44 to 50% of Cefadyl is bound to human serum. The average serum half-life of 
Cefadyl in patients with normal renal function is approximately 36 minutes. 

The major metabolite of cephapirin is desacety! cephapirin which has been 
shown to contribute to antibacterial activity. 

Controlled studies in normal adult volunteers revealed that Cefadyl was well 


tolerated intramuscularly. In controlled studies of volunteers and of patients re- 


ceiving |.V. Cefadyl, the incidence of venous irritation was low. 

Microbiology—in vitro tests demonstrate that the action of cephalosporins 
results from inhibition of cell-wall synthesis. Cefadyl is active against the follow- 
ing organisms in vitro: 

Beta-hemolytic streptococci and other streptococci. (Many strains of enterococci, 
e.g., S. faecalis, are relatively resistant.) 

Staphylococci, including coagulase-positive, coagulase-negative, penicillinase 


and non-penicillinase producing strains. Diplococcus pneumoniae, Haemophilus 


influenzae, Proteus mirabilis, Escherichia coli, Klebsiella species. 

Most strains of enterobacter and indole-positive Proteus (P. vulgaris, P. mor- 
ganii, P. retigeri) are resistant to Cefadyl. Methicillin-resistant staphylococci, 
Serratia, Pseudomonas, Mima and Herellea species are almost uniformly resistant 
to eee 

Disc Susceptibility Tests—Quantitative methods that require measurement of 


zone diameters give the most precise estimates of antibiotic susceptibility. One 
such procedure* has been recommended for use with discs for testing suscepti- 


bility to cephalosporin class antibiotics. Interpretations correlate diameters of the 


disc test with MIC values for Cefadyl. With this procedure, a report from the 


laboratory of “susceptible” indicates that the infecting organism is likely to 
respond to therapy. A report of "resistant" indicates that the infecting organism is 
not likely to respond to therapy. A report of intermediate susceptibility’ suggests 
that the organism would be susceptible if high dosage is used, or if the infection 
is pontines to tissues and fluids (e.g., urine), in which high antibiotic levels are 
attained. 

indications. Cefadyl is indicated in the treatment of infections caused by sus- 
ceptible strains of the following microorganisms: 

Group A beta-hemolytic streptococci: Skin and soft tissue infections. Respira- 
tory infections. 

injectable benzathine penicillin is considered to be the drug of choice in treat- 
ment and prevention of streptococcal infections, including the prophylaxis of rheu- 
matic fever. Cefadyl is effective in the eradication of streptococci from the naso- 
pharynx; however, data establishing the efficacy of Cefadyl in the subsequent 
prevention of rheumatic fever are not available at present.) 

Staphylococcus aureus (penicillinase producing and non-penicillinase produc- 
ing): Skin and soft tissue infections. Urinary tract infections. 

Diplococcus pneumoniae: Respiratory tract infections. 

Haemophilus influenzae: Respiratory tract infections. 

Escherichia coli: Urinary tract infections, skin and soft tissue infections and 
bacteremia. 

Klebsiella species: Urinary tract and respiratory tract infections. 

Proteus mirabilis: Urinary tract infections. ] 

Note: Appropriate bacteriological studies should be performed to identify the 

causative organisms and determine its susceptibility. Therapy may be started while 
awaiting results of these studies. ; 
Contraindications. Cefady! (sterile cephapirin sodium) is contraindicated in pa- 
tients with known allergy to the cephalosporin group of antibiotics. 
Warnings. IN PENICILLIN-ALLERGIC PATIENTS, CEPHALOSPORINS SHOULD 
BE USED WITH GREAT CAUTION. THERE IS CLINICAL AND LABORATORY EVI- 
DENCE OF PARTIAL CROSS-ALLERGENICITY OF THE PENICILLINS AND THE 
CEPHALOSPORINS, AND THERE ARE INSTANCES OF PATIENTS WHO HAVE 
HAD REACTIONS TO BOTH DRUGS (INCLUDING FATAL ANAPHYLAXIS AFTER 
PARENTERAL USE). 

Any patient who has demonstrated some form of allergy, particularly to drugs, 
should receive antibiotics cautiously and then only when absolutely necessary. No 
exceptions should be made with regard to Cefadyl. 

SERIOUS ANAPHYLACTOID REACTIONS REQUIRE IMMEDIATE EMERGENCY 


TREATMENT WITH EPINEPHRINE. OXYGEN, INTRAVENOUS STEROIDS, AND 


*Bauer, A.W., Kirby, W.M.M., Sherris, J.C., and Turck, M.: Antibiotic Testing by a 
Standardized Single Disc Method, Am. J. Clin. Pathol., 45:493, 1966. Standardized 
Disc Susceptibility Test, FEDERAL REGISTER 37:20527-29, 1972. 


AIRWAY MANAGEMENT, INCLUDING INTUBATION, SHOULD ALSO BE ADMINIS- 
TERED AS INDICATED. 

Usage in Pregnancy—Safety of this product for use during pregnancy has not 
been established. - 

Precautions. The renal status of the patients should be determined prior to and 
during Cefadyl (sterile cephapirin sodium) therapy, since in patients with impaired 
renal function, a reduced dose may be appropriate (see Dosage, Adults). When 
Cefadyl was given to patients with marked reduction in renal function and to renal 
transplant patients, no adverse effects were reported. 

_ Prolonged use of Cefadyl may result in the overgrowth of nonsusceptible organ- 
isms. Careful observation of the patient is essential. If superinfection occurs dur- 
ing therapy, appropriate measures should be taken. 

Adverse Reactions. Hypersensitivity—Cephalosporins were reported to produce the 
following reactions: maculopapular rash, urticaria, reactions resembling serum- 
sickness, and anaphylaxis. Eosinophilia and drug fever have been observed to be 
associated with other allergic reactions. These reactions are most likely to occur 
in patients with a history of allergy, particularly to penicillin. 

Blood—During large scale clinical trials, rare instances of neutropenia, leu- 
kopenia, anemia were reported. Some individuals, particularly those with azo- 
temia, have developed positive direct Coombs test during therapy with other 
cephalosporins. 

Liver—Elevations in SGPT or SGOT, alkaline phosphatase, and bilirubin have 
been reported. 

Kidney—Rises in BUN have been observed; their frequency increases in pa- 

tients over 50 years old. 
Dosage. Adu/ts—The usual dose is 500 mg. to 1 Gm. every 4 to 6 hours intramus- 
cularly or intravenously. The lower dose of 500 mg. is adequate for certain infec- 
tions, such as skin and soft tissue and most urinary tract infections. However, the 
higher dose is recommended for more serious infections. 

Very serious or life-threatening infections may require doses up to 12 Grams 
daily. The intravenous route is preferable when high doses are indicated. 

Depending upon the causative organism and the severity of infection, patients 
with reduced renal function (moderately severe oliguria or serum creatinine above 
5.0 mg./100 ml.) may be treated adequately with a lower dose, 7.5 to 15 mg./Kg. 
of cephapirin every 12 hours. Patients with severely reduced renal function and 
who are to be dialyzed should receive the same dose just prior to dialysis and 
every 12 hours thereafter. 

Children—The dosage is in accordance with age, weight and severity of infec- 
tion. The recommended total daily dose is 40 to 80 mg./Kg. (20 to 40 mg./Ib.) 
administered in four equally divided doses. 

The drug has not been extensively studied in infants; therefore, in the treatment 
of children under the age of three months the relative benefit/risk should be 
considered. 
agent in beta-hemolytic streptococcal infections should continue for at least 

ays. 

Where indicated, surgical procedures should be performed in conjunction with 
antibiotic therapy. 

Administration. Cefady! may be administered by the intramuscular or the intra- 
venous routes. 

Intramuscular Injection—The 1 Gm. vial should be reconstituted with 2 mi. of 
Sterile Water for Injection, U.S.P. Each 1.2 ml. contains 500 mg. of cephapirin. 
All injections should be deep in the muscle mass. 

Intravenous Injection—The intravenous route may be preferable for patients with 
bacteremia, septicemia, or other severe or life-threatening infections who may be 
poor risks because of lowered resistance resulting from such debilitating condi- 
tions as malnutrition, trauma, surgery, diabetes, heart failure, or malignancy, par- 
ticularly if shock is present or impending. If patient has impaired renal function, 
a reduced dose may be indicated (see Dosage, Adults). In conditions such as 
septicemia, 6 to 8 Gm. per day may be given intravenously for several days at the 
beginning of therapy; then, depending on the clinical response and laboratory 
findings, the dosage may gradually be reduced. 

When the infection has been refractory to previous forms of treatment and multi- 
ple sites have been involved, daily doses up to 12 Gm. have been used. 

Intermittent Intravenous Injection—The contents of the 1 Gm. vial should be di- 
luted with 10 ml. or more of diluent and administered slowly over a 3 to 5 minute 
period or may be given with intravenous infusions. 

Intermittent Intravenous Infusion with Y-Tube—Intermittent intravenous infu- 
sion with a Y-type administration set can also be accomplished while bulk intrave- 
nous solutions are being infused. However, during infusion of the solution contain- 
ing Cefadyl (sterile cephapirin sodium), it is desirable to discontinue the other 
solution, When this technique is employed, careful attention should be paid to the 
pauma of the solution containing Cefadyl so that the calculated dose will be 
infused. 

Continuous Intravenous Infusion—After reconstitution, Cefadyl may be added to 
the solutions listed below under Stability. The choice of solution and volume 
should be dictated by the fluid and electrolyte management of the patient. 
Stability. Storage Stability—After reconstitution, Cefady! is stable for 12 hours at 
room temperature and 10 days under refrigeration when reconstituted with Sterile 
Water for Injection, U.S.P. The pH of the resultant solution ranges from 6.5 to 
8.5. During these storage conditions, no precipitation occurs. A change in solution 
color during this storage time does not affect the potency. 

Compatibility with the Infusion Solutions: Cefadyl is stable and compatible for 
24 hours at room temperature at concentrations between 2 mg./ml. and 30 mg./ml. 
in the following solutions: 

Sodium Chloride Injection, U.S.P., 5% W/V Dextrose in Water, U.S:P., Sodium 
Lactate Injection, U.S.P., 5% Dextrose in Normal Saline, U.S.P., 10% Invert Sugar 
in Normal Saline, 10% Invert Sugar in Water, 5% Dextrose +0.2% Sodium Chlo- 
ride Injection, U.S.P., Lactated Ringer's with 5% Dextrose, 5% Dextrose + 0.45% 
Sodium Chloride Injection, U.S.P., Ringer's Injection, U.S.P., Lactated Ringer's In- 
jection, U.S.P., 10% Dextrose Injection, U.S.P. 

Supply. Cefadyl (sterile cephapirin sodium) for I.M. or |.V. injection. Cephapirin 
sodium equivalent to 1 Gm. cephapirin. NDC 0015-7628-1-Gm. vial. 
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Bovine Carotid Artery Shunts 
in Vascular Access Surgery 


Complications in tne Chronic Hemodialysis Patient 
Joseph H. Merickel, MD; Rabert C. Andersen, MD; Russell Knutson, MD; 


Martin L. Liəschultz MD; laude R. Hitchcock, MD, PhD 


One hundred bovine carotid artery shunts were implanted for vas- 
cular access in chronic hempdialysis patients. Seventy-two percent 
of patients have continued te have functioning bovine artery shunts, 
but complications have required repeated attention. Forty-six per- 
cent of patients have bovine grafts functioning without problems, 
26% have grafts functioning but with various problems, and 17% 
have had failure of the graft. Specific complications unique to this 
method of vascular access clude infections at the “dialysis punc- 
ture” sites, hematomas and “alse aneurysms at these sites, edema of 
the arm, pseudodiaphragm formation at the venous anastomosis, 
and pseudointima formation with dissection. Despite these, the au- 
thors believe this method ofarteriovenous shunt for chronic hemodi- 
alysis patients has definite indications and can be considered a posi- 
tive adjunct in this new field of medicine and surgery. 


e wicespread use of chronic hemodialysis for pa- 

tients with termiral renal failure has made vascular 
access surgery more commonplace. Currently, most oper- 
atsons for vascular ac@ss are performed in dialysis and 
renal transplant centers with well-established protocols 
for-various aspeczs of patient care. However, with contin- 
ued increase in the number of dialysis patients and fur- 
ther stabilizatior of tae method, practicing surgeons in 
many communities are being called on to assist in the care 
of these patients. 

Thus far, six methods of vascular access have been used 
or the transplantation and dialysis services of the Henne- 
pin County General Hespital. Beginning 11 years ago we 
used the Scribner shun, then adopted other techniques in- 
clading a primary ar-eriovenous fistula in the forearm 
(Brescia-Cimino shunt., arteriovenous fistulas with trans- 
planted saphencus veins (autologous and homologous), 
Taomas shunts femoral artery and vein) and, more re- 
cently, bovine carotid artery shunts. Surgery for vascular 
aseess is Decoming mere of a challenge in some patients 
who are maintained or dialysis for increasingly longer pe- 
riods of t-me, and as aur criteria for patient selection are 
being breadened te include candidates with multiple sec- 
ondary medical oreblems. 
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The recently adopted xenograft technique makes use of 
bovine carotid artery shunts in the forearm of the patient 
or, on oecasion, in the upper part of the thigh. We are 
presenting our initial experience with the first 100 bovine 
arteriograft implantations in chronic hemodialysis pa- 
tients to demonstrate the problems and complications 
with this method and to indicate more likely criteria for 
their use that hopefully could lead to more satisfactory re- 
sults in future patients. 

Many patients in our series have actually “selected 
themselves” for use of the bovine shunt following failure 
of all other methods of access. If this method were to be 
selected initially in the course of treatment of good candi- 
dates, the success rate would undoubtedly be higher and 
the incidence of complications would be lower than we 
now experience. We first used this shunt in our dialysis 
patients on July 26, 1972, and the study covers 18 months 
through Jan 31, 1974. Recognizing that an external shunt 
device is still highly desirable as a form of vascular access 
when the method is tolerated well by a patient, we now 
believe that bovine shunts are best applied in patients 
who have failed to tolerate an external access device, or 
patients with simple arteriovenous fistulas (Brescia-Ci- 
mino shunts) whose veins have deteriorated with aneu- 
rysm formation or thrombosis. Therefore, we currently 
are using the bovine shunts in patients who have run the 
limit of usefulness of other possible access devices. 


Materials and Methods 


The bovine artery xenograft currently in use was developed in 
1966 by Rosenberg et al as an adjunct in various kinds of vascular 
surgery.’ Success with this type of graft was dependent on the 
work of Krafka showing that the collagen components of the arte- 
rial wall can provide 100-fold more resistance to stress than the 
musculoelastic portion of the blood vessel.’ Since collagen is a 
bland and nonantigenic substance, with successful removal of the 
antigenic components the physical strength necessary to a good 
vascular conduit could be retained with the nonreactive collagen 
matrix. | 

The bovine graft is currently available. The musculoelastic tis- 
sue of the bovine carotid artery is removed by enzymatic diges- 
tion leaving approximately 75% of the remaining material as col- 
lagen. Tanning with dialdehyde starch creates essentially a 
biological plastic tube containing cross-linked collagen fibers in a 
natural woven pattern. Following the initial application of this bi- 
ological prosthetic graft by Chinitz and his colleagues’ in the cre- 
ation of arteriovenous fistulas for hemodialysis, we have accepted 
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Fig 1.—Functional results of first 100 bovine prosthetic ‘‘vascular access’’ shunts. 


Fig 2.—Unusual pseudodiaphragm found at anastomosis between bovine carotid artery 
shunt and antecubital vein in four patients; technique of surgical correction is illustrated. 
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this graft as a well-established vascular conduit with adequate 
tensile strength and minimal tendency toward thrombosis, thus 
permitting prolonged use curing repeated dialyses. 

The placement of bovine grafts in the forearm has been accom- 
plished most commonly with axillary block anesthesia. Our surgi- 
cal preparation has included a ten-minute wash with povidone-io- 
dine soap, application of 70% alcohol, and application of full- 
strength povidone-iodine. The antecubital vessels in the forearm 
are exposed through a curvilinear incision distal enough on the 
arm to avoid the flexion crease at the elbow. The arterial anasto- 
mosis is made commonly te the brachial artery immediately be- 
fore it bifureates. The veim for runoff is chosen below the flexion 
crease at the elbow. Venous anastomoses commonly are more dif- 
ficult to perform due to inequalities in both size and texture of the 
veins. The antecubital vein aas been used most often in our series, 
and the basile vein is the next choice. 

Subcutaneous tunrels are created with a uterine packing for- 
ceps. Counterincisions, to faciitate formation of the distal loop, 
are made just above the wrist laterally and medially away from 
the propesed site for the graft. This avoids placement of an inci- 
sion over the bovine graft. The venous anastomosis is made first, 
follawed by placement of the graft in the subcutaneous tunnel. 
The arterial anastomosis is chen performed using gentle clamps to 
prevent fracture of the intima, which frequently is very brittle in 
these patients. This is a particularly important factor in the older 
and diabetic patients. Beth anastomoses must be below the flexion 
crease of the elbow or kinking may result. Rotational twisting of 
the graft during placement-can be a perplexing problem, and we 
have avoided this by marking a long stripe on the graft with a 
skinencil prior to placement. The curve of the graft at the wrist 
must be gentle in order to minimize kinking or skin erosion at that 
point. At the albow, tne graft is tunnelled more deeply in order to 
approximate the vessels wita a very acute angle of anastomosis to 
provide smooth flow characteristics. Following surgery, care must 
be exercised by all concerned to prevent undue pressure on the 
graft or vessels proximal tc the graft. 


Clinical Experience 


During the past 11 years (Feb 6, 1963 through Jan 31, 
1974) 386 patients have received chronic hemodialysis in 
our program. Renal trarsp.ants have been performed in 
114 patients. At the present time there are 188 patients on 
chronic hemedialys’s in our overall program. In this group 


of patients Scribner shunts have been used in 36%, pri- 


mary arterievenous fistulas (Brescia-Cimino shunts) in the 
forearm in 30%, saphenoas vein shunts in the forearm in 
5%, Thomas shunts in less than 1%, and the bovine arterio- 
prosthetic shunt in 28%. 

Surgical complications have occurred in 43% of patients 
with bovine shunts. Analysis of our first 100 grafts reveals 
she following: 9% of the dovine grafts were satisfactorily 
*unctioning when the petient died of causes incident to 


nis renal failure; 2% were surgically tied off, in one in- . 


stance under the misapprehension that the graft was in- 
ected (no positive cultures were ever obtained); in the 
second case the patient became seriously ill with hypoten- 
sion secondary to infection elsewhere in the body and a 
“steal” or “high-flow” situation resulted during hypoten- 
sion. 

Forty-six percent of the patients have grafts function- 
ing without problems of any significance. Twenty-six per- 
eent have grafts functioning but with various problems, 
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including thrombosis (requiring 39 declottings and eight 
revisions), and 17% of the grafts have failed with survival 
of the patients (six declottings and one revision were done 
in this group). Overall, 81% of our grafts have functioned 
satisfactorily to date and 72% have continued to function 
in surviving patients. Figure 1 illustrates the initial expe- 
rience with this first 100 grafts. 

Analysis of Patients With Bovine Shunt Failures.—In the 
group of 17 patients with failure of the bovine grafts, 
thrombosis was a common occurrence. The grafts func- 
tioned for an average of five months and the range of pa- 
tency and usefulness was as follows: grafts functioning 0 
months, four; grafts functioning one month, one; grafts 
functioning two to three months, four; grafts functioning 
four to eight months, four; grafts functioning nine to 12 
months, four. 

In the group of 46 patient with grafts functioning with- 
out significant problems, the average number of months 
of use is ten; grafts are functioning in ten patients for 
two to six months; in 26 patients for seven to 12 months; 
and in ten patients for 13 to 18 months. 

Twenty-six patients have bovine grafts functioning but 
with some degree of problem relative to their usage. In 
this group the average number of useful months is 11.5. 
There are three with grafts functioning for two to six 
months; eight with seven to 12 months of useful function, 
and 15 with 13 to 18 months of useful function. 


Complications 


Anastomotic Breakdown.—There has been no instance of 
breakdown of an arterial or venous anastomosis in our 
first 100 cases; 6-0 vascular synthetic suture is used for 
these anastomoses with a simple running stiteh. 

Chemical Reaction.—We have been unable to note any 
undue reaction secondary to chemicals in the grafts. 

Infections.—No infections occurred secondary to the sur- 
gery for implantation of the bovine shunts. There were, 
however, five patients in whom infections did develop at 
the site of dialysis “puncture” points. Small abscesses 
formed, and the patients responded satisfactorily to surgi- 
cal drainage of the abscess and treatment with systemic 
antibiotics. The grafts were retained for future use after 
healing occurred. 

Hematoma.—No patients developed a hematoma second- 
ary to the ‘vascular anastomoses performed during im- 
plantation of the graft. A few patients did develop hema- 
tomas secondary to repeated “puncture” during dialysis, 
and this has been more common when bovine shunts were 
used in the femoral location as against the forearm loca- 
tion. (Four patients have had these shunts placed in the 
femoral location in our series.) We now believe that bo- 
vine shunts are contraindicated for use in the thigh, ex- 
cept as a last resort. 

False Aneurysm.—There were no false aneurysms at the 
site of the arterial or venous anastomoses. Three patients 
developed false aneurysms at the sites of needle punc- 
tures, but this is not unique to the bovine vascular shunt. 
A similar problem has been noted in our experience when 
simple arteriovenous fistulas are used as well as trans- 
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Fig 3.—Acellular graft incorporated into 
host connective tissue. Graft lumen compro- 
mised by thrombosis with organization of 
thrombus (hematoxylin-eosin, x 12). 


toxylin-eosin, X 12). 


planted saphenous veins as loop grafts. 

Rejection.—We have not noted a reaction resembling 
“rejection” in any of the 100 patients. Immunofluorescent 
microscopical studies have been performed on some grafts 
removed for technical reasons and have failed to reveal 
any evidence of immunologic injury. 

Edema.—Some degree of edema follows placement of all 
grafts but is increased and becomes bothersome in pa- 
tients in whom only one antecubital incision is used (no 
lateral incisions at the wrist) or in those situations where 
the graft is placed with too generous a curve in the loop. 
Usually this edema subsides by the fourth to sixth postop- 
erative day. The edema is not on an allergic basis as con- 
firmed by normal results from immunofluorescence studies 
performed on grafts that have been removed. This is a 
mechanical problem and has been noted in some of our 
other patients wherein autologous or homologous saph- 
enous veins have been used for forearm shunts of the loop 
type. 

Pericardial Tamponade.—One patient had pericarditis, 
which is a relatively common complication in chronic he- 
modialysis patients. Under this circumstance, during a di- 
alysis run, a high venous pressure is present that results 
in increased ultrafiltration leading to hypovolemia. At ter- 
mination of the run, the patient returns to the ward with 
a high venous pressure, slow flow, hypovolemia, and low 
arterial pressure; there is an increased tendency to throm- 
bosis. This patient responded to nonsurgical management 
of the pericarditis, and the graft was successfully de- 
clotted and continued in use. 

Heart Block Plus Hypovolemia and Low Flow.—One pa- 
tient clotted the bovine shunt during an episode of heart 
block and hypotension with resultant low flow. This prob- 
lem was corrected by placement of a transvenous pace- 
maker. 

Progressive Narrowing of Efferent Vein.—In three patients 
we have found an unusual narrowing of the vein in the di- 
rection of the “runoff” that occurred several centimeters 
toward the heart from the venous anastomosis. There did 
not appear to be a valve at this point but rather a narrow- 
ing of the vein, so it was not compatible with the size of 
the lumen immediately distal and proximal. Careful dis- 


248 Arch Surg/Vol 109, Aug 1974 





Fig 4.—Thrombotic material is loosely at- 
tached to graft wall; note dissection (hema- 
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Fig 5.—Acellular graft incorporated into 
host connective tissue (bottom). Lumen 
compromised by mural thrombus (top) 
(hematoxylin-eosin, x 40). 


section about the vein at this point with resection of the 
involved area has relieved the narrowing in each instance. 
We have not experienced this situation prior to the use of 
bovine shunts and do not know the cause of the problem. 
All have been above the elbow joint, in the upper arm. 

Pseudodiaphragm Formation.—In four patients we have 
noted a firm and tough “pseudodiaphragm” that devel- 
oped internally at the site of the venous anastomosis. This 
partial obstructing mechanism could not be dislodged nor 
removed with Fogarty catheterization, and a direct sur- 
gical attack was needed. This is not a pseudointima but 
appears to be a firm reactive tissue that is new in our ex- 
perience with this kind of vascular surgery. We have 
reoperated on four patients successfully for this problem. 
Some earlier shunts may have been lost due to our failure 
to recognize this unusual development. Figure 2 portrays 
the problem and the surgical technique that has been suc- 
cessful in eliminating the obstructing “membrane.” 

Pseudointima Formation.—Although fibroblasts reported- 
ly do not grow through the interstices of the firm collagen 
meshwork of the biologic conduit, a pseudointima did de- 
velop in the lumen of most of our bovine shunts that were 
examined for this. With repeated puncture of the shunt at 
two places, “arterial needle” and “venous needle,” the in- 
tima on occasion is dissected at a point immediately distal 
to the arterial puncture site. This pseudointimal tissue has 
acted as an obstructing valve mechanism in some pa- 
tients, and declotting with removal of the “flap” with Fo- 
garty catheters has been necessary. 

Vascular “‘Steal.”—We have noted a serious so-called vas- 
cular steal in three diabetics and one nondiabetic patient 
wherein the fingers of the involved hand show evidence of 
ischemia. In one of these patients a surgical narrowing of 
the rather patulous bovine shunt was performed using 
transmural sutures placed in a curvilinear fashion over a 
segment approximately 2 cm long and providing a gentle 
narrowing of the lumen of the graft. Reduction of flow in 
the shunt corrected the “steal” syndrome. 

Skin Erosion.—Repeated puncture of the bovine shunts 
with needles during dialysis has led to areas of erosion 
when nursing personnel “overuse” specific sites on the 
shunt. A continual program of instruction is necessary to 
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encourage nurses to rotate their puncture sites around the 
periphery of the shunt aad also to move proximal and dis- 
tal with repeated dialyses. These erosions resulted in loss 
of tissue but, interestingly, the areas usually granulated 
anë healed over without loss of the shunt if further 
“needling” of the site was stopped. 

Technical Factors.-The bovine graft material is rather 
stif and seems to become more firm with prolonged use in 
the human. Formetion of a gentle loop and prevention of 
axial rotation are important factors to provide optimal 
mezhanical features fer prolonged and repeated use. 
Placement of the craft at proper depth below the skin sur- 
face is necessary to provide easy access by the nursing 
personnel who must use these repeatedly during dialyses. 
However, too sup2rficial a placement leads to erosion of 
the skin at the sites of needle puncture and can be both- 
ersome. The quality of the patient’s skin is important to 
consider during the dedsion as to method of vascular ac- 
cess and the poss:ble use of bovine material. The unduly 
malnourished patient has had difficulty with erosion of the 
graft along the straight portions of the shunts, and this is 
rather unique te this group of patients. Grafts that erode 
at the bend of the shunt at the wrist have been related to 
excessive pulsations by the graft, and this is commonly 
secondary to a degree of partial obstruction in the out- 
flow. Ideally, the shunt should have very minimal pulse. 

Dur counterindsions at the wrist have been widely 
placed to prevent the incision from lying directly over the 
bovine graft material. This is important at the wrist since 
the amount of subcutaneous tissue is minimal at this 
paint. A substantial number of our failures have been sec- 
ondary to a poor venous runoff. Many patients have had 
previous trauma at the antecubital fossa with scarring of 
the venous system at that level. 

Wound healing is delayed substantially in patients with 
renal failure. Skin sutures are left insitu for 12 to 14 days 
routinely in our program. Inadvertent removal of sutures 
earlier than this has resulted in wound separation in some 
cases. Usually, however, reapproximation of the skin has 
been effeetive for final healing to occur. 

Dialysis patients are prone to develop pericarditis with 
a consequent pericardial effusion. Secondary to this the 
patient develops a high venous pressure and a low cardiac 
output. Under these circumstances, thrombosis of the bo- 
vine graft is likely. Aa ischemic appearance of the hand 
on the side of the graft has been seen occasionally in our 
patients. This commonly has been noted in patients with a 
lew hemoglobin ‘evel who develop a hypotension while on 
dialysis. One patient, as noted previously, had the bovine 
graft ligated secondary to this kind of hemodynamic ab- 
normality. 

latregenic Complications.—Nursing personnel caring for 
the dialysis patients continue to present a problem with 
their use of tourniquets in various forms. Elastic band- 
ages or tight dressings placed about the arm after dialysis 
te stop bleeding from the “needle punctures” has led to 
tarombosis on numercus occasions. Commonly the patient 
finishing dialysis is slightly hypovolemic due to fluid com- 
partmental instability secondary to “drying the patient 
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out.” After a “transfusion” from the Kiil dialyzer at the 
end of the run, the intravascular pressure is transiently el- 
evated. When the patient is subsequently upright, a state 
of hypovolemia and mild hypotension along with a tightly 
placed dressing leads to graft failure secondary to throm- 
bosis. This occurs frequently during the trip home from 
the dialysis center. 

Extravasation of blood from a needle puncture second- 
ary to too early use of the shunt after placement has occa- 
sionally been a problem. The bovine shunt has no intrinsic 
elastic properties and will continue to bleed if pressure is 
not applied following “puncture.” In our clinic we have 
customarily tried to wait ten to 14 days before permitting 
use of the bovine shunt by the nursing personnel. 

Pathologic Evaluation of Removed Shunts.—Pathologic 
examination of grafts removed following failure of de- 
clotting procedures to maintain patency showed several 
constant features. The graft appears to be incorporated 
into the surrounding tissue by fibrous connective tissue. 
The lumen is compromised (in these inadequate grafts) by 
a thick layer of mural thrombus. These findings are sim- 
ilar to those described by Rosenberg and Dillon and co- 
workers in their evaluations of these bovine grafts in 
other kinds of arterial surgery.*® 

The connective tissue contains chronic inflammatory 
cells, predominantly lymphocytes and plasma cells. We do 
not believe this cellular infiltrate is due to an immunologic 
response, since in vivo observations and in vitro immuno- 
logic testing in our laboratories has established that the 
ficin and dialdehyde starch-treated bovine carotid artery 
is nonantigenic; similar opinions have been expressed by 
other authors.’ We believe inadequate runoff through too 
small veins and consequent slow blood flow are probably 
responsible for this increased mural thrombus in grafts 
that fail. Figure 3 demonstrates a cross section of bovine 
artery graft removed from a patient’s forearm showing a 
thickened mural thrombus that is well organized and has 
the appearance of “atherosclerosis.” This material, for the 
most part, is firmly adherent to the wall of the graft. 
However, Fig 4 demonstrates some degree of dissection of 
this thrombus from a portion of the wall of a removed 
graft. Figure 5 demonstrates the cellular infiltrate on the 
outside of the graft, as well as the fibrous collagenous 
matrix and cellular infiltrate in the thrombus on the lu- 
men side of the graft. 


Comment 


Placement of vascular shunts for repeated access during 
dialysis poses a unique surgical situation. In no other cir- 
cumstance does the vascular surgeon perform a well-con- 
ceived and highly technical surgical procedure that is sub- 
sequently and on repeated occasions punctured, mauled, 
strangulated, and finally destroyed by well-meaning and 
purposeful individuals using the graft for its intended 
purpose. Many of the problems that have led to thrombosis 
and the need for repeated declotting of the bovine grafts 
have been secondary to personnel “idiosyncrasies” or im- 
proper technique. Constant emphasis on proper techniques 
during dialysis is needed to minimize the number of un- 
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warranted problems incident to use of the grafts. 

Overall, we have been impressed with the relatively low 
rate of serious complications following the use of this in- 
teresting xenograft material under these conditions. We 
believe the ideal graft should have the following specific 
characteristics: (1) A good bruit should be readily palpated 
and heard over the graft. (2) There should be little or no 
pulse palpable in the graft (a marked pulse indicates par- 
tial outflow obstruction). (3) A high flow should be 
achieved. (4) There should be no kinks or undue curves in 
the final loop of the graft. (5) Little or no edema should re- 
sult from placement of the graft and from continued us- 
age. (6) The graft should be superficial enough for easy re- 
peated puncture by the nursing personnel and yet deep 
enough in the subcutaneous tissue to help minimize ero- 
sion. (7) The afferent and efferent limbs of the bovine 
shunts should be as straight as possible to provide easy ac- 
cess with the “arterial” and “venous” needles during 
puncture. (8) The pressure within the system should be 
low and accomplished by means of good runoff. 
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Discussion 


RICHARD L. Lawton, MD, Iowa City: I want to congratulate the 
authors on a very beautiful paper. I had an opportunity to review 
the paper before this meeting, and I know the authors are dealing 
with a very difficult group of patients. Their unit in Minneapolis 
has one of the largest dialysis groups and many patients of ad- 
vancing age. It is also unique in that many of the patients have 
associated disease such as diabetes. 

I make a plea for some uniformity in our nomenclature for vas- 
cular access. You will notice the paper’s title relates to “bovine ca- 
rotid artery shunts.” We should call this connection an an arterio- 
venous fistula with an interposed bovine graft. The word “shunt” 
should properly be reserved for those devices that have some ex- 
ternal appliance on the body: the Scribner shunt, for example. 
“Fistula” should be reserved for those access connections that are 
subcutaneous or “buried.” 

Our complications have been somewhat similar to the ones that 
have been noted. I do not know how to explain the abnormality of 
the diaphragm or pseudomembrane at the anastomosis. We are 
limited to some degree by the graft size that is offered to us in ca- 
rotid bovine grafts. Often they are oversize and, on the venous 
side of the anastomosis, we often have to accommodate the graft 
to a very small vein. I wonder if this might explain some of the ab- 
normalities that have been noted on the venous side of the connec- 
tion. 

I might mention something about arterialization. As a rule I ar- 
terialize the graft before I make both anastomoses, even though I 
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make an indelible line along the graft to make sure I do not rotate 
it. I have seen it rotated so that the line is actually turned 360°, 
which, of course, will defunctionalize the graft. 

Another technical element is the placement of the graft in the 
tissues in the arm or wherever you happen to place it. Most of the 
time, in a person with normal subcutaneous tissue, you can place it 
in the subcutaneous area and still have adequate access to needle 
puncture. However, in patients with a thick panniculus I usually 
place the graft subdermally; in this location it is more accessible 
to the nurses who have to pierce these grafts periodically with 
needles. 

The authors have placed all of their fistulas in the upper ex- 
tremity. I might say parenthetically that this group of 100 pa- 
tients done in a period of 18 months is the world’s record as far as 
frequency and time involved for special access in patients on 
maintenance dialysis. 

The authors, as I mentioned, have placed all their arterio- 
venous interposed fistulas in the upper extremity. Often it is an 
advantage to patients on home dialysis to have the fistula in the 
lower extremity. They can better place their own needles, because 
they have both hands free to do this. I often place a straight fis- 
tula in the lower extremity. 

In the arm, also, I am sort of a “straight” man. I put my bovine 
grafts in straight, either in the lower extremity or in the upper 
extremity, but I have used loops occasionally. Most of the time I 
put a straight graft in the forearm between the brachial artery 
and a distal vein or, in the reverse fashion, from the radial artery 
to a vein in the antecubital fossa. 

This paper is a real landmark in vascular access for patients 
with maintenance dialysis, and will represent a good baseline for 
all of us to compare our results with. 

Davip Butscu, MD, Moretown, Vt: I would like to ask why so 
many bovine grafts were used in preference to using possibly the 
saphenous vein as a graft. 

Dr. MERICKEL: First, the question of graft size. The grafts that 
we like to use when we can procure them have a diameter of 6.5 to 
7 mm, and we use the larger end for the venous anastomosis. I 
suppose that does tend to cause a problem. 

We did the venous anastomosis first for technical reasons. It is 
the more difficult of the two anastomoses, and if you do it first it 
can be done before the graft is placed in the tunnel. One can do 
two anterior rows instead of trying to do a posterior row or sew- 
ing it from the inside. The other reason for doing the vein first is 
because the graft tends to leak somewhat when the clamps are re- 
moved and, if the vein has been anastomosed and is allowed to 
back fill, the needle holes will have sealed. 

When we were placing these grafts in our large dialysis popu- 
lation, for a time I thought we had a world record also. We do not 
use the leg location because of hematoma formation. It is also 
more difficult for the nurses to put a compression dressing ade- 
quately in that location. We generally use loops instead of straight 
segments (and we have used some straight segments) because our 
patients do not have distal vessels to anastomose; they have all 
been sacrificed over the years. We are left with those vessels at 
the antecubital space. 

I am glad the question was asked why we do not use saphenous 
veins. There are several reasons for this. Out patients all seem to 
be candidates for transplantation at one time or another, and we 
do not use the allograph veins because of producing hyper- 
sensitivity. We do not use the autologous vein because it makes a 
more extensive operation. The bovine graft is placed under ax- 
illary block, whereas if you use the patient’s vein it requires more 
anesthesia and a longer procedure. Also, the patients who need an 
arteriovenous shunt usually have the worst possible veins in their 
arms and legs. 
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Acute Mechanical Complications of 
Coronary Arterial Disease 


Surgical Correction 


Watts R. Webb, MD; Frederick B. Parker, Jr., MD; 
John F. Neville, Jr., MD; E. Lawrence Hanson, MD 


Mechanical complications that cause heart failure after acute myo- 
cardial infarction may be corrected early by surgery. The develop- 
ment cf effective cardiac assistance by intra-aortic balloon pumping 
(IABP) has proved invaluable in resuscitating patients in over- 
wheiming cardiac failure, maintaining them during diagnostic eval- 
uation, and affording long-term (up to two weeks) postoperative sup- 
port. Four of five patients with acutely expanding ventricular 
aneurysms, two of six patients with acute mitral regurgitation, and 
one of two patients with acute ventricular septal defects are living 
and weil. Ten of these 13 patients required IABP. Seven of the 
group, which was totally refractory to medical therapy, are long-term 
Survivors as a result of this combined supportive, diagnostic, and 
‘surgical approach. Usually the heart can be repaired successfully. Pa- 
tients are lest primarily from the ravages, prior to surgery, of over- 
whelming cardiac failure on other organs. 


yocardial infarction frequently results in overwhelm- 
ing heart failure. When this is due to excessive loss 
of myocardium or a mechanical impediment to ventricular 
function, medical therapy is generally unsuccessful. Intra- 
aortic balloon pumping (IABP) can improve cardiac out- 
put, maintain life, and interrupt the vicious circle that re- 
sults from low cardiac output. Occasionally, this is all that 
is necessary to permit survival. Usually the downhill 
course is only delayed, unless a mechanical complication 
amenable to surgical correction can be identified. This can 
be dene safely by d.agnostic studies performed during 
IABP. Coronary angiography will frequently demonstrate 
the need for bypass grafts to noninfarcted areas as an ad- 
junet to the primary surgical procedure. The combination 
of correction of mecaanical problems and revasculariza- 
tion rarely restores adequate cardiac output acutely. With 
IABP support (for up te two weeks), left ventrieular func- 
tion will usually steadily improve to the point that IABP 
can be ciscontinued. 


Acute Ventricular Aneurysm 


In general, the mechanical complications of vascular oc- 
clusion are related tc the site and the extent of the result- 
ant myecardial infarction. Acute occlusion of a major cor- 
onary vessel without previously formed collateral channels 
may result in an extensive acute transmural myocardial 
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infarction that may expand in a few days or weeks to 
form a large ventricular aneurysm. The vessel most fre- 
quently involved is the left anterior descending coronary 
artery just distal to its takeoff from the main left coro- 
nary artery. Since septal and diagonal branches are also 
often involved, there is damage to a large area of the an- 
terolateral ventricle and septum with necrosis and pro- 
gressive dilation. Some may be complicated additionally 
by the development of an acute ventricular septal defect. 
Klein et al found that an aneurysm must involve more 
than 20% of the left ventricle to cause increased left ven- 
tricular end diastolic pressure and volume.’ Progressive 
heart failure may become so severe that medical measures 
are ineffective and immediate surgery must be considered. 
Since many of these patients have involvement of other 
coronary arteries, preoperative catheterization with coro- 
nary arteriograms and ventriculography is mandatory. 


Intra-aortic balloon pumping is extremely effective in pre- 


paring these acutely ill patients for emergency catheter- 
ization, performed with the intra-aortic balloon in place 
and functioning. 

The acute aneurysm is usually found on the anterolat- 


eral ventricular wall. If other major areas are nonfunc- — 


tional due to previous infarcts, surgical intervention may 
be fruitless. Sanders et al’ arbitrarily divided the ventricle 
into six major areas and they believe that at least four of 
these must have adequate contractility for the patient to 
survive operative intervention. Many patients will require 
concomitant coronary bypass procedures for high-grade 
lesions present in other coronary vessels. We have never 
found it necessary or appropriate to attempt revasculari- 
zation of the vessel supplying the infarcted area. 

Surgical Technique.—Standard techniques are used with slight 
modifications because of the fresh infarct. After bypass begins, 
the heart is fibrillated to prevent embolization of clot within the 


heart, and the aneurysm is excised. The septum is carefully exam- — 


ined for any acute ventricular defect which, if present, is repaired 
concomitantly. The friability of the base of a recent infarct can- 
not be overemphasized. We prefer to place horizontal mattress su- 
tures carefully tied over Tefion felt pledgets. If sutures are tied 
too tightly, the soft myocardium may tear with ensuing severe 
hemorrhage. A more superficial running suture further insures 
hemostasis. A left ventricular vent is utilized at the apex of the 
suture line until the heart is defibrillated and the patient is ready 
to be weaned from bypass. Careful attention is paid to left atrial 
pressure and the maintenance of a normal serum potassium level. 
If IABP is needed postoperatively, the patient is slowly weaned 
off IABP when the left atrial pressure can be maintained at 20 
mm Hg or less and there is clinical evidence of adequate cardiac 
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Chest roentgenograms of 95-year-old white woman admitted two 
weeks following acute myocardial infarction with progressive failure 
in spite of intensive medical therapy. Left, On admission. Center, Af- 
ter 24 hours of IABP that was started on admission. Catheterization 


output as judged by blood pressure, pulse pressure, urine output, 
and so on. 

Clinical Experience.—Five patients with acute antero- 
lateral ventricular aneurysm, four men and one woman 
(Figure) with ages ranging from 51 to 68 years, were seen 
in acute left ventricular failure 11 to 63 days following in- 
farction. In each, medical therapy was unsuccessful. Intra- 
aortic balloon pumping was started in four. In each, the 
left anterior descending coronary artery was completely 
occluded and the remaining left ventricle appeared to 
function adequately. 

Surgery consisted of resection of the aneurysm in all 
five patients. One patient with a massive aneurysm also 
had a saphenous vein graft to the left circumflex coronary 
artery, but died of irreversible ventricular fibrillation. 
Three patients had IABP for three to five days following 
operation. The four surviving patients have now been ob- 
served from six to 18 months and are doing well. 

Ventricular Septal Defects 

Coronary occlusion, most often of the left anterior de- 
scending coronary artery but fairly frequently of the pos- 
terior descending artery, may cause necrosis of the inter- 
ventricular septum producing an acute ventricular septal 
defect. Generally, the defect is in the septum at the apex 
of the heart and may be further complicated by an acute 
infarction or aneurysm of the free ventricular wall. These 
defects typically become apparent seven to ten days fol- 
lowing an acute infarction with the precipitous develop- 
ment of pulmonary edema. The diagnosis can be suspected 
from a new harsh systolic murmur along the left sternal 
border and confirmed easily by catheterization of the 
right side of the heart or even by bedside passage of a 
Swan-Ganz catheter into the right ventricle to detect the 
increased pressure and step-up in oxygen saturation. The 
absence of a very high V wave in the pressure tracing will 
further differentiate the ventricular septal defect from 
acute mitral valve insufficiency, which it is most likely to 
mimic clinically. 

The shunt is two to five times the cardiac output, thus 
far more than the normal heart’s work load. This in- 
creased output by the right ventricle increases the pulmo- 
nary vascular volume, the return to the left atrium, and 
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performed at this time during IABP showed complete occlusion of 
left anterior descending coronary artery and massive anterior left 
ventricular aneurysm; IABP was continued for two days postopera- 
tively. Right, Follow-up five weeks after resection of aneurysm. 


the left atrial pressure. The increased left ventricular fill- 
ing pressure can stretch the infarcted wall, increase left 
ventricular volume, and further reduce the efficiency of 
left ventricular contraction.‘ 

Prognosis.-The importance of this complication is em- 
phasized by the fatal consequences since 80% of such pa- 
tients, if not operated on, live for less than two months. In 
contrast, to date over 100 instances of operative treat- 
ment have been reported with approximately 60% sur- 
vival. Those patients with smaller deficits can survive for 
several days to weeks when operation can be performed 
electively.” Those who have an acute need to be operated 
on for progressive heart failure and shock have a much 
poorer prognosis, especially if unsupported by IABP.** 

Surgical Technique.—Since there is nearly always an infarction 
of the free ventricular wall, the septum is approached through the 
infarct site of the left ventricular wall, either anteriorly or poste- 
riorly.”* If the infarct of the apex of the left ventricle is small, the 
septum and the right and left ventricular walls can be closed 
against the intact septum by interrupted pledget reinforced su- 
tures incorporating all three structures in sandwich fashion. If the 
septal infarct is large, it should be totally excised and two sheets 
of Teflon felt—one on each side of the septum—sutured around the 
defect by mattress stitches from each side of the residual septum.® 
This double layer of the artificial septum is then brought exter- 
nally through the apex of the ventricle and the right and left ventric- 
ular walls joined to it by through-and-through mattress sutures 
likewise reinforced by Teflon pledgets. This should successfully re- 
construct the ventricular septum. 

Clinical Experience.—We have operated on two patients, 
both men, who were admitted six and 13 days, respec- 
tively, after acute anterior myocardial infarctions. There 
have been two other patients with small ventricular septal 
defects recognized during resection for ventricular aneu- 
rysms. 

The first patient, in severe failure; had IABP for 53 
hours prior to surgery and required extensive resection of 
an extensively necrotic septum and a massive infarct of 
the anterior ventricular wall. A large patch was placed, 
but postoperative ventricular function was extremely poor 
and the patient died of progressive heart failure. This 
outcome, in retrospect, was predictable from the ven- 
triculogram, which showed that only about half of the ven- 
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ride functioned. The seond patient did well after resec- 
tior of a large anterior acute aneurysm and repair of a 
large ventricular septal defect. 

Acute Mitral Regurgitation 

Fapillary muscle rupture is estimated to occur in ap- 
proximately 1% of all patients with acute myocardial in- 
faretiom. The pesteromedial papillary muscle is involved 
six to 12 times more frequently than the anteroseptal pap- 
illary muscle. Acuze mitra! regurgitation may be due to 
rupture of the chordae tendineae, less commonly to papil- 
lary muscle rupture in toto, to papillary muscle dysfunc- 
tior, or to a large aneurysm of the posterior part of the 
ventricle. Severe pulmoaary congestion develops rapidly 
as che large high-pressare regurgitant stream is trans- 
mitted to the pulmonary veins without the buffering ef- 
fect of an enlarged left arium. This devastating lesion 
causes rapid deterioratien, and immediate recognition is 
urgent to differentiate this salvageable lesion from ir- 
reparable massive myocardial destruction. 

Prognosis.-Seveaty percent of such patients are re- 
ported to die within 24 hours after the murmur appears 
anë 90% within two weeks. These patients will have the 
poorest overall survival »ecause of their extensive disease 
anë overwhelming early failure. In the Massachusetts 
General Hospital experence of a small group who re- 
quized operation for acate mitral insufficiency after in- 
faretion. less than 50% survived, whereas some 15 of 18 pa- 
tierts who underwent mitral valve replacement three to 
seven months after infarction were alive and well.” 

Surgical Approaeh.—Valve replacement should be performed and 
obstructed ceronary arteries bypassed as an emergency proce- 
dure. If the left ventricular myocardium is infarcted or has an 
aneurysm, this should be reseczed. The transventricular approach 
to the mitral valve tarougk either the anterior or posterior ven- 
tricular surface affords excellent visualization of the valve. If the 
ventricle does not need resection, the mitral valve is exposed 
through the left atrium a ter developing the right interatrial 
groeve. Our choice is valve replacement since plastic reconstruc- 
tive procedures on the valve and chordae, particularly in the acute 
situation, are rarely feasibe. 

Clinical Experience.—S=x patients have been operated on 
witain six weeks of their acute myocardial infarction. 
There were five man and one woman ranging from 43 to 
68 wears of age: Five required IABP, four both pre- and 
possoperatively. and one postoperatively only. 

One of the patients could never resume effective cardiac 
output even with IABF postoperatively. All the others 
were able to be weaned ‘rom IABP, though three died of 
other complications. One-died at five days of cerebral dam- 
age one of sudden, unexpected respiratory arrest 13 days 
possoperatively;and oneat two months of combined renal 
and liver failure. Two remain alive and well. 
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Discussion 
GrorGE C. Kaiser, MD, St. Louis: Dr. Webb has presented the 


predominant indications for IABP, particularly in those patients — 


with mechanical defects associated with myocardial infarction. 
He has properly emphasized the important point that this is an as- 
sist device, and some operative procedure needs to be done in or- 
der to have increased survival of these patients. 

Our own experience in less than a year with 17 patients using 
the intra-aortic balloon supports this view. In six patients in 
whom the balloon was used without operative intervention, there 
has been only one survivor. This survival rate was more than 
doubled in the next 11 patients in whom operative intervention 
was also used. 

During this period we have been impressed with the minimal 
complications associated with the procedure and the fact that fail- 
ures are not technical but are generally associated with poor ven- 
tricular output, either due to poor muscle or the fact that we have 
employed this too late in the course of the patient’s illness. From 
our recent experience we have begun to use it more frequently 
and earlier, resulting in increased survival in the last few months. 
The message to us is pretty clear under these circumstances: use 
the pump more frequently and use it earlier. 


If we need any further testimony to substantiate the effec- — 


tiveness of this device, it could very well come from our house 
staff who have been so impressed with its effective use that they 
have nicknamed it “Lazarus.” 

I would like to ask Dr. Webb two questions: Have you noted any 
significant local complications from insertion and removal of the 
balloon? How do you manage anticoagulation with the balloon in 
place for a long period, both preoperatively and postoperatively’ 

Dr. Wess: I would like to thank Dr. Kaiser very much for his 


remarks and contribution to this field. It is truly important to em- — 


phasize that the IABP is only an assist device. It does increase 
cardiac output, and thereby has been of great value; but it cannot 
pump anything that the left ventricle does not pump to it; and so, 
unless there is a functioning heart, it has only limited use. Ob- 
viously, in such situations as ventricular fibrillation, it has no use 
at all. 

We agree that in most situations the use of this device has been 
too late. In our very early experience using a different form of 
counterpulsation, the SIMAS machine, we had ten deaths out of 
ten patients primarily because they called us to see the patients 
just before they called the pathologist. In recent years, fortu- 
nately, it has been much better because we have a much better 
machine now that is associated with very few complications. 

The complications we have seen with introduction of the cathe- 
ter have been very few. We use full heparinization and continue it 
during the preoperative period, catheterization, and the operative 
period. Postoperatively, we use limited neutralization of the hepa- 
rin and try to keep the patients at least at a low level of heparini- 
zation throughout the time they are on the intra-aortic balloon. 

We also are very careful that, at the time of removal of the 
catheter, we use the Fogarty catheter both antegrade and retro- 
grade. Formerly, when we were not using full doses of heparin as 
we are now, we saw a number of thrombotic complications. Most 
of the time we find a little bit of clot has formed where the pros- 
thetic graft is anastomosed to the femoral artery. It rarely occurs 
at any other point. 
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Operative Cholangiography 


in a Rural Surgical Practice 


Clifford A. Wiethoff, MD; Richard A. Wiethoff, MD; John L. Glover, MD 


Operative cholangiography was routinely performed during 826 
cholecystectomies carried out by one physician in a private surgical 
practice in rural Indiana between January 1962 and January 1973. 
The technique of cholangiography, which involves two injections 
into the gallbladder neck, avoids cystic duct cannulation and adds no 
more than five minutes to the operating time. 

Statistical data were derived from the records of 547 patients ob- 
served from one to ten years. Choledochotomy was done in 127 
(23%) of these patients, yielding stones in 103 (80%) and other le- 
sions in 19 (16%). Explorations based on abnormal roentgen- 
ographic findings yielded no stones in five patients (4% of explora- 
tions and 0.9% of roentgenograms), and stones were found in the 


_ ducts of two patients in spite of normal roentgenograms (2% and 


0.4%). 

Totally unsuspected stones were found in nine patients (represent- 
ing 7% of the duct explorations). These data are similar to those re- 
ported by others. The new technique of cholangiography via the gall- 
bladder neck is highly recommended. 


pv the past 15 years, numerous articles have been 
written on the merits of routine intraoperative chol- 
angiography.: These articles have generally supported 
the basic contention that an operative cholangiogram 
should be an integral part of virtually every cholecystec- 
tomy in order to detect unsuspected common duct stones 
and to reduce the number of residual or overlooked stones. 

The most frequently reported method of obtaining the 
cholangiogram has been direct cannulation of the cystic 
duct by a small catheter. Although various authors claim 
an increase in operating time of only five to ten minutes, 
those practicing in community hospitals have generally 
experienced an increase of about half an hour, especially 
when initiating the procedure. 

We feel that the increased operating time and the frus- 
trations generally encountered with cystic duct cannula- 
tion are the primary reasons that a number of busy prac- 
ticing surgeons have not begun to employ this procedure 
routinely. Furthermore, the bulk of statistical information 
that supports the merits of the procedure has been gath- 
ered in medical centers where a number of factors, includ- 
ing operations by resident staff, have biased the results. 

Consequently, we wish to describe a technique of oper- 
ative cholangiography devised by the senior author 
(C.A.W.) that avoids cystic duct cannulation, adds no more 
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than five minutes to the operating time, and requires no 
orientation of roentgenographic and nursing personnel. 
Furthermore, we will report on the results obtained using 
this technique in over 800 cases in two small community 
hospitals in rural Indiana during the past 11 years. 


Technique 


The patient is placed on the operating table in the supine posi- 
tion with a sandbag beneath the left side of his chest to displace 
the distal common duct from its position overlying the spine. A 
scout x-ray film is taken before skin preparation. A right subcos- 
tal incision is generally used, and dissection is begun in the area 
of the cystic duct. The distal gallbladder and cystic duct are pal- 
pated for the presence of stones, and any that are present are 
milked back toward the fundus of the gallbladder. The right angle 
clamp is then placed across the neck of the gallbladder with its 
concavity outward and closed behind the cystic duct (Fig 1). If the 
clamp has been placed properly, it will prevent any of the injected 
dye from passing into the fundus of the gallbladder. 

The first injection is made into the neck of the gallbladder (the 
Hartmann Pouch) using 5 ml of full-strength diatrizoate (Hy- 
paque 50) sodium. The needle is removed and an unmarked sponge 
is placed over the site of injection to absorb any dye that may 
have leaked from the puncture site. All metal retractors and 
marked sponges are then removed from the field, the wound cov- 
ered with a sterile towel, and the first x-ray film taken. 

As soon as the x-ray film has been taken, the cassette is 
changed and a second injection is made into the neck of the gall- 
bladder using 10 ml of full-strength dye. Again, an unmarked 
sponge is placed over the site of the needle puncture, and a second 
x-ray film is taken. The gallbladder is removed in the usual fash- 
ion while the x-ray films are being developed. Typical examples 
are shown in Fig 2 and 3. If an injection into the pouch is not pos- 
sible due to impacted calculus or inflammatory change, the au- 
thors use needle cholangiography via the common bile duct. 


Fig 1.—Technique of operative cholangiography described in text. 
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Fig 2.—Operative cholangiogram showing normal duct with no 
stones. lamps are visible ut do not obstruct vision. 


Results 

From Jan 1, 1962, to Jan 1, 1978, 826 cholecystectomies 
with operative cholangiogram were performed at the 
Jacksen County Schneck Memorial Hospital in Seymour, 
Ind, and the Washington County Hospital in Salem, Ind. 

In order to evaluate the results, a questionnaire was 
sent to each of the patients, along with a letter of expla- 
nation and a stamped, @lf-addressed envelope for easy re- 
turn of the questionnaire. Of the 826 questionnaires sent, 
547 were completed by the patient and returned. Thirty- 
six were returned stating that the patient had died since 
the operation, and 88 were returned due to change of ad- 
dress. Therefore, 78% o: the patients who received a ques- 
tionnaire responded (547 cf 702), and statistical data were 
collected from this group. 

Of the 547 patients studied, common duct explorations 
were performed in 127 (23%). Of these explorations, 103 
revealed stones, for a rate of 80% and an additional 19 
(16%) had the following lesions: two carcinomas (one pan- 
creatie and one hepatoma), six inflammatory stenoses of 
the distal eommon duct. and 11 ducts with significant dila- 
tion but free passage o7 dye into the duodenum. If one ac- 
cepts a dilated duct as a significant finding, there were 
96% positive findings. 

There were five cases in which the cholangiogram re- 
ported stanes that were not found on exploration, thus 
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Fig 3.—Operative cholangiogram showing stones in distal com- 
mon bile duct. 


giving a false-positive rate of 0.9% (five of 547 roentgen- 
ograms). In two cases, the operative cholangiogram was 
read as normal; but duct exploration was done due to com- 
pelling clinical evidence. Stones were found in both cases, 
giving an incidence of false-negatives of 0.4% (two of 547 
roentgenograms). 


Comment 


We cannot deny that common duct explorations could 
have been done on the basis of clinical criteria (dilated 
cystic duct, dilated common duct, history or presence of 
jaundice, elevated alkaline phosphatase level) in most of 
the patients. In nine instances (7% of explorations and 
1.6% of all patients), however, choledochotomy revealed 
stones that would have been missed because of the ab- 
sence of all indications, even in retrospect. 

One can use data such as ours to argue that operative 
cholangiography does not benefit a statistically signifi- 
cant number of patients, since the number of false-posi- 
tives and false-negatives (seven patients total) is about 
the same as the number of cases of unsuspected stones 
(nine). Furthermore, there obviously could have been more 
false-negatives since all ducts were not explored. Our 
point, however, is not to debate the figures but to describe 
a method of cholangiography easily adapted to private 
practice and to relate data gathered from such a practice 
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in a rural area. 

All operations were done by one experienced surgeon, 
and the vast majority of the patients were healthy except 
for gallbladder disease. Nevertheless, common duct explo- 
rations were performed in 23% of patients, and totally un- 
suspected stones were found in at least nine patients, rep- 
resenting 7% of the choledochotomies. Although we have 
no way to determine whether these patients actually 
would have required a second operation, this finding and 
the absence of mortality and morbidity from unnecessary 
exploration makes us feel that cholangiography is a 
worthwhile adjunct to cholecystectomy. We hope that oth- 


ers will try the technique described. 
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Discussion 


Davip L. NAHRWOLD, MD, Hershey, Pa: The authors are to be 
commended for pointing out in dramatic fashion that in over 800 
patients operative cholangiography can be carried out in a very 
satisfactory manner in a small rural community hospital. In one 
respect the results they present are consistent with those of other 
series; namely, that in cases where there are no clinical indications 
for exploration of the common duct the number of false-positive 
cholangiograms is approximately cancelled out or about equal to 
the number of cases where unsuspected stones are detected by the 
procedure. 

The authors did not point out what others have shown very dra- 
matically, that large numbers of patients who would ordinarily 
have common duct exploration based on clinical grounds alone are 
spared common duct exploration by operative cholangiography. 

The technique is particularly intriguing because it would seem 
to avoid several of the problems involved in cystic duct cannula- 
tion: the impossibility of cannulating a cystic duct in a few pa- 
tients where the cystic duct is extraordinarily small and the prob- 
lem of creating false passages from the cystic duct down into the 
common duct in persistent attempts to cannulate a small cystic 
duct. 

In addition, it would seem likely that the introduction of air 
bubbles into the common duct would be less of a problem using the 
authors’ technique than it might be in a system involving cannula- 
tion of the cystic duct where there is a segment of tubing in- 
volved, frequently a two-way stopcock, several syringe changes, 
and so on. 

I would like to ask the authors one question relating to the tech- 
nique. Do you have any data on how many times it was not pos- 
sible to obtain satisfactory cannulation of the Hartmann pouch 
with the needle? In other words, how often was it technically im- 
possible to do a cholangiogram using this particular technique? 

JEROME J. DECosse, MD, Milwaukee: Dr. Wiethoff is to be com- 
mended for advocating the routine use of operative cholangi- 
ography in our smaller hospitals and for restating that the 
simplicity and speed of the procedure is evident when cholangio- 
graphy is done frequently. The key statement is that in nine in- 
stances or 7% of his explorations choledochotomy revealed stones 
that would have been missed in the absence of indications for 
common duct exploration, and that alone makes the paper worth- 
while. 

I may have some differences of opinion about injection of dye 
into the Hartmann pouch. We can recall the cholecystectomies we 
have done and recognize the difficulty in palpating stones in the 
gallbladder or cystic duct, and the frequency with which one iden- 
tifies small stones when the cystic duct is open to perform chol- 
angiography. It is also noteworthy that the frequency of duct ex- 
ploration in his series is about the same, 20%, as one finds without 
the use of cholangiography, and that the frequency of finding 
stones is almost twice as high as one oridinarily finds in a larger 
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series of routine cholecystectomies. 

In closing I might ask a question. There were several instances 
when he explored the duct despite normal cholangiography. It 
would be interesting to know what his indications were for explo- 
ration. 

Dr. GLOVER: I would like to thank the discussants for their com- 
ments. 

We do not have a specific number of instances in which the tech- 
nique was unsuccessful. It was a very small number, less than 
10%, similar to the percentage or a little less than the percentage 
reported by cholangiography by gallbladder injection in Dr. Gold- 
man’s series. Dr. DeCosse, I believe there were only two patients 
in whom exploration was done in spite of a normal cholangiogram, 
and they had strong clinical indications. I believe one of them had 
a palpable stone. 

The 547 patients mentioned were those for whom follow-up data 
were available and those who were questioned just prior to report- 
ing this information. 

By now, of course, there is a considerable body of information 
on the subject of cholangiography, and very little of it is unfavor- 
able. In fact there are, as the discussants pointed out, striking 
similarities in the figures for most of the larger series; and there 
is uniform agreement that a large number of patients are spared 
choledochotomy and that a small but definite number of unsus- 
pected stones and other lesions are recovered. 

In practice, however, cholangiography is still utilized far less 
than routinely. In fact, editorials disparaging this routine advo- 
cacy are still appearing in surgical journals. One of the arguments 
is a philosophic one: that nothing should be routine for all individ- 
uals. And while everyone can accept this premise, it certainly does 
not militate against using cholangiography in most cases. 

A second argument decries the dangers of pancreatitis. This 
phenomenon, though certainly more common after exploration 
than after any roentgenograms, is more likely, I think, after 
choledochotomy than after cholangiography, and seems to be ex- 
ceedingly rare unless the operator has made deliberate attempts 
to force reflux into the pancreatic duct. 

Finally, although there are, as yet, little data refuting the thesis 
that most patients with these unsuspected stones will pass them 
without operations, there is some information accumulating to 
that effect. Nonetheless, I think there is really little doubt that pa- 
tients are better served if their surgeons make all reasonable ef- 
forts to assure that initial operative procedures are definitive 
ones. 

I think it is significant that the idea and the data for this study 
originated with one surgeon in private practice in a small town in 
southern Indiana. He has made two significant contributions, one 
being this information and the other his son, the resident who 
presented the paper. 
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BETADINE Surgical Scrub was chosen by 
NASA for decontamination procedures in 
Apollo 11/12/14 splashdowns. Another 
BETADINE microbicide was chosen by NASA 
for disinfection of certain equipment in the 
Skylab and for contingencies. 


In clinical practice, BETADINE Surgical Scrub 
is an unsurpassed, microbicidal, liquid 
cleanser for preoperative scrubbing by the 
surgical team, and for general skin 
degerming. 


= Microbicidal, not merely bacteriostatic. 
= Broad-spectrum microbicidal action—kills 
both gram-positive and gram-negative 
bacteria (including antibiotic-resistant 
strains), fungi, viruses, protozoaand yeasts. 
æ Microbicidal effect is achieved with 
each usage without waiting for a 
cumulative build-up. 
m Rich golden lather is virtually 
nonitritating and nonstaining 
to skin and natural fabrics. 
(In the rare instance of local 
irritation or sensitivity, 
discontinue use in the 
individual.) 


Purdue Frederick 


©COPYRIGHT 1974, THE PURDUE FREDERICK COMPANY 
NORWALK, CONN. 06056 A7426 142274 





eS yti BD wk TTT Mae 
.wermmlo a4 © nsen r 
ras POEA Vee a Eu AA 
Ys sate y \“kew ete se, 6 





Sou en 


ee eee | 


= 
` 
Eo a oat EP EV VOSS VO 
ys a wT seh 








ry pag Poy itt 





Tre Ree We. re 
our o 






Introducing ‘ 
a conservative step When aspirin therapy alone is not i . 


rt. = m sufficient, consider new Ascriptin 

in acute arthritic flare-up with Codeine Tablets. The codeine 
relieves more severe bouts of 
pain. Yet joint stiffness and inflam- 
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potent anti-inflammatories or 
corticosteroids. 

And Ascriptin, remember, is 

Maalox®-protected aspirin. That 
means less chance of aspirin- 
induced gastric distress...even 
with high doses. 
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relief of pain of all degrees of severity 
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Carcinoembryonic Antigen 


in the Diagnosis and Management 


of Colorectal Carcinoma 


Current Status 


Alan S., Livingstone, MD; Lawrence G. Hampson, MD; 
Joseph Shuster, MD; Phil Gold, MD; E. John Hinchey, MD 


Carcinoembryonic antigen *CEA) titers were determined in 137 pa- 
tients with preven colorectal carcinoma preoperatively, and at rou- 
tine intervals following operation. Preoperatively 65% of all patients 
had a positive test. The assay was positive in 14% with Dukes stage 
A tumors, 54% with B, 60% with C, and 79% with stage D lesions. 
Regional differences were nored with right-sided colon lesions hav- 
ing circulating CEA less frequently than left-sided colon tumors. The 
titer of CEA did not correlate directly either with the size or stage of 
the tumor, although marked elevations usually indicated metastatic 
disease. Im patients with curative resections, CEA levels usually re- 
verted to negative postoperatively, but became elevated again with 
recurrence of disease. Titers mained elevated in patients with D le- 
sions who uncerwent 2alliative resection. 


dd and Freedman'* in 1965 identified an antigen 
common to malignant neoplasms arising from the 
epithelium of the human digestive tract and its endoder- 
mal derivatives. An identical antigen was shown to be 
present in fetal gut duming the first two trimesters of 
pregnaney, and therefore this glycoprotein was called the 
carcinoembryonic antigea (CEA). Since this original de- 
scription, a great ceal o: investigation has been carried 
out to determine the value of this entity in the clinical 
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diagnosis of carcinoma of the gastrointestinal tract and 
its associated organs. 

In 1969 Thomson et al’ developed a radioimmunoassay, 
based on the Farr technique, that allowed the determina- 
tion of blood levels of circulating CEA. The usefulness and 
accuracy of this test has been controversial. Although 
false-positive tests have been reported, an even greater 
danger would exist if the clinician placed too much empha- 
sis on a test with a high incidence of false-negative re- 
sults. The present study was undertaken to assess the 
value of the CEA test in the diagnosis of colorectal carci- 
noma and in the postoperative management of patients 
with this disease. 


Materials and Methods 


In the last three years we have attempted to evaluate prospec- 
tively those patients admitted to the Montreal General Hospital 
for suspected or proven colorectal carcinoma. One hundred thirty- 
seven patients have been studied; all have had histopathologically 
proven adenocarcinoma of the large bowel. Pathologic reports and 
operative notes were used to stage the tumors according to the 
modified Dukes classification. In addition to the routine complete 
preoperative clinical evaluation, CEA testing was performed 
using the Farr technique.’ Recently, the more rapid zirconyl gel* 
radioimmunoassay has also been used. With either method, the 
test was considered positive if the CEA concentrations in each of 
the duplicate samples were 2.5 mg/ml or greater. The CEA blood 
levels were remeasured at three and seven days postoperatively 
and at regular intervals thereafter. 

All the results to be considered were independent of an inter- 
national cooperative study, and do not include any of those pa- 
tients reported initially by Thomson et al.’ 
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Results 


Tae Diagnostic Value of the CEA Test.—The incidence of 
detectable circulating CEA in relation to the stage of the 
disease is shown in Tabb 1. Sixty-five percent of the 137 
patients:studied were CEA-positive. One of the seven pa- 
tients with carcinoma confined to the mucosa of the bowel 
(stawe A) had deteetakle CEA. Positive results were 
recorded in 54% of stage B tumors, and the presence of in- 
volved lymph nodes (stage C) increased the CEA positiv- 
ity to 60%. Of those patients with metastatic disease 
(stawe D), almost four fi*ths had circulating CEA. Of the 
group of patients poten -ialy curable by surgery (stages 
A, B, and Q, 53% had pesizive CEA assays. 

Age and sex did not appear to have any direct affect on 
CEA titer. No absolute cerrelation was found between the 
sizeand stage of the mal grant neoplasm and the levels of 
cirealating CEA. However, CEA levels greater than 15 
ng/ml were often assockted with the presence of meta- 
static tumor. 

In the present study, “here were interesting variations 
in tae incidence of CEA positivity, depending on the site 
of the tumor in the large bowel (Table 2). Neoplasms of 
the cecum had the lowest overall incidence of detectable 
CEa at 36%, and potentially curable (stages A, B, and C) 
cecal lesions were positive only 28% of the time. In con- 
trast, 72% of all sigmoic malignant neoplasms had posi- 
tiveCEA titers, and 68% of potentially curable sigmoid tu- 
mors were positive. Resectable rectal lesions produced 
circulating CEA only 35% of the time, but 90% of meta- 
static rectal tumors were seropositive. When the neo- 
plasms were grouped in<o right colon (cecum, ascending 
colon, and hepatic flexure) and left colon lesions (splenic 
flexare, descending color, and sigmoid), the left colon tu- 
mors appeared to have æ higher percentage of detectable 
CEA than the right colom cancers for all stages of disease. 

Prognestic and Pestope-ative Value of CEA Testing.—Fig- 
ures 1 and 2 are graphic demonstrations of the changes in 
CEA titers in the first week or two postoperatively in rela- 
tiom to the stage of the disease. There was essentially no 
change in titers in those patients with metastatic disease 
even after palliative removal of the main tumor mass, but 
CEA levels almost always reverted to negative shortly af- 
ter curative resections. 

_ Kesections for Cure.—The potentially curable patients 
(stagwes A, B, and C) can de analyzed in several subgroups 
(Table 3). 

Taere were 27 patients who had circulating CEA preop- 
eratively and negative titers after resection for cure. In 
addition, there were 26 patients who had negative CEA ti- 
ters both pre- and postoperatively. All 58 of these patients 
have been studied for a period of up to three years and re- 
main clinically well with no evidence of recurrence, and 
with negative CEA assays. | 

Taere is another groupof six patients who were positive 
for CEA preoperatively and remained positive after sur- 
gery. Two.o= these patients manifested metastases within 
one year of their operations. The other four had either B 
or C lesions with local extension. These four have now 
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been observed for less than one year and, although clini- 
cally well, it is possible that they may have residual tumor. 
It should be noted that in these six patients the postopera- 
tive CEA level fell to about 50% of the preoperative level 
and that this decrease did not occur after palliative resec- 
tion of stage D lesions (Fig 3, patient 1). 

Another example of the value of sequential CEA mea- 
surement was seen in a patient who had a positive CEA ti- 
ter before her operation. She became seronegative in the 
immediate postoperative period and was doing well clini- 
cally when at eight months she again developed circulat- 
ing CEA. A full laboratory and roentgenographic exami- 
nation revealed no definite evidence of recurrence. A 
diagnostic celiotomy was performed and revealed diffuse 
intraperitoneal tumor seeding (Fig 3, patient 2). 

Two other patients had negative CEA titers both pre- 
and postoperatively. They subsequently developed posi- 
tive titers at the time of clinical recurrence of neoplasm 
(Fig 3, patient 3). 

The final group for consideration consists of seven pa- 
tients, five stage C, and two stage B, who developed posi- 
tive titers during the postoperative period. They did not 
have CEA assays done preoperatively. They were all clini- 
cally well following tumor resection. Their CEAs were 
eventually measured, either as part of our study or be- 
cause of the suspicion of recurrence. Investigations even- 


tually confirmed recurrence in each of these patients. One 


of these patients had survived for six years postopera- 
tively with the CEA determinations being negative. She 
then developed a positive titer and, shortly following this, 
widely metastatic carcinoma became evident. 

Metastatic Lesions.—In stage D tumors, 79% of 61 pa- 
tients were positive for carcinoembryonic antigen at the 
time of diagnosis. Of the 13 patients who were negative, 
five later became positive for circulating CEA, but eight 
patients remained negative even to the time of death. The 
seropositivity or negativity for CEA could not be corre- 
lated with age, sex, degree of tumor differentiation, or 
whether the patients were receiving chemotherapy. In 
some of these patients with no circulating CEA, the anti- 
gen could still be assayed in quite high titers in the tumor 
mass itself post mortem. This suggests that at least some 
of the negative CEA tests are due to the inability of the 
neoplasm to release the CEA into the circulation. Eigh- 
teen patients with metastatic disease had palliative resec- 
tion of the primary tumor with virtually no alteration of 
the CEA titer. There was a tendency for stage D patients 
to show a progressive elevation in CEA levels often to 
greater than 20 ng/ml as the tumor mass increased. Occa- 
sionally, shortly before death, there was a paradoxical de- 
crease in titer, although none of the patients reverted to 
negative even when placed on chemotherapy (Fig 4). 


Comment 


Since the development in 1969 of a radioimmunoassay 
for the detection of circulating CEA there have been nu- 
merous, sometimes conflicting, reports regarding the use- 
fulness and specificity of this test. Several authors have 
placed much emphasis on “false-positive” results in some 
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Table 1.—Incidence of Detectable CEA in 
Large Bowel Carcinoma 









Dukes Stage No. of Patients Patients Positive, % 


A 7 14 
65 
6 53 


Total 137 
A+B+C* 7 





* Potentially surgically curable. 





Table 2.— Percent of CEA Positivity at Different Sites 
in the Large Bowel* 








Dukes Right Left 
Stage Cecum Sigmoid Rectum Colon Colon 
All 36 (28) 72(47) 58(24) 14=51(41) 73 (59) 
A+B+C 28(18) 68(22) 35(14) 40(25) 66(29) 


D 50 (10) 76(25) 90 (10) 


* Numbers in brackets represent tota! number of patients in each 
group. 


69 (16) 80 (30) 





Table 3.—Sequential CEA Titers in 
Potentially Curable Patients 


Preoperative Postoperative No. of 
Titers Titers Patients 


Positive Negative 27 


Negative Negative 26 


Positive Positive 6 


Negative, 1 
then 
positive 
Negative, 
then 
positive 
Positive 7 


Positive 


Negative 


Not done 





patients with nondigestive system cancers, inflammatory 
bowel disease, pancreatitis, liver disease, heavy smoking, 
and several other pathologic states.*'* Indeed, it has not 
yet been determined whether these patients have circulat- 
ing CEA or “CEA-like” substances. In any event it is clear 
that, whereas the CEA test in its present form may not be 
specific as originally hoped for, the vast proportion of pa- 
tients with positive titers will be found to have significant 
clinical disease, either at the time of assay or on future ex- 
amination. Our data reaffirm the hope offered by other 
studies:*-'* that CEA determinations will prove to be a 
clinically useful noninvasive test in the diagnosis and 
management of colorectal carcinoma. 

The extremely high incidence of CEA positivity’ ini- 
tially reported was probably due to the large number of 
patients studied with metastatic disease, and more recent 
series show a somewhat lower incidence.*:**"* There is a 
marked variation in detectable CEA according to stage, 
and a clinician interpreting a low or negative preopera- 
tive titer must use the test as an adjunct to the estab- 
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lished diagnostic measurements, being aware that a local- 
ized tumor cannot be excluded on this basis alone. 
Alternatively, a grossly elevated preoperative CEA level 
is suggestive of metastatic disease. 

The apparent regional variations that we have shown 
must be documented further, as the Joint National Study* 
did not find a distinct variation in CEA positivity as re- 
lated to the location of the tumor in the large bowel. If 
subsequent trials confirm our findings, the clinical implica- 
tions are important, for cecal malignant neoplasms, which 
are often difficult to detect clinically and roentgen- 
ographically, have a high incidence of false-negatives for 
CEA determinations. However, a patient with cecal carci- 
noma can be CEA-positive in the face of a negative or 
equivocal barium enema, and the two tests used in concert 
should increase diagnostic accuracy in this area." The rea- 
son why there might be differences in CEA positivity for 
right colon, left colon, and rectal lesions is not known. One 
might speculate that it could be related to the different 
embryologic origins of these three regions of the bowel. 
Alternatively it might be correlated with the morphologic 
characteristics of the tumor with the bulky, exophytic 
right colon lesions shedding their CEA into the bowel lu- 
men, and the annular, more infiltrating left colon lesions 
releasing their antigen into the circulation. The differing 
venous drainage of the three regions of the bowel and the 
“streaming” of blood in the portal vein might also be of 
importance. 

The greatest value of CEA testing would seem to be in 
assessing prognosis and in the early detection of recurrent 
disease. In 1969, it was first reported that the CEA would 
revert to negative following complete tumor resection.* 
We have again confirmed that the titer becomes negative _ 
in the immediate postoperative period when the resection 
is curative. If the CEA titer remains elevated after sur- 
gery, or if the titer becomes positive again after initial re- 
version to negative, this is highly suggestive of persistent 
or recurrent disease. We have not had any patients where 
the CEA titer has reverted to negative after palliative re- 
section of stage D lesions. Frequent, sequential postopera- 
tive CEA evaluations in stage B and C patients may allow 
us to detect recurrent carcinoma in the asymptomatic pa- 
tient. If the recurrence is localized or if there is a smal! 
enough tumor load, this could lead to suecessful surgery, 
early chemotherapy, and/or immunotherapy. Positive 
CEA titers can aid in differentiating suture line recur- 
rences from granulomatous reactions,’ and might help in 
distinguishing postoperative bowel obstructions due to 
malignant recurrence from those caused by adhesions. 

As pointed out by Zamcheck et al, immunochemical 
diagnostic tests such as the CEA assay should provide a 
major aid to cancer diagnosis. Whether they will do so 
early enough to improve the therapeutic results remains 
to be determined by clinical trials. 
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Discussion 


Cuaupe R.Hiresceck, MD, Minneapolis: Twenty-two years ago, 
when I was civen the assignment to direct a cancer detection re- 
search center at the University of Minnesota, a position I had for 
a span of years, I had high hopes and soaring expectations of 
what we would be achieving by 1970 in terms of cancer detection, 
caneer diagnosis, and cancer therapy. 

I just nished reviewing the current release by the America 
Caneer Socie:y of the latest update of five-year survival figures 
and end resu't figures for cancer generally. When you have an op- 
portunity to ead this, I wil not have to remind you that you are 
going to be saddened, as I was. 

Over the years there have been many kinds of tests and thera- 
peutic measures that have come forward. Some have stood the test 
of time, some have not. For example, we all recognize that carci- 
noma of the cervix as a problem is quite different now than it was 
20 or 30 years ago. It is better. no question about it. The survival 
figures are better. Way? It is because we did have a test that was 
good—the Papanicolaa smeer. This is something that has stood the 
test.of time. 

I want you to notice thax in this presentation the authors ini- 
tially stated -hat they were wondering about the applicability of 
this test as a possible screening test for well people. I trust you 
realize from the data that the false-negatives are too high for it to 
be used for this purpose. But that should not deter us from looking 
at the positive aspects of the study, the positive aspects of the 
test. 

The message should come through quite clearly—when you pin 
down your effort (as these authors did) on the group of patients 
who are suspected of having colon cancer, and you then do a pre- 
operative study with CEA, and then you study them sequentially 
postoperatively, you have a good predictive device—in fact, you 
have a directional device. 

For example, I have been working in the program of second 
looks ever since Wangensteen brought it out about 15 years ago, 
and I can assure you that it frequently gets to be a labor of love, 
the very careful search through the abdomen in the patient who 
had positive nodes. If one teams this CEA method up with that, so 
that-you have a patient on whom you are planning to perform ex- 
ploratory surgery, and if that patient does indeed have a persist- 
ently positive CEA amtigen test, you now have far more reason to 
seareh more carefully and more diligently during the course of 
your second-look operation. 

Warp @, Gairren,.R., MD, Lexington, Ky: I suspect the reason I 
was asked to discuss this paper is because Dr. William Meeker and 
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I have undertaken a similar type of study and have found essen- 
tially similar results. We have found that patients who have small 
cancers generally do not have a high titer. Patients who have ad- 
vanced cancer and obviously metastatic disease have high titers 
and continue to have them until their death. 

I would like to ask the authors if they would make some com- 
ment about the disappearance of the antigen in the postoperative 


period in patients who have had curative resections, because some ~ 


authors have made the point that the antigen disappears rather 
promptly, and we have several patients who have taken a number 
of months for the antigen to disappear when we feel we have done 
a curative resection. I note that they have some similar findings. 
Dr. Hitchcock has already touched on the problem that this may 
not be a good screening test for asymptomatic patients. We would 
agree with that. There are a number of other gastrointestinal 
tract lesions that produce positive antigen titers in patients who 


do not have colorectal cancer. I believe the authors are correct in | 


emphasizing the prognostic value of this test. 

Dr. John Minton of Ohio State, who unfortunately had to go to 
Washington at noon and could not present this information, asked 
me to mention a patient who had a high titer at the time of the 
original surgery, and the titer dropped down rather promptly to 
normal levels. In observing the patient, the titer began to rise. 
The patient was totally asymptomatic. At that point an additional 
exploration was undertaken, and the patient did in fact have re- 
current disease in the periaortic area. The patient was then ob- 
served for several months and began to have a rise, consented to 
another operation, and again was found to have metastatic 
disease. 


We have had a similar case of an individual who had a positive — 


titer before operation, then went to a negative titer, and then de- 
veloped a higher titer than in Dr. Minton’s case. He underwent a 
million-dollar workup in an attempt to find where his metastatic 
disease was. Because the workup was entirely negative, we dis- 
cussed the possibility of exploratory surgery with him, ended up 
by performing exploratory surgery and finding positive nodes 
around the celiac axis. 

This brings up the whole dilemma of the problem of patients 
who develop high titers postoperatively, having gone from an ele- 
vated titer to a negative titer. When do we operate on them and 
how far do we go with the diagnostic workup before we decide to 
perform exploratory surgery. 

One additional caution is that now that it is commercially avail- 
able, I think it is well to remember that this is not a final screen- 
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ing test. I am worried about the possibility of patients undergoing 
exploratory surgery for a positive CEA as the only indication of 
disease. That would be a disaster. 

JAMES C. Dry, MD, Richlands, Va: This is a good and signifi- 
cant paper. At the present, I do not believe it will help us clini- 
cally. However, it is another and different approach to our under- 
standing of the fundamental nature of cancer. Our previous 
approaches have helped us in a small way toward solving the same 
problem, but as far as clinical value, they have not helped us for 
clinical application and, for the most part, have ended up in blind 
alleys. 

If continued bits of information, however, are added piece by 
piece, such as in this paper, perhaps these bits or “bricks” may fall 
together and provide a firm foundation on which we can offer 
curative powers. 

I am confused by one part of this paper. Early in the presenta- 
tion the authors present data that show that the percent positive 
is directly related to the extent of the cancer but, at the end, they 
state that they found no correlation of the titer with the size or 
stage of the tumor. 

In 1962 I reported a different approach to the management of 
cancer. Working with the detection of cancer cells in the blood, I 
found that there was a very high incidence of cells in the vein 
from the primary site. I examined the blood for cancer cells preop- 
eratively, during the operation, and then in peripheral blood over 
a period of two to three years, getting a sample at least every one 
to two months. 

I found cells during the first few days and thus confirmed the 
findings of Dr. Cole. In his later work, Dr. Cole showed that there 
was little or no difference in the progress as related to positive or 
negative findings during or immediately after surgery. We 
agreed. 

To summarize our work: 

1. Among patients who had complete absence of cancer cells, 
none developed clinical cancer. 

2, Whether patients did or did not show cancer cells during or 
after the operation was not related to the progress of the disease. 

8, Patients whose blood became positive or continued to show 


-cells developed metastasis. In several patients we detected posi- 
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tive cells for as long as two years before there was clinical evi- 
dence of cancer. 

During the period of our studies there was a great deal of work 
on cancercidal chemicals. I hoped that we could use these, partic- 
ularly in patients who reverted from negative to positive. None of 
the chemicals was found to be of value and just made the patient 
sicker. Because of the above findings, I discontinued the study. 

DR. LIVINGSTONE: I would like to thank Drs. Drye, Griffen, and 
Hitchcock for their comments. 

I agree wholeheartedly with Dr. Griffen that we should never 
use a positive preoperative CEA alone as an indication for sur- 
gery. It is only an adjunct in diagnosis, as has been emphasized. 
His was certainly an interesting case. We have one woman who is 
very close to it, although when we reoperated on her in spite of 
negative clinical data, we were unable to do a curative resection. 
She had liver and peritoneal metastases. 

As to why there may be a delay in the reversal of a positive 
CEA titer to a negative titer postoperatively, it is difficult to say. 
We have had one woman who had evidence of suture line break- 
down and fistula formation, and as long as she had the draining 
fistula she remained positive. When the fistula closed, the CEA as- 
say reverted to negative. Another possibility (and this is purely 
speculation) is that when you have a stage C lesion at resection 
you may leave behind a small amount of tumor. The stage C tumor 
has been able to grow to this size because the body’s immune de- 
fenses have not been able to handle it. After surgery, the immune 
surveillance system may be capable of destroying the small 
amount of residual tumor. This takes a certain amount of time, 
and perhaps this might explain why there was a delay in reversal 
of titer. 

The point about using CEA assays in conjunction with other 
clinical evidence for a second-look operation is something we are 
very interested in. We are now embarking on a protocol to find out 
if indeed we should immediately treat those patients with stage B 
and stage C lesions who remain positive postoperatively. Our tu- 
mor immunologists are using both immunotherapy and chemo- 
therapy in some of these people, even though they have no clinical 
evidence of disease. We are hoping that this will increase the 
survival. 
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Central Venous Pressure and 


Pulmonary Wedge Pressure 


in Critical Surgical Illness 


A Comparison 


G. P. MacLaren Teussaint, MD; John H. Burgess, MD; Lawrence G. Hampson, MD 


Toassess the reliability of the central venous pressure (CVP) as an 
adequate guide to cardiac performance, we inserted a balloon-tipped 
pulmonary artery catheter (Swan-Ganz 7F, 110 cm) in 27 critically ill 
surgical >atierts, amd simultaneously measured CVP and pulmonary 
wedge pressure (PWP). Thirtsen patients with a previous history of 
cardiopu monary diseese shcwed a poor correlation between CVP 
and PWF {P > .50). Fourteen patients with no prior history of cardio- 
pulmonary disease showed a significant correlation between CVP 
and PWF P < 01). Dur findings suggest that the CVP provides a re- 
liable assessment of cardiac “unction only in the absence of cardio- 
pulmonary disease. Left ventricular failure and pulmonary conges- 
tion may be present ir these patients even though CVP is normal. 


entral venous >ressure (CVP) monitoring is wide- 


ly used in the clinical assessment of cardiac per- 


formance and asa guide to fiuid therapy in the manage- 
ment of critically il. patients. The CVP reflects right ven- 
cricular funetion and systemic venous compliance, but 
may noz always be an index of left ventricular function." 
The CVP will no“ rise until right ventricular end diastolic 
oressure is increased, so that left ventricular failure and 
sulmenary congestion may be present when the CVP is 
normal. Some reports have shown that patients with ful- 
minant pulmonary edeme rcentgenographically may have 
a normal CVP and, conversely, that patients with very 
aigh CV Ps may have no evidence of pulmonary edema.’’ 
The introduction of the dalloon-tipped pulmonary ar- 
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tery catheter has made bedside estimation of left ventric- 
ular filling pressure as recorded by the pulmonary wedge 
pressure (PWP) possible.‘ Fitzpatrick et al have shown 
that the PWP is equivalent to the left atrial pressure, 
which reflects pulmonary venous pressure. The latter is 
the main determinant of pulmonary congestion.’ The pur- 
pose of this study was to assess the relation between the 
CVP and PWP in critically ill patients with and without 
preexisting cardiac and respiratory disease. 


Materials and Methods 


As part of a continuing assessment of hypoxemia in the postop- 
erative surgical patient, we have studied 27 patients with moder- 
ately severe arterial hypoxemia admitted to the Surgical Inten- 
sive Care Unit within 48 hours following admission. Simultaneous 
measurements of CVP and PWP were made with pressure trans- 
ducers and were recorded in millimeters of mercury by means of a 
double-channel direct writing recorder. The CVP was measured 
via a polyethylene catheter (PE 100, 110 cm) in the superior vena 
cava or right atrium or via the CVP outlet in a triple lumen pul- 
monary artery balloon-tipped catheter, situated 30 cm from the 
tip of the pulmonary artery catheter. Pulmonary wedge pressure 
measurements were made with either a double lumen or a triple 
lumen pulmonary artery catheter (Swan-Ganz 5F or 7F, 110 cm) 
introduced through the basilic vein using a cutdown technique. 
The position of the catheter tip was established by continuous 
monitoring of the pressure tracing as the catheter passed through 
the right ventricle into the pulmonary artery.’ We used a zero ref- 
erence level 5 cm below the sternal angle. The transducers were 
calibrated repeatedly by incorporating a mercury manometer 
within the flush system and applying measured increments of 
pressure through the flush bottle to both transducers simultane- 
ously. Chest roentgenograms were obtained in all patients after 
insertion of the catheters. The patients ranged in age from 18 to 
86 years. Nine patients were multiple trauma victims, and 18 were 
studied following major abdominal surgery. None were in shock at 
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Patient Age, 
No. yr 


Cardiorespiratory 
Diagnosis 
Right bundle branch block; 
S-T segment abnormalities, 


Atrial fibrillation, 


mitral stenosis 2 36 F 
Ischemic disease, 

ischemic S-T segment abnormalities 3 51 M 
Chronic congestive heart failure, 

atrial fibrillation 4 75 M 
S-T segment abnormalities 5 74 M 
Cardiomegaly (? cardiomyopathy), 

atrial fibrillation 6 65 M 
Ischemic S-T segment 

abnormalities 7 86 M 
Nonspecific S-T segment 

abnormalities 8 43 F 
Old inferior wall infarct, 

mitral stenosis 9 69 M 
S-T segment abnormalities, 

T-wave flattening 10 54 M 
Remote anteroseptal infarct, atrial 

fibrillation, S-T wave abnormalities 11 59 M 
Cor pulmonale, chronic 

obstructive lung disease 12 56 M 
Chronic asthmatic bronchitis F 


Fig 1.—Correlation between CVP and PWP in 14 patients with no 
history of cardiorespiratory disease. There is a significant correla- 
tion between CVP and PWP in this group of patients. 
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Patient Age, 
No. 


yr 
55 
57 
28 
74 
56 
38 
60 
18 
70 
26 
43 
58 
26 
38 





PWP, CVP, Po, Pco,, 
Sex mmHg mmHg mmHg mmHg 
6 5.9 48 36.5 
10 8.1 57 35.3 
7 6 66 34 
8 5:5 50 39 
8 6.9 56 25 
7 a5 61 29 
6 3.3 52 38 
3 2.9 61 33 
8 4.0 59 33 
5 4 67 36.5 
10 6 41 32 
10 9 57 33.5 
9 5 58 32 
12 9 56 33 
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Table 1.—Patient Data: Patients With Prior Cardiorespiratory Disease 





Table 2.—Patient Data: Patients With No 
History of Cardiorespiratory Disease 
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Po,, 

PWP, CVP, mm Hg Pcc,, 
mm Hg mm Hg (Room Air) mm Hg 
2s 10.6 82 48 
22 5.88 61 40 
17 10 48 32 
25 430 52 42 
5 8.8 68 54 
12 4 52 30 
10 4.8 76 25 
6 13 48 33 
22 7 50 32 
12 5.9 56 34 
2.3 7.0 41 62 
10 20 47 47 


Units 









pH, 




































pH, 
Units 
7.48 
7.32 
7.47 
7.49 
7.51 
7.48 
7.43 
7.47 
7.43 
7.47 
7.49 
7.47 
7.40 
7.43 
























tients with chronic obstructive lung disease had had previ- 


PWP, mm Hg 


ure. 


the time of the study. All patients were hypoxemic breathing 
room air, the mean arterial oxygen pressure (Po,) being 53.6 mm 
Hg. 


Results 


Following initial assessment of the data, the patients 
were divided into two groups, depending on the presence 
or absence of cardiopulmonary disease. Those patients 
with heart disease had either coronary artery disease or 
valvular heart disease with chronic failure. The two pa- 
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ous hospital admissions for treatment of respiratory fail- 


The data from all patients are presented in Tables 1 and 
2. A very significant correlation between CVP and PWP 
was seen in the 14 patients who had no prior history of 
cardiopulmonary disease (r=.68; P<.01) (Fig 1). In con- 
trast, the 13 patients with a prior history of cardiac dis- 
ease or chronic obstructive lung disease showed a poor cor- 
relation between CVP and PWP (r=.28; P> .50) (Fig 2). 

In Fig 8, CVP and PWP are compared in eight patients, 
all of whom had roentgenographic evidence of pulmonary 
edema. Two patients had evidence of preexisting cardiac 
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CVP, mm Ag 


5 10 15 20 25 


PWP, mm Hg 


Fig 2.—Co*rdation betweer CYP and PWP in 13 patients with a 
history of cardwrespiretory disease. There is a poor correlation be- 
tween CVP and PWP in this group of patients. 


Fig 3.—Comparison setween CVP and PWP in eight patients, all 
of whom hac roentgenograptic evidence of pulmonary edema. Pa- 
tent 7 hac mtral stenosis and Patient 8 had long-standing con- 
gestive heart failure. Patient 1 had lung contusion, iatrogenic 
pneumothorax and right upper lobe hematoma secondary to right 
subclavian veir puncture. 
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disease. One patien- (patient 7) had mitral stenosis and 
had undergone an emergeney cholecystectomy (see ‘“Re- 
port ef Cases”), and the cther (patient 8) had a long his- 
tory of corgestive heart failure secondary to ischemic 
heart disease. Both of these patients had a normal CVP 
with moderately elevated PWP, indicating pulmonary con- 
gestion. One patient (patient 1) had a normal left ven- 
tricular filling pressure as recorded by the PWP despite an 
elevated CYP. The CVP was probably high in this case 
secondary to external compression of the superior vena 
cava by a surrounding hematoma. The remaining five pa- 
tients were not in left ventricular failure despite roent- 
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genographic signs of pulmonary edema. 

One patient with chronic obstructive lung disease (pa- 
tient 12, see “Report of Cases”) showed evidence of cor 
pulmonale secondary to chronic respiratory failure and a 
marked discrepancy between CVP and PWP. The second 
patient suffered from severe chronic asthmatic bronchitis. 
She had no prior history of heart disease, a normal electro- 
cardiogram, normal pulmonary artery pressure, and showed 
little difference between PWP and CVP. 


Report of Cases 


Case 2.—A 36-year-old woman was admitted to the hospital with 
acute right upper quadrant pain, nausea, and vomiting of three 
days’ duration. The positive physical findings were localized to the 
abdomen, and comprised tenderness and guarding in the right up- 
per quadrant. She was treated conservatively for 12 hours, but her 
condition deteriorated and an emergency cholecystectomy was 
performed. An acutely inflamed pregangrenous gallbladder was 
removed. In the immediate postoperative period she developed a 
rapid atrial fibrillation (rate, 150 beats per minute) and became 
dyspneic. A chest roentgenogram done at that time revealed early 
pulmonary edema. A balloon-tipped pulmonary artery catheter 
was inserted and revealed a CVP of 5.9 mm Hg with a PWP of 22 
mm Hg. She promptly underwent diuresis and digitalization. With 
slowing of the heart rate, a previously unsuspected murmur of mi- 
tral stenosis was heard. Cardiac catheterization was later per- 
formed and confirmed the diagnosis of mitral stenosis. She subse- 
quently had a successful mitral commissurotomy. 

Case 12.—A 56-year-old white man was admitted with a 12-hour 
history of intense epigastric pain. He had had several previous 
hospital admissions for exacerbations of chronic obstructive lung 
disease and had a long-standing history of duodenal ulcer. Admis- 
sion physical examination revealed a dyspneic man with a blood 
pressure of 90/50 mm Hg, pulse rate of 110 beats per minute, and 
respiratory rate of 32. The chest was barrel-shaped, and diffuse 
rhonchi were heard but no crepitations noted. The abdomen was 
distended with absence of liver dullness on percussion and gener- 
alized tenderness with rebound on palpation. Bowel sounds were 
decreased. Three views of the abdomen revealed free intraperito- 
neal air. Following fluid resuscitation, he was taken to the oper- 
ating room for omental patch repair of a perforated duodenal ul- 
cer. Postoperatively the patient became profoundly hypoxemic 
(arterial Po, of 47 mm Hg on 4 liters of oxygen per minute deliv- 
ered by nasal catheter). The CVP measured 30 em H,O (22.06 mm 
Hg). At this time we were uncertain whether the CVP elevation 
was secondary to fluid overload or right ventricular failure sec- 
ondary to cor pulmonale. A balloon-tipped pulmonary artery cath- 
eter was introduced and revealed an elevated PWP of 20 mm Hg. 
Seven hours later, following a diuresis of 1,200 ml produced by 40 
mg of furosemide (Lasix), the CVP remained high (27.5 em H,0) 
whereas the PWP had dropped significantly to 10 mm Hg. We 
were thus able to properly assess cardiac function in a situation 
where chronic right ventricular failure and acute left ventricular 
failure existed simultaneously. During the remainder of his hospi- 
tal stay, his main problem was the management of chronic res- 
piratory insufficiency. He was discharged four weeks after admis- 
sion. 


Comment 


Forrester et al reported a poor correlation between 
PWP and CVP in patients with acute myocardial infare- 
tion.’ They suggested that early evidence of left ventricu- 
lar dysfunction was not reflected in the CVP. This could 
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be because the left ventricle is more severely involved 
than the right in this clinical situation, in which case the 
left atrial pressure would be a more reliable indicator of 
left ventricular function.® Civetta and Gabel have shown a 
poor correlation between CVP and PWP in patients with 
hepatic failure, peritonitis, and multiple injuries.’ They 
also reported the unreliability of CVP as a guide to left 
ventricular function in patients with coronary artery dis- 
ease.’ Sharefkin and MacArthur noted a discrepancy be- 
tween CVP and pulmonary artery end diastolic pressure 
(PAEDP) in four patients with preoperative evidence of 
heart disease.* They felt that under most circumstances 
PAEDP was more easily obtainable than PWP. If, how- 
ever, the PAEDP was greater than 20 mm Hg or if pulmo- 
nary edema was present, a PWP measurement was ob- 
tained.® | 

We have found the Swan-Ganz pulmonary artery cathe- 
ter useful in differentiating pulmonary edema due to left 
ventricular failure from noncardiogenic causes. This dif- 
ferentiation is particularly important in the management 
of pulmonary edema in hypoxemic patients. A normal left 
ventricular filling pressure in a patient with roentgeno- 
graphic evidence of pulmonary edema obviates the need 
for digitalization that may be particularly hazardous in 
the presence of severe hypoxemia. 

In chronic obstructive lung disease, a poor correlation 
between CVP and PWP has only been demonstrated when 
cardiac decompensation had occurred secondary to chronic 
pulmonary hypertension. 

The balloon-tipped pulmonary artery catheter carries no 
greater risk than the CVP catheter and has proved to be a 
safe and reliable method for the determination of left 
ventricular filling pressures. The passage of the catheter 
through the right ventricle into the pulmonary artery may 
produce occasional ventricular premature contractions, 
but we have encountered no serious arrhythmias with its 
use in over 100 patients. The positioning of the catheter 
manometrically is precise, and roentgenographic checks 
are not required. We have been hesitant to leave the cath- 
eter in position for long periods; the average has been two 


to three days. Phlebitis occurred in one patient in whom 
the catheter was in position for a period of seven days, 
and recovery was rapid following its removal. Catheter 
knotting has not occurred and is unlikely to occur if one 
avoids the introduction of an excessive length of catheter 


during insertion. We have noted balloon leaks on three oc- 


casions and balloon rupture once without any ill effects. 
Pulmonary infarction has not occurred. 

Until recently, CVP monitoring has been a widely ac- 
cepted technique for the assessment of cardiac perform- 
ance. Since the clinical measurement of pulmonary wedge 
pressures has become practical in seriously ill patients, 
several investigators have shown a range of conditions in 
which CVP measurements are unreliable. We have shown 
that, in patients with a prior history of cardiac disease 
or established chronic obstructive lung disease with cor 
pulmonale, the CVP is a poor index of left ventricular 
performance. Serious pulmonary complications, many of 
which show pulmonary edema roentgenographically, are 
being seen more frequently in critical surgical illness and, 
in these situations, knowledge of the left ventricular fill- 
ing pressure may be of vital clinical importance in moni- 
toring fluid therapy. By careful monitoring of the PWP, 
early pulmonary congestion may be diagnosed and treat- 
ment instituted before obvious pulmonary edema occurs. 


Conclusion 


Simultaneous measurements of CVP and PWP were 
performed in 27 critically ill surgical patients. Central 
venous pressure is a reliable guide to cardiac performance 
only in the absence of prior cardiopulmonary disease. It is 
a poor guide to cardiac function in critically ill patients 
with antecedent history of cardiac disease or chronic ob- 
structive lung disease with cor pulmonale, and assessment 
of left ventricular function by PWP measurement is of 
great value in management. 


This investigation was supported in part by grants from the Quebec 
Heart Foundation. 


References 


1. Fitzpatrick GF, Hampson LG, Burgess JH: Bedside determi- 
gp of left atrial pressure. Can Med Assoc J 106:1293-1298, 

2. MacLean LD, et al: Patterns of septic shock in man: A de- 
tailed study of 56 patients. Ann Surg 166:543-562, 1967. 

3. Brisman R, Parks LC, Benson DW: Pitfalls in the clinical use 
of central venous pressure. Arch Surg 95:902-907, 1972. 

4. Swan HJC, et al: Catheterization of the heart in man with 
use of a flow-directed balloon tipped catheter. N Engl J Med 
283:447-451, 1970. 

5. Forrester JS, et al: Filling pressures in the right and left 
sides of the heart in acute myocardial infarction: A reappraisal of 


ees venous pressure monitoring. N Engl J Med 285:190-198, 
1971. 


6. Berglund“E: Ventricular function: VI. Balance of left and 
right ventricular output: Relation between left and right atrial 
pressures. Am J Physiol 178:381-386, 1954. 

7. Civetta JM, Gabel JC: Flow directed-pulmonary artery cath- 
eterization in surgical patients: Indications and modifications of 
technique. Ann Surg 176:753-756, 1972. 

8. Sharefkin JB, MacArthur JD: Pulmonary arterial pressure 
as a guide to the hemodynamic status of surgical patients. Arch 
Surg 105:699-704, 1972. 


Discussion 


ARTHUR E. Baue, MD, St. Louis: I would like to comment briefly 
on Dr. Toussaint’s paper. The authors have provided us with fur- 
ther evidence about clinical situations where the Swan-Ganz cath- 
eter would be most helpful. 

One of the problems that I think many have is that the advan- 
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tages of measurement of pulmonary wedge pressure may be con- 
siderable, but everyone has had difficulty in deciding when it 
should be measured. The present study was of patients with pure 
ventilatory failure, not with shock. In such patients who also had 
heart failure or cardiac problems, the Swan-Ganz catheter mea- 
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surements were important, whereas without cardiac problems 
they were not helpful This has provided us with further valuable 
information about the capability of this approach. 

Did any of your pestoperative gastrointestinal patients have 
peritonitis at -zhe time of the study, and what were their pressure 
measurements? It has been proposed that peritonitis affects the 
lung by release of toxic products. 

This might be expected to produce pressure changes on the 
right but nct on the left side o? the heart. 

SAMUEL R. Powrns, MD, Albany, NY: I had the privilege of re- 
viewing Dr. Toussamf’s manuscript and think it is an extremely 
important-prece of work. As physicians and surgeons we all have 
almost childish dreams that a perfect answer is going to come 
along, that an instrument or a test will, reliably in every case, 
with no mental effert whatever on our part, provide us with a 
clear-cut guide to therapy. 

When cencral vemovs pressure monitoring first received wide 
applieation, t was teuted almost in those terms. Many of you have 
suspeeted, and now Lr. Toussaint’s paper has proved, that we 
have again been chasing a will-o’-the-wisp. The problem is that 
the very patents in wnom we are most desirous of obtaining in- 
formation as to the status of the left side of the heart are pre- 
cisely those patients in whom the measurement is likely to be the 
greatest in error. 

I have twc questiens. Dr. Toussaint made the point that those 
patients who had evidence of cerdiopulmonary disease had poor 
correlation between central venous and pulmonary wedge pres- 
sures. In his manuscript he included patients whose only cardio- 
pulmonary disease was angina with depression of the S-T seg- 
ment. I woncer if he has any hypothesis as to why a change of 
that kind might cause a discrepancy. 

I would also like te ask if, since all of his patients were severely 
hypoxic and aypoxia does preduce a marked increase in pulmo- 
mary vascular resistance, he thought perhaps the pulmonary 
wedge pressure was, ir fact, not reflecting true left atrial pres- 
sure because of the increased pulmonary vascular resistance. 

CHARLES E Lucas, MD, Detroit: I think Dr. Toussaint and 
his co-workers kave very nicely shown the correlation between the 
central veneus pressure and pulmonary wedge pressure in healthy 
and disease szazes, and pointed cut that in patients with cardiac 
insufficiency this correlation is poor. 

I wonder what hawpens in posttraumatic cardiac insufficiency 
such as has been reperted to oecur in patients who have hypovole- 
mic shock. My difficulty each week is trying to determine how 
much blood, flaid, anc colloid should be administered to a patient 
in severe shock in order to maintain both pulmonary and renal 
function. I tind zhat these patients inevitably have water and so- 
dium gain pes-operatively, which probably reflects a breakdown in 
the sodium pump. They invariably have a marked weight gain, 
but when we try to slew down the rate of fluid administration they 
become hypetensive, eliguric, and go into renal failure. I am told 
by our transpErt team that this is all right since we can dialyze 
the patient through the period of renal failure. Unfortunately, our 
mortality with this regime is over 90% in spite of the excellent 
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transplant team that we have. 

In view of the fact that these patients have both a high central 
venous pressure and a high pulmonary artery pressure, it is ap- 
parent that we are not measuring effective cardiac output by mea- 
suring central venous pressure and pulmonary artery pressure. | 
suspect that within five years the same will be said of pulmonary 
wedge pressure. 

I would like to emphasize that the most important measurement 
of effective cardiac output throughout the body is best determined 
by what is happening in the healthy kidney. It is very important 
to give these patients enough fluids to maintain renal function; 
then one is rewarded by being able to measure urine volume, urine 
sodium, and urine osmolality to determine what is truly effective 
organ perfusion. In using this estimate of organ perfusion, I sus- 
pect we have a better index of effective cardiac function that is 
obtained by following the central venous pressure, pulmonary ar- 
tery pressure, wedge pressure, or left atrial pressure. 

I would like to ask the authors what the renal status was in 
those patients who had a poor correlation between the central 
venous pressure and pulmonary wedge pressure. 

Dr. TOUSSAINT: I would like to thank Drs. Baue, Powers, and 
Lucas for their kind remarks and pertinent comments. 

Dr. Baue, one of our patients did have peritonitis, and he was a 
man who came in with a perforated duodenal ulcer and severe cor 
pulmonale. Indeed, he had very markedly elevated central venous 
pressure. However, it was difficult to estimate cardiac function, 
especially in his case because of the cor pulmonale, so we intro- 
duced a Swan-Ganz catheter that told us that, in addition to 
chronic right ventricular failure, he also had acute left ventricular 
failure, which prompted us to diurese and digitalize. Thereafter, 
the central venous pressure remained high, about 25.5 cm H,O, 
and the pulmonary wedge pressure decreased to approximately 10 
mm Hg. 

Regarding Dr. Powers’ question as to why there should be a dis- 
crepancy between central venous pressure and pulmonary wedge 
pressure in patients who had angina or depressed S-T segment 


changes, I think perhaps one reason would be because in coronary — 


artery disease the left ventricle is more often more severely in- 
volved than the right ventricle, in which case the left ventricle fill- 
ing pressure, as recorded by the pulmonary wedge pressure, would 
be more sensitive to left ventricular dysfunction than would the 
central venous pressure. 

Did any of the patients have increased pulmonary vascular re- 
sistance? We were rather disappointed in our particular group of 
patients. We were looking for elevated pulmonary artery pres- 
sures, but virtually none of them, except for the patient described 
above, had high pulmonary artery pressures, above 20 mm Hg. 
Perhaps the reason for this is that most of these patients were 
slightly alkalotic, the alkalosis tending to decrease the effect of 
hypoxemia on the pulmonary vasculature. 

Regarding Dr. Lucas’ question, I cannot report precisely on the 
renal status of the patients, but none of them was in renal failure 
at the time of the study. 
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Correlation of Pulmonary Wedge 
and Left Atrial Pressures 


A Study in the Patient Receiving 


Positive End Expiratory Pressure Ventilation 


Jeffrey Lozman, MD; Samuel R. Powers, Jr., MD; Thomas Older, MD; Robert E. Dutton, MD; 


Rob J. Roy, PhD; Mark English; David Marco; Charles Eckert, MD 


A prospective study of five patients was performed utilizing both 
left atrial and wedge catheters. As positive end expiratory pressure 
(PEEP) was altered, left atrial pressure, cardiac index, net left atrial 
pressure, pulmonary vascular resistance, and stroke work were de- 
termined. At low levels of PEEP, wedge and left atrial pressure corre- 
lated significantly (r =.83). As PEEP increased, cardiac index was 


frequently compromised. Measurements of net left atrial pressure _ 


and stroke work indicated that high levels of PEEP resulted in left 
ventricular failure. This may have been due to reduced coronary flow 
secondary to an elevated myocardial interstitial pressure with high 
levels of PEEP. 


| Raper) wedge pressure currently is being used to 
obtain a close estimate of left atrial pressure.: With 
the development of the Swan-Ganz catheter, pulmonary 
artery and pulmonary wedge pressures are being mea- 
sured with increasing frequency in critically ill patients.’ 
Many of these patients develop pulmonary complications 
requiring prolonged ventilatory support with high levels 
of positive end expiratory pressure (PEEP). If pulmonary 
wedge pressure faithfully reflects left atrial pressure, 
then any change in left atrial pressure should be associ- 
ated with a similar directional change in pulmonary 
wedge pressure. However, previous investigations have 
shown that PEEP may cause changes in cardiac output 
and that, as the level of PEEP increases, pulmonary 
wedge pressure may change divergently from that pre- 
dicted for left atrial pressure." A decrease in cardiac 
output normally will result from a decrease in filling pres- 
sure of the left atrium, but may be accompanied by an in- 
crease in left atrial pressure during cardiac failure.'*- In 
the absence of cardiac failure, a change in pulmonary 
wedge pressure opposite in direction to a change in car- 
diac output may indicate that, under some circumstances, 
such as during application of PEEP, pulmonary wedge 
pressure reflects a pressure other than left atrial pressure. 

The present study was undertaken to determine the re- 
lationship between measured left atrial pressure, pulmo- 
nary wedge pressure, and cardiac output in patients as 
levels of PEEP were changed. Cardiac index and stroke 


work were calculated to provide an indication of the effect 
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of PEEP on left ventricular function. Finally, the mor- 
phology of the Swan-Ganz catheter itself in the pulmo- 
nary wedge position was studied under in vitro and in 
vivo conditions in the dog to gain an estimate of whether 
or not the position the wedged catheter tip assumed 
within the pulmonary artery had any influence on its 
performance. 


Materials and Methods 


In five postoperative openheart surgery patients, left atrial 
pressure was measured simultaneously with pulmonary wedge 
pressure. At the time of the open heart surgery, left atrial, radial 
artery, and central venous pressure catheters were inserted. Fol- 
lowing their surgical procedure, these patients were transferred 
from the operating room to the Albany Medical College Clinical 
Studies Center for their immediate postoperative care. A flow-di- 
rected triple lumen 7F Swan-Ganz’ catheter was positioned in a 
pulmonary artery and then advanced to a wedge position. All pa- 
tients were intubated and ventilated with a volume-cycled res- 
pirator. In four of the five patients, baseline recordings at zero 
end expiratory pressure were made of arterial blood pressure, left 
atrial pressure, pulmonary artery pressure, pulmonary wedge 
pressure, central venous pressure, and pulse rate by means of an 
eight-channel recorder and strain gauge transducers. Pulmonary 
wedge pressure was measured during inflation of the balloon of 
the Swan-Ganz catheter with 0.8 ml to 1.5 ml of air. Cardiac out- 
put was determined by indocyanine green dye dilution technique. 
Analog voltages from the densitometer and the output of selected 
channels of the recorder were transmitted on-line to a medium- 
size digital computer for calculation of cardiac output and its con- 
version to cardiac index based on the patient’s body surface area 
(BSA) and for calculation of pulmonary vascular resistance 
(PVR). Two different values for PVR were calculated by dividing 
either the difference between mean pulmonary artery pressure 
and mean pulmonary wedge pressure, or the difference between 
mean pulmonary artery pressure and mean left atrial pressure, by 
the cardiac output. In three patients, right ventricular pressures 
were also recorded via the third lumen of the Swan-Ganz catheter. 

Intrapleural pressure was measured in two patients by insert- 
ing into the patient’s chest drain tube, at a time when it was 
clamped, a needle connected to a differential strain gauge trans- 
ducer by a polyvinyl catheter. Air was introduced into the chest 
tube to create a small pneumothorax just prior to recording the in- 
trapleural pressure.” 

Pressure transducers were zeroed open to the atmosphere 5 em 
below the angle of Louis of the sternum. All pressures reported as 
systolic and diastolic refer to peak-to-peak values during the ex- 
piratory phase of the respiratory cycle in order to reduce the ef- 
fect of respiratory artifact. Net left atrial pressure was calculated 
by subtracting the measured intrapleural pressure from the 
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Table 1.—Comparison of Recorded and Calculated Pressures, Cardiac Index, and Stroke 
Work in Five Patients at Varying Levels of PEEP* 



























































Net à’ 
Mean Mean ” Pulmonary Pulmonary 
Pulmonary Left Left Cardiac Vascular Vascular 
Level of Wedge Atrial Atrial Index, Resistance Resistance Stroke 
PEEP. Pressure, Pressure, Pressure, liters/min/ | MPAP-Wedge, MPAP-MLAP, Work, 
Patient cm H,9 mm Hg mm Hg mm Hg sq m BSA dyne-sec/cm>5 dyne-sec/cm5 Ergs X 104 

A (0) 9 10 2.20 67 90 496 
5 12 13 2.00 149 123 438 

10 11 10 ee 2.28 174 195 548 

15 12 14 Fea 1.84 269 216 470 

10 9 11 1.63 243 182 352 

5 11 14 1.90 130 52 423 

O 11 13 1.63 213 152 257 

B 0 20 14 10 1.98 1,828 2,127 293 
5 15 12 6 2.20 1,495 1,562 283 

10 17 11 3 2.15 1,314 1,446 164 

15 17 15 6 1.21 2,758 2,755 137 

10 12 14 8 1.70 1,939 1,862 216 

5 10 11 4 1.13 2,032 1,978 129 

0 8 10 8 1.97 902 1,504 208 

C (0) 4 6 5 2.69 130 97 464 
5 6 8 5 -2.35 112 74 362 

10 9 10 4 2.10 146 125 282 

15 11 27 18 1.69 181 t 243 

10 8 20 12 1.41 186 t 209 

5 8 10 6 2.61 117 83 470 

0 5 7 5 2.91 105 75 475 

D 0 6 5 Tai 2.55 231 247 564 
5 7 5 T 2.44 224 . 258 467 

10 8 8 act 1.74 289 289 350 

15 9 10 Pe 1.64 359 333 333 

10 9 8 1.97 128 149 377 

5 7 6 Le 2.03 125 145 387 

0 4 4 =e 2.31 218 218 404 

E 0 7 4.54 28 948 
5 8 4.03 53 824 

10 8 atts 4.05 63 865 

15 9 15 3.43 87 12 559 

10 8 10 3.94 76 54 806 

5 10 9 3.94 54 65 823 

0 5 6 4.40 58 48 803 


* Mean pulmonary a-tery pressure, MPAP; mean left atrial pressure, MLAP. 


t The MLAP exceeded MPAF due to overt mitral insufficiency. 


recorded mear left atrial pressure. Stroke volume was obtained by 
dividing cardiac output by pulse rate per minute. Stroke work was 
calculated by multiplying stroke volume by mean radial artery 
pressure. 

When the above measurements at zero end expiratory pressure 
were complete. the level of PEEP was increased in increments of 5 
cm H.O pressare to a maximum of 15 em H,O followed by dec- 
rements of 5 em H,O back tc zero end expiratory pressure. After 
ten te 15 minutes at each airway pressure, all of the above mea- 
surements were repeated. The fifth patient has data available 
only during the decrease in BEEP from 15 cm H,O to zero end ex- 
piratery pressure due to equipment problems that were detected 
during the first phase of the study. 

Informed consent fcr the bove procedures was obtained from 
either the patient or from hisdegal guardian after the nature, pur- 
pose, and risks of all procedures to be performed were explained 
according to the recommendacions in the Declaration of Helsinki. 
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To investigate the morphology of the Swan-Ganz catheter 
within the pulmonary artery, two experiments in dogs were car- 
ried out. First, a segment of pulmonary artery was surgically dis- 
sected and removed from a dog for in vitro study. A Swan-Ganz 
catheter was inserted into this segment and its balloon was in- 
flated with 1.2 ml of air. In this position, the preparation was 
fixed in formalin for 24 hours. A second dog was anesthetized with 
pentobarbital sodium (25 mg/kg) and ventilated with a cuffed en- 
dotracheal tube. A thoracotomy was performed, and a Swan-Ganz 
catheter was inserted into the right ventricle. Then, the catheter 
balloon was inflated and it was floated into the pulmonary artery. 
The catheter was connected to a strain gauge transdueer for pres- 
sure recording on a four-channel recorder. With the balloon still 
inflated with 1.2 ml of air, the catheter was advanced to a wedge 
position. This was verified by deflating the balloon, withdrawing 
mixed venous blood from the pulmonary artery, and recording the 
transition from pulmonary artery pressure to pulmonary wedge 
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Table 2.—Comparison of Recorded Pressures and Pulse Rates Measured in Five Patients at Varying Levels of PEEP 































































































Pulse Pulmonary Artery 
Arterial Rate, Central Right Pressure 
Level of Blood Beats Venous Ventricular =£.———___~——_________. __intrapleural 
PEEP, Pressure, per Pressure, Pressure, Mean, Pressure, 
Patient cm H,O mm Hg Minute mm Hg mm Hg mm Hg mm Hg mm Hg 
A 0 103/62 72 6 16/13 14 
5 111/72 84 9 20/17 18 
10 115/70 72 9 20/17 19 
15 127/80 76 12 23/21 22 
10 102/68 80 9 18/16 17 
5 98/64 68 10 18/15 16 
0 96/63 96 7 19/18 18 step 
B 0 104/73 88 8 99/45 75 4 
5 95/70 100 5 92/48 65 6 
10 92/66 160 9 78/48 60 8 
15 93/68 100 10 80/45 62 9 
10 92/70 96 12 87/42 62 6 
5 82/58 100 8 a), 68/30 45 7 
0 80/52 100 5 Lis 63/26 35 2 
C 0 128/67 128 4 22/0 13/5 12 1 
5 100/46 124 8 20/2 14/7 12 3 
10 99/49 128 5 21/5 17/11 16 6 
15 97/55 128 14 22/7 20/14 18 9 
10 91/58 124 11 23/3 17/10 14 8 
5 105/81 116 21/0 17/9 15 4 
0 110/61 120 10 21/0 14/6 12 2 
D 0 120/63 92 25/0 25/15 20 
5 90/60 100 25/0 24/15 20 
10 100/60 104 10 28/8 29/13 20 
15 100/65 104 13 25/9 28/17 23 
10 96/60 100 10 22/7 25/10 15 
5 100/65 100 8 18/4 18/12 6 
0 90/55 96 7 18/3 20/15 5 
E 0 108/52 84 5 12/8 18/9 10 
5 127/59 92 6 13/4 15/10 13 
10 117/56 88 8 18/7 15/10 14 
15 90/47 100 8 19/8 17/14 16 
10 121/59 92 8 17/9 17/11 15 
5 132/61 96 6 13/10 16/13 15 
0 110/53 96 5 14/3 14/6 11 


pressure when the balloon was reinflated. With the balloon rein- 
flated, the dog was killed. Immediately, dissection of the lung was 
carried out, starting at the periphery and progressing toward the 
hilum, until the segment of pulmonary artery containing the bal- 
loon was identified. After adequate exposure was attained, the 
preparation was photographed. 


Results 


In a previously reported study of the effects of increas- 
ing levels of PEEP, there were 13 data sets where cardiac 
index of posttraumatic patients fell as pulmonary wedge 
pressure increased.’ A decrease in cardiac output should 
be associated with a decrease rather than an increase in 
net filling pressure of the left atrium, provided that heart 
failure has not developed. In ten of these data sets, the pa- 
tient’s cardiac index remained above 3.1 liters/min/sq m 
BSA, ie, within normal limits. Therefore, it was unlikely 
that they were in left ventricular failure. No attempt was 
made to estimate net left atrial pressure from their pul- 
monary wedge pressure measurements. 
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To establish whether or not these pulmonary wedge 
pressures were accurately reflecting either absolute or net 
left atrial pressure, pulmonary wedge pressure and left 
atrial pressure were measured simultaneously in five pa- 
tients during administration of PEEP. The following re- 
ports describe the sequence of measurements and results 
in these five postoperative open heart surgery patients. 


Report of Cases 


PATIENT A.—A 64-year-old man underwent aortic valve replace- 
ment. Postoperatively, as PEEP was increased from zero to 10 cm 
H,O pressure, both left atrial pressure and pulmonary wedge 
pressure approximated each other closely (Table 1). At 15 em H,O 
PEEP, changes in pulmonary wedge pressure did not correspond 
to the changes in left atrial pressure. At 5 cm H,O PEEP, and 
again at 15 em H,O PEEP, PVR rose abruptly. Concurrent with 
these abrupt changes, decreases in both cardiac index and stroke 
work occurred. Neither central venous pressure nor pulmonary ar- 
tery end diastolic pressure appeared to correlate with left atrial 
pressure (Table 2). 
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Peter B.—A 60-year-old woman underwent mitral valve re- 
placement. Preoperative catheterization had demonstrated the 
presence of a pulmonary artery systolic pressure of 110 mm Hg. 
Postwperatively, pulmonary wedge pressure did not reflect left 
atrial pressure at any leve! of PEEP (Table 1). As PEEP was 
raised to 5 cm H.O and to 10 em H,O, PVR decreased from ini- 
tiall- very high values and eardiac index increased. In effect, the 
elevated levels of airway pressure with PEEP appeared to reduce 
pulmonary edema that was present secondary to the preoperative 
severe mitral stenosis. However, the observed increase in cardiac 
index did not result ia an improvement in stroke work, for there 
was a fall in radial artery blood pressure as PEEP increased 
(Tate 2). Therefore, the inerease in cardiac index was due to an 
increase in heart rate as peripheral vascular resistance changed 
and systemic blood pressure fell. At 15 em H,O PEEP, the cardiac 
index fellat a time wien PVR rose abruptly. Concurrently, stroke 
wort fell to very low levels in association with a rise in net left 
atrial pressure of 3 mm Hg over its previous value. When a Star- 
ling-Sarnoff left ventricular function curve was constructed from 
these data, it beeame apparent that the patient’s curve had 
shifæd to the right at 15 cm H,O PEEP, signifying the onset of 
left -entricular failure (Fig 1). At no time did central venous pres- 
sureor pulmonary artery end diastolic pressure reflect changes in 
left atrial pressure. Measured intrapleural pressure increased 
only-one third as mueh as mean airway pressure. 

PATIENT C.—A 44-year-old man underwent triple coronary ar- 
tery bypass grafting. Postoperatively, at zero, 5 cm H,O, and 10 
cm E.O PEEP, left atrial and pulmonary wedge pressures closely 
approximated eaeh ozher (Table 1). At 15 cm H,O PEEP, mean 
left atrial pressure rose abruptly 4 mm Hg, while pulmonary 
wedre pressure remained at the previously recorded value. After 
a small decrease at 5 cm HO PEEP, PVR rose with each incre- 
men: in PEE?. At zezo, 5 em H,O, and 10 em H,O PEEP, cardiac 
index and stroke work progressively declined. This was concur- 
rentwith either no change or a decrease in net left atrial pressure, 
suggesting that an appropriate decrease in net left atrial filling 
pressure wasoecurring. However, at 15 cm H,O PEEP, cardiac in- 
dex and stroke work were still decreasing, but net left atrial pres- 
surerose abruptly 14 mm Hg over the previously obtained value. 
When a Starling-Sarnoff left ventricular function curve was con- 
stru-ted from these data, i: became apparent that the patient's 
curve had shited te the right at 15 em H,O, clearly signifying the 
onse of left ventricu ar failure (Fig 1). At this time absolute left 
atrial pressure was 107/0 mm Hg, while radial artery blood pres- 
sure was 97/55 mm Hg (Table 2). The tracing of left atrial pres- 
sureshowed a rapid momentary systolic peak. It appears that as 
left -entricular failure oecurrec, dilation of the mitral anulus with 
intezmittent incompetence ef the mitral valve was present. This 
high left atrial pressure was not reflected in pulmonary wedge 
pressure measuremerts. Puimcnary artery end diastolic pressure 
served as a geod indicator of left atrial pressure at zero, 5 cm H,O, 
and 10 cm H,O PEEP only. Central venous pressure and right ven- 
trictlar end diastolic pressure reflected left atrial pressure and 
cardiac index changes poorly. 

Patient D.—A 44-year-old man underwent triple coronary ar- 
tery bypass grafting. Postoperatively, as PEEP was increased to 
15 en E.O, both left atrial pressure and pulmonary wedge pres- 
sureclosely followed each other (Table 1). With each increase in 
PEFP, PVR increased, but there was not the precipitous increase 
observed in the above patieats. Even though net left atrial pres- 
surewas not measured, it appears that left ventricular failure oc- 
curred at 10 em H.O and 15 cm H,O PEEP, since a rising mean 
Jeft atrial pressure was associazed with decreases in cardiac index 
and streke work. Pulmonary artery end diastolic pressure and 
centeal venous presstre hac ne apparent relationship with mean 
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PATIENT C 
@ O PEEP 
4 
5 PEEP 
PATIENT B 
30 _—® 0 PEEP 
SEEP 


~T sss... 15 PEEP 
—-~@ 


STROKE WORK, ergs x 104 


O PEEP 
15 PEEP 





3 1O ID 20 
NET LEFT ATRIAL PRESSURE, mm Hg 


Fig 1.—Starling-Sarnoff left ventricular function curves of stroke 
work graphed against net mean left atrial pressures for patients B 


-and C, as level of PEEP was increased. Heart failure occurred in 


both patients at 15 cm H.O PEEP. 


left atrial pressure (Table 2). Both central venous pressure and 
right ventricular end diastolic pressure rose with increments in 
PEEP. 

Patient E.—A 50-year-old man underwent triple coronary ar- 
tery bypass grafting. Left atrial pressure could not be obtained 
during the first half of the study. The effect of PEEP on cardiac 
index and PVR was less intense than that seen in the above pa- 
tients (Table 1). However, at 15 em H,O PEEP there was an ab- 
rupt drop in stroke work and a decrease in cardiac index at a time 
when mean left atrial pressure was 15 mm Hg. It would appear 
that this level of PEEP was deleterious to left ventricular func- 
tion. Pulmonary wedge pressure did not reflect this high mean left 
atrial pressure, whereas pulmonary artery end diastolic pressure 
did (Table 2). Central venous pressure did not serve as a reliable 
index to left atrial pressure. 


In all of the above postoperative open heart patients, 
further measurements of left atrial pressure and pulmo- 
nary wedge pressure were made as PEEP was decreased 
in 5-em H,O decrements to zero end expiratory pressure 
(Table 1). This increased to 32 the total number of com- 
parisons between left atrial pressure and pulmonary 
wedge pressure. Of these 32 data sets, 18 were obtained at 
zero or at 5 em H,O PEEP. The remaining 14 comparisons 
were obtained at 10 em H.O or 15 em H,O PEEP. At or be- 
low 5 cm H,O PEEP, there is a statistically significant cor- 
relation between left atrial pressure and pulmonary 
wedge pressure measured with a Swan-Ganz catheter 
(r =.83; P<.01) (Fig 2). However, at or above 10 cm H,O 
PEEP, no significant correlation could be found between 
left atrial pressure and pulmonary wedge pressure (Fig 3). 
In nine of 32 data sets, pulmonary wedge pressure failed 
to change with left atrial pressure either in direction or 
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Fig 2.—Comparison of mean left atrial pressure and pulmonary 
wedge pressure at zero and 5 cm H,O PEEP. The line is line of iden- 
tity (n = 18, r=.83, P<.01). 


magnitude. This failure of pulmonary wedge pressure to 
follow mean left atrial pressure occurred in four of the 
five patients. 

Results in Dog Experiments.—In six inflations of the 
Swan-Ganz catheter within an isolated segment of pulmo- 
nary artery, it was observed that in five of these inflations 
the balloon preferentially inflated on one side, resulting in 
occlusion of the catheter tip against the wall of the vessel 
(Fig 4). After fixation in formalin, the vessel was opened 
lengthwise. Direct observations revealed thinning of the 
wall of the pulmonary artery at the site where the tip im- 
pinged against it (Fig 5). 

In the second preparation, dissection of the lung re- 
vealed the catheter tip to be bulging the vessel wall and, 
as in the isolated segment of vessel above, all that could be 
seen in the lumen of the pulmonary artery was the cathe- 
ter balloon (Fig 6). 


Comment 


The measurement of pulmonary wedge pressure ap- 
pears to be a reliable index of left atrial pressure in pa- 
tients during spontaneous respiration or during adminis- 
tration of intermittent positive pressure.***"" Lappas et 
al’ found a very high correlation between pulmonary cap- 
illary wedge pressure and left atrial pressure in a group of 
patients undergoing open heart surgery (r=.99). In those 
patients, pressures as high as 40 mm Hg were recorded. 
Similarly, Connolly et al’ found a maximal recorded dif- 
ference between mean pulmonary artery wedge pressure 
and mean left atrial pressure of 5 mm Hg in 21 determi- 
nations during operation for mitral stenosis. However, in 
our previously reported trauma patients, there were 13 in- 
stances where pulmonary wedge pressure increased as 
cardiac index decreased during PEEP." This raised the 
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Fig 3.—Comparison of mean left atrial pressure and pulmonary 
wedge pressure at 10 cm H,O and 15 cm H,O PEEP. The line is line 
of identity (n= 14, r=.11, NS). 


possibility that PEEP may be interfering with pulmonary 
wedge pressure measurements as an accurate indication 
of left atrial pressure. 

In the present study of five postoperative open heart 
surgery patients receiving PEEP, pulmonary wedge pres- 
sure did not reflect changes in directly measured left 
atrial pressure in nine of 32 data sets. These failures oc- 
curred at levels of PEEP 10 cm H.O or above. Possible rea- 
sons for the discrepancy between pulmonary wedge and 
left atrial pressure found in our patients at higher levels 
of PEEP are at least three in number. An important cause 
for error may have been related to the high pulmonary ar- 
tery pressure induced by PEEP combined with the tech- 
nique used to obtain the wedge reading.’ At the time the 
balloon is inflated, the pressure at the catheter tip just dis- 
tal to the balloon will be identical with the pulmonary ar- 
tery pressure. Pressure in this distal segment will then 
drop as the blood runs out through the pulmonary capil- 
laries. The rate at which this runoff occurs will depend on 
the pulmonary vascular resistance; and therefore, a longer 
time will be required for the pressure to fall to the level of 
the left atrium in patients with the highest resistance. 
Our technique of measurement used a preset time from 
inflation of the balloon. This may have been insufficient 
time for equilibrium in one patient (patient B). 

A second and probably more frequent reason for our 
lack of correlation between wedge and left atrial pres- 
sures is a consequence of the high levels of PEEP, which 
caused alveolar pressure to exceed left atrial pressure. 
This Starling resistor phenomenon has been described by 
Permutt et al" and results in occlusions of pulmonary cap- 
illaries. The wedge catheter tip is now isolated between 
the proximal balloon and the distally occluded capillaries, 
and may reflect either the alveolar pressure or the intra- 
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Fig 4.—Top, Inflated catheter balloon 
withir isolated segment of pulmonary ar- 
tery. dote where catheter tip is impinging 
on vessel wall (arrow). Bottom, balloon de- 
flated Note waere the catheter tip had been 
impinging (arsow). 


sel (arrow). 


vascilar pressure in the large pulmonary vessels (S.R. 
Powers, Jr., MD, Rob J. Roy, PhD, unpublished data). In 
the Srmer case, pulmonary wedge pressure will exceed 
left trial pressure; and in the latter case, pulmonary 
wedg= pressure will be decreased below left atrial pres- 
sure due to the tendency toward a negative intravascular 
pressure thet deve.ops during inflation of the lung with 
high =ranspulmonary pressures." 

A hird source of spurious readings is that elevated air- 
way pressure may have a direct effect on the catheter bal- 
loon. In experiments in vitro it has been demonstrated 
that as mean balloon inflation pressure increases, the 
wedge balloon does not inflate evenly. As one portion of 
the ‘alloon preferentially enlarges, the catheter tip is 
pushed against one side of the surrounding vessel, occlud- 
ing Lae tip. When this occurs, the pressure recorded re- 
mains at the value in the vessel just prior to occlusion. 

The most important finding in the present study was 
the occurrence of the left ventricular failure in all patients 
as airway pressure was increased. With small increases in 
PEEF, a fallin cardiac output and stroke work was associ- 
ated with a fall in left atrial pressure, as had been antici- 
pate At hizher levels of PEEP, left atrial pressure in- 
creased and stroke work fell. The mechanism of this 
impatment n cardiac function is not established, but may 
be resated to interference with coronary blood flow in 
these patients witk cardiac disease. Normally, coronary 
blood flow depends on the difference between aortic dias- 
tolic pressure and the pressure in the arteriolar resistance 
vessels, provided that this pressure is higher than myocardial 
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Fig 5.—Isolated segment of pulmonary ar- 
tery opened lengthwise 24 hours after fix- 
ation in formalin. Area where tip had been 
impinging is seen as thinning of wall of ves- 


DAA 


Fig 6.—Catheter tip bulging against wall 
of vessel (arrow A). Within pulmonary artery 
is seen only catheter balloon (arrow B). 


interstitial pressure. Hence, aortic diastolic pres- 
sure> arteriolar resistance vessel pressure> myocardial 
interstitial pressure. If pericapillary pressure exceeds in- 
tracapillary pressure, then the capillaries will collapse and 
function as Starling resistors.’ If myocardial inter- 
stitial pressure exceeds the pressure in the arteriolar re- 
sistance vessels, they will collapse also and function as 
Starling resistors, causing an increase in coronary vascu- 
lar resistance and a fall in coronary blood flow (aortic dias- 
tolic pressure > myocardial interstitial pressure > arterio- 
lar resistance vessel pressure). It is not known whether 
similar changes might have occurred in our younger 
trauma victims. In any case, a rise in pulmonary wedge 
pressure in association with a fall in cardiac output or 
blood pressure is an ominous sign and should signal an im- 
mediate reduction in the level of PEEP. 

An increase in wedge pressure in association with 
PEEP can be caused by any one of several factors. When 
associated with a drop in cardiac index, the elevated 
wedge pressure may accurately reflect left atrial pressure 
and be due to left ventricular failure. On the other hand, 
high levels of PEEP may create the mechanical problems 
described above so that the catheter tip reflects some pres- 
sure other than left atrial. Without a direct measurement 
of net left atrial pressure, one is not able to distinguish 
the meaning of an elevated wedge pressure, and one must 
skeptically evaluate pressures recorded at elevated levels 
of airway pressure. Heart failure was observed without an 
associated further rise in pulmonary wedge pressure. In- 
creases in wedge pressure of 2 mm Hg or more following 


Pulmonary Wedge and Left Atrial Pressures/Lozman et al 275 

















the addition of 5 cm H,O PEEP are, however, generally 
indicative of hemodynamic compromise and should lead to 
an immediate reevaluation of therapy. 


eye 
Att 


This investigation was supported by National Institute of General Medi- 
cal Sciences grant GM-15426 and General Clinical Research Center grant 
5M01-RR00094M. 

Dr. Daniel Chen and Dr. Suleman Sadig assisted in patient preparation. 


References 


1. Connolly DC, Kirklin JW, Wood EH: The relationship be- 
tween pulmonary artery wedge pressure and left atrial pressure 
in man. Cire Res 2:434-440, 1954. 

2. De Laurentis DA, et al: Does central venous pressure accu- 
rately reflect hemodynamic and fluid volume patterns in the crit- 
ical surgical patient? Am J Surg 126:415-418, 1973. 

3. Lappas D, et al: Indirect measurement of left atrial pressure 
in surgical patients: Pulmonary-capillary wedge and put: 
artery diastolic pressures compared with left-atrial pressure. 
Anesthesiology 38:394-397, 1973. 

4. Rahimtoola SH, et al: Relationship of pulmonary artery to 
left ventricular diastolic pressures in acute myocardial infarction. 
Circulation 46:283-290, 1972. 

5. Rosenbaum RW, et al: The importance of pulmonary artery 
pressure monitoring. Surg Gynecol Obstet 136:261-264, 1973. 

6. Sharefkin JB, MacArthur JD: Pulmonary arterial pressure 
as a guide to the hemodynamic status of surgical patients. Arch 
Surg 105:699-704, 1972. 

T. Werké L, et al: Further evidence that the pulmonary capillary 
venous pressure pulse in man reflects cyclic pressure changes in 
the left atrium. Circ Res 1:337-339, 1953. 

8. Werkö L, et al: The influence of the pulmonary arterial pres- 
sure on the pulmonary capillary venous pressure in man. Cire Res 
1:340-344, 1953. 

9. Swan HJC, et al: Catheterization of the heart in man with 
use of a flow-directed balloon-tipped catheter. N Engl J Med 
283:447-451, 1970. 

10. Powers SR Jr, et al: Physiologic consequences of positive 


oe re sige 2 pressure (PEEP) ventilation. Ann Surg 178:265- 
, 1973. 

11. Sugerman HJ, et al: Continuous positive end expiratory 
pressure ventilation (PEEP) for the treatment of diffuse inter- 
stitial pulmonary edema. J Trawma 12:263-274, 1972. 

12. Patterson SW, Starlin EH: On the mechanical factors which 
determine the output of the ventricles. J Physiol 48:357-379, 1914. 

13. Sarnoff SJ, Bergiiad B: Ventricular function: I. Starling’s 
law of the heart studied by means of simultaneous right and left 
ventricular function curves in the dog. Circulation 9:706-718, 1954. 

14. Braunwald E, Frahm CJ: Studies of Starling’s law of the 
heart: IV. Observations on the hemodynamic funetions of the left 
atrium in man. Circulation 24:633-642, 1961. 

15. Cournand A, et al: Physiological studies of the effects of in- 
termittent positive pressure breathing on cardiae output in man. 
Am J Physiol 152:162-174, 1948. 

16. Fitzpatrick GF, Hampson LG, Burgess JH: Bedside deter- 
or aa of left atrial pressure. Can Med Assoc J 106:1293-1298, 
1972. 


17. Permutt S, Bromberger-Barnea B, Bane HN: Alveolar pres- 
sure, pulmonary venous pressure, and the vascular waterfall. Med 
Thorac 19:239-260, 1962. 

18. Howell JBL, et al: Effect of inflation of the lung on differ- 
Rey of pulmonary vascular bed. J Appl Physiol 16:71-76, 

19. Permutt S, Riley RL: Hemodynamics of collapsible vessels 
with tone: The vascular waterfall. J Appl Physiol 18:924-932, 1963. 


Discussion 


ARNOLD S. LEONARD, MD, Minneapolis: I would like to congratu- 
late Dr. Lozman and his group for this very important study. They 
bring to us some information that we also have been very inter- 
ested in. 

Although the application of PEEP may improve the arterial 
oxygen tension by preventing alveoli from collapsing, it may also 
have an adverse effect on the hemodynamic indexes of the pa- 
tients. 

Since continuous positive pressure breathing has been estab- 


' lished as an acceptable form of treatment for respiratory distress 


and other postoperative complications, we also have been con- 
cerned with the disadvantages and limitations of PEEP. Our labo- 
ratory studies over the past 1% years, using 22 puppies, confirm 
those observations of Dr. Lozman and Dr. Powers. We ventilated 
normal mongrel puppies at different levels of PEEP (0, 5, 10 em 
H,O). Cardiac index was measured at each PEEP level, and the ef- 
fect of volume and pressure controlled respirators was evaluated. 

There was a decrease of cardiac index to 75% of baseline value 
at an end expiratory pressure level of 10 cm H,O. We believe this 
decrease in cardiac index to be, in part, the effect of the increased 
intrathoracic pressure impeding venous return, as evidenced by 
the increase in mean airway pressure and central venous pressure 
of over 200% of the baseline. 

We also believe there are other ways of decreasing cardiac in- 
dex such as stated by Dr. Lozman. We also measured mean pulmo- 
nary artery pressure by inserting a Swan-Ganz catheter in the 
pulmonary artery via the jugular vein, and pulmonary resistance 
was calculated. An important observation was that there was a 
much higher increase in pulmonary vascular resistance and pul- 
monary artery pressure in the pressure control respirator as com- 
pared to the volume control respirator, and we believe this effect 
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to be due to induced hypoxia caused by the pressure control res- 
pirator since the amount of tidal volume delivered with increasing 
PEEP was decreased. On the other hand, the volume control res- 
pirator keeps the same tidal volume regardless of the level of 
PEEP. I wonder if Dr. Lozman and Dr. Powers measured pulmo- 
nary resistance or pressure, and if they used pressure or volume 
control respirators for their study. 

We also measured alveolar-arterial O, and CO, gradients with 
volume- and pressure-cycled respirators under increasing PEEP. 
We concluded that there was no significant change in CO, gas ex- 
change in the lungs under volume or pressure control respirators. 
With the pressure control respirator, however, there was a differ- 
ence in arterial and alveolar O, differences. The O, gradients im- 
proved with both volume and pressure control until high levels of 
PEEP were reached. Then the pressure control induced hypoxia 
and the pH fell to 7.1. Thus, there were instances of deterioration 
and gas exchange across the alveolar membrane with the pressure 
respirator and high levels of PEEP. 

Finally, I agree with Dr. Lozman’s interpretation of the correla- 
tion of left atrial pressure and wedge pressure. For higher levels 
of PEEP (10 cm of H,O), the mean airway pressure may rise sig- 
nificantly above the baseline value, so I would expect the wedge 
pressure to reflect mean airway pressure rather than left atrial 
pressure for increasing levels of PEEP. As Dr. Lozman com- 
mented, this also may decrease the coronary bleod flow through 
the coronary sinus and cause failure in the left ventricle. Iatro- 
genic differences could be induced by the catheter placement also. 

Dr. Lozman’s work again demonstrates that one should be care- 
ful in utilizing PEEP under various circumstances, and that if one 
does use PEEP as shown in our own laboratory work, one should 
use it with a volume respirator to allow adequate alveolar ventila- 
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tion. One should know the tool he is working with, especially under 
the cireumstance where the critically ill patient is involved. 

Lawrence G. Ham?son, MD. Montreal: I did have an opportu- 
nity to read the paper, which was so ably presented by Dr. Loz- 
man, and it is a real contribution. 

As Dr. Toussaint has shown, we must question the value of cen- 
tral venous pressure measurements in certain situations. Proba- 
bly the important point is that we must also question wedge pres- 
sure measurements in certain situations, and these situations, of 
course, are with high levels of PEEP. 

Of equal importance are the very interesting mechanical aber- 
rations in the functions of the Swan-Ganz catheter that Dr. Loz- 
man has pointed out to us. Possibly he could enlighten us more 
fullyon how we can avoid the complication of the catheter imping- 
ing on the vessel wall so that the pressures are, in fact, not 
reliable. 

I have one question for Dr. Lozman. The authors postulated 
that cardiac failure in their patients with high levels of PEEP and 
high left atrial pressure was on the basis of a pressure effect on 
the coronary vessels. I am sure they have considered this, but I 
wonder whether they could comment on the possible effect of in- 
creased pressures having a tamponade effect on the heart, in- 
ereasing left atrial pressure through an increase in end diastolic 
pressure in the ventricle. 

Warts R. Wess, MD, Syracuse, NY: We have again seen an ex- 
cellent example of how it is necessary, if you are going to use a 
gadget, to be smarter than the gadget. Dr. Powers and his group 
have demonstrated to us that there are defects in the utilization of 
the Swan-Ganz cathetar. With inflation of the balloon it gets im- 
pinged against the vessel wall. If the wedge pressure is not func- 
tional, we use the pulmonary artery diastolic pressure and do not 
bother ordinarily witk inflating the balloon in order to get the 
wedge. For clinical purposes this is about as good as the wedge. 
For experimental purposes, perhaps you will want something a 
little better. 

Also. there is anothe> mechanical problem that was alluded to in 
their presentation, and that is the utilization of the left atrial 
catheter. They spoke of a diastclic brief burst of pressure to 107 
mm Hg or soin one of zheir patients. Having used left atrial pres- 
sure limes hundreds of times postoperatively, we frequently have 
seen this, but only when the catheter gets caught in the mitral 
valve or close to the mitral valve. We feel this is an artifact in 
measurement and not a true reflection of pressure in the left 
atrium at that time. 

When they speak of heart failure developing, I wonder if they 
woulditell us if they had a true left ventricle end diastolic pressure 
measured at the same time, and whether this would represent 
heart failure. Cardiac tamponade up to 15 em H,O would not pro- 
duce heart failure, as stated. 

I would like to comment on vo_ume respirators versus pressure 
respirators. If you use them in the same way with the same vol- 
ume, with essentially the same pressure and pressure curves, 
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there is no difference. If you use just the ordinary commercial 
models, pressure respirators handle the volume of air that is deliv- 
ered with a totally different pressure curve and in a totally differ- 
ent manner, and therefore you are comparing apples and oranges. 
To say volume versus pressure is not enough. There are other fac- 
tors that will determine what will happen to the pressure within 
the chest and cardiac output and flow across the pulmonary arte- 
rial system, 

Dr. LozMan: I wish to thank the discussants for their compli- 
mentary, supportive, and interesting remarks. Turning first to Dr. 
Webb’s remarks about the pulmonary artery end diastolic pres- 
sure, this has been found to be a good measurement of left atrial 
pressure in patients with normal pulmonary functions. However, 
the patients in our trauma room generally have the respiratory 
distress syndrome, and we have found a poor correlation between 
these two pressures. This poor correlation was also found in the 
five open heart surgery patients who, in most cases, had signifi- 
cant pulmonary disease. 

I would emphasize that the wedge pressure, even in patients 
with pulmonary disease at 0 and at low levels of PEEP, is a good 
reflection of left atrial pressure and should continue to be used 
with confidence. 

Dr. Webb asked whether or not the left atrial cannula might 
have slipped out of its original position. These were placed in- 
traoperatively into the left atrium from the pulmonary vein. They 
could not have dislodged the distance required to pass through the 
mitral valve. 

Dr. Hampson raised the question of whether or not cardiac tam- 
ponade could have explained the onset of heart failure. We were 
measuring not only absolute left atrial pressure, but also net left 
atrial pressure, which would decrease in cardiac tamponade and 
not increase as we saw. 


The mechanical problems have at times been evident as the bal- 


loon was inflated. A change in the pressure can sometimes be seen, 
which allows the error to be detected, but unfortunately not 
always. 

Dr. Leonard asked whether or not we have used pressure and 
volume respirators. Our trauma room is designed for patients 
with respiratory distress syndrome, who require volume respira- 
tors, so we have made no comparisons. 

Dr. Leonard commented that perhaps our decrease in the car- 
diac index associated with the elevations in PEEP may be related 
to the rise in the intrathoracic pressure. We have found that the 
decreases in the cardiac index with PEEP may be related to 
changes in the PVR. As the levels of PEEP were raised from zero 
to 5 em H,O, in three out of five patients the PVR did not increase 
but decreased. In going to 10 em H,O PEEP, the PVR continued to 
decrease in the one patient who had the most severe pulmonary 
disease prior to surgery. However, at 15 cm H.O PEEP, the PVR 
increased significantly in all our patients to very high levels, when 
cardiac index was at its lowest. =) ae 
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The Eichelter Catheter 


Further Experience 


William K. Major, Jr., MD; Richard W. Williams, MD; Worthington G. Schenk, Jr., MD 


A retrospective analysis was performed on 40 critically ill patients 
with evidence of pulmonary embolism in whom Eichelter catheters 
had been inserted for prevention of further embolism. All patients 
were poor candidates for inferior vena cava ligation and heparin was 
either contraindicated or ineffective. The mortality of 38% reflected 
the severity of illness in this group. Although the complication rate 
was high (48%), the procedure was not associated with loss of life or 
limb and embolism did not recur. The Eichelter catheter is a safe and 
effective means of preventing pulmonary embolism in patients in 
whom anticoagulation and inferior vena cava ligation are contraindi- 
cated. 


n 1970, early experience with the use of the Eichelter 
catheter for treatment of pulmonary embolism was 
presented.’ It was noted that those patients selected for 
catheter placement were either too ill to tolerate vena 
cava ligation or anticoagulation was contraindicated or 
inadequate. The high mortality of 80% (eight of ten pa- 
tients) reflected the severity of illness in this group, but 
there were no deaths attributable to the catheter itself or 
to recurrent embolism. This intracaval device has been 
used in additional critically ill patients with evidence of 
pulmonary embolism in whom anticoagulation or vena 
cava ligation could not be done. 


Patients and Methods 


A retrospective analysis was carried out on 40 patients in whom 
the Kichelter catheter had been inserted from June 1970 through 
February 1974. These devices were inserted by the resident staff 
of the E. J. Meyer Memorial Hospital and by university-associated 
attending staff of several Buffalo hospitals. In all cases, the pa- 
tients were believed to be poor candidates for inferior vena cava 
ligation and heparin was either contraindicated or embolization 
had occurred in spite of heparin therapy. 
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Mortality and complication data were gathered from patient 
records in all cases and from autopsy records when available. Ef- 
fectiveness of the catheter was determined on the basis of patient 
survival and freedom from further episodes of pulmonary embo- 
lism. In those patients who eventually died, the catheter was 
thought to be effective if the clinical measurements by which the 
diagnosis of pulmonary embolism was originally made showed im- 
provement and embolism did not recur. “Possible recurrent embo- 
lism” was evaluated by careful study of available records, but 
much reliance was placed on the final impression of the primary 
physician. Lung scans that showed perfusion defects without cor- 
responding roentgenographic lesions were taken as diagnostic of 
pulmonary embolism. Confirmation of pulmonary embolism was 
frequently difficult in this critically ill group, but 22 patients had 
abnormal lung scans. The remaining 18 patients had no pre- 
mortem confirmation of pulmonary embolism except by clinical 
diagnosis. 


End of Eichelter catheter unopened (left) and opened (right). 
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Tae technique ef insertien of the Eichelter catheter has been diac disease, there were seven deaths for a 41% mortality. 
prewoushy reported. Briefly the saphenous vern 18s utilized to pass In the three patients whose primary disease was pulmo- 
the -atheter 4 to 6 em proximal to the iliocaval junction that is lo- nary, two died. Of seven trauma patients, two died (29% 
cated and measured by first passing a large venous Fogarty cath- mortality). The remaining four deaths occurred in a group 


eter (Newer catheters are radiopaque and can be accurately i : ; ; : 
placed with roentgenographic assistance.) The umbrella is opened of 13 patients with various diagnoses : Eight of the 15 pa- 
tients who died had two or more primary diseases. 


(Figure), the-excess cathetes is cut off, and the stump is buried in : 
the wound. It is preferable to do the procedure in the operating There were no deaths as a result of the use of the Ei- 
room, but it has beer done 2lsawhere. chelter catheter, and sudden fatal embolism did not occur. 


Autopsies were done in ten of 15 patients. In three of the 
four patients with anatomic evidence of pulmonary embo- 

There were 25 men and 15 women in the group, with lism, the catheter had been placed four, seven, and 20 days 
ages ranging frem 21 tc 87 years. The mean age was 60 prior to death and the embolism was thought to be present 
years, with a median of 53 years. prior to catheterization. Another patient with the catheter 

Data pertaining to mortality in the series are shown in in place had minor pulmonary embolism at autopsy. In 
the Table. There were 1% deaths in the group for a 38% this patient there were no iliocaval thrombi, but biven- 


Results 


mortality. The median age and sex incidence was not re- tricular mural thrombi were present. 
marably differeat from tke total group, but mean age Twenty-six complications occurred in 19 patients. The 
was slightly greater, 65.6 years. Of 17 patients with car- patient complication rate was 48%. No complications re- 









Fifteen Mortalities 


















Days 
Catheter Complications Autopsy 
Patient Age, yr/Sex Cause of Death in Place of Catheter Findings 
1 87 /F Rheumatic heart disease 4 Venous congestion of leg Recent pulmonary em- 
and multiple myeloma bolism and thrombosis 
of both iliac veins 
2 77 /F Arteriosclerotic heart 20 None Insignificant pulmo- 
disease and diabetes nary embolism and 
mellitus thrombosis of left 
iliac vein 
3 G2;/F Arteriosclerotic heart 1 None No autopsy 


disease and pulmonary 
embolism / 


4 75/M Arteriosclerotic heart 18 Wound infection No autopsy 
disease and ventricular 






aneurysm 




















5 E9/M Bleeding esophageal 12 Venous congestion of leg No autopsy 
varices and pulmonary 
embolism 
6 Gl /M Multiple myocardial in- T2” Venous congestion of leg Pulmonary embolism 
farctions and chronic and iliac vein throm- 
brain syndrome bosis 
cs 74/M Myocardial infarction and 36 Transient venous conges- No autopsy 
chronic renal failure tion of leg 
8 73/M Fractured hip 41 Questionable recurrent No autopsyt 
pulmonary embolism 
9 72/M Carcinoma of lung, post- <l Perforation of inferior No pulmonary 
pneumonectomy vena cava embolism 
jao) 21/M Multiple trauma 70 None No pulmonary 
embolism 
nm €/M Carcinoma of esophagus, 28t Wound infection requir- No pulmonary 
postesophagectomy ing catheter removal embolism 
E 6&4/F Congestive heart failure 2 Catheter misplaced in Mural thrombi and 
and pulmonary embo- iliac vein small pulmonary 
lism emboli 
3 70/F Diabetes mellitus and <1 None No pulmonary 
peripheral vascular dis- embolism 
ease 
14 68/M Pulmonary emphysema 5 Catheter misplaced Inferior vena cava pat- 
above renal veins ent; pulmonary in- 
farction with abscess 
iS 46/F Cerebrovascular accident 7 Wound infection No autopsy 






and diabetes mellitus 


* Cetheter removed one month prior to death. 
+ Patient had cerebrovascular-accident and died. 
+ Catheter removed one weekgprior to death. 
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sulted in death. Six patients had more than one complica- 
tion. 

The catheter was placed in the wrong position five 
times. In two patients the catheter was placed above the 
renal veins, and in both cases the vena cava and renal 
veins were patent as confirmed at surgery and autopsy, 
respectively. In three other patients, the catheter was 
positioned in the iliac vein. 

There were two patients with miscellaneous complica- 
tions. One patient was noted at autopsy to have a perfora- 
tion of the vena cava with an intimal hematoma, but no 
retroperitoneal or free peritoneal blood was present. This 
was an error in technique, but did not cause the death of 
the patient. This patient died the day of catheterization 
from progressive respiratory failure secondary to carci- 
noma of the lung. Another patient had several complica- 
tions including erosion of the catheter through the skin, 
followed by wound infection and inability to remove the 
catheter completely. 

Venous congestion in the legs appeared either bilat- 
erally or on the side of the Hichelter catheter in nine pa- 
tients. Three patients died, three have no residual swell- 
ing, and three have persistent edema. Of 18 survivors in 
whom the catheter was left in place, three have perma- 
nent or intermittent swelling for an incidence of 17% with 
persistent leg swelling. Two of these patients had had pre- 
vious thrombophlebitis and phlebography showed patency 
of the inferior vena cava in one and occlusion in the other. 
Phlegmasia cerulea dolens occurred in another patient 
three weeks after catheter insertion and was managed by 
removal of the catheter in the opened position and venous 
thrombectomy using Fogarty catheters. Vena cava liga- 
tion was not done and the patient has done well, 

Wound infection occurred in six patients. The infections 
were serious enough to require removal of the catheter in 
two patients, both of whom had pulmonary sepsis at time 
of catheter placement. Inferior vena cava ligation was not 
done at the time of catheter removal in either patient. 
One patient died due to pulmonary sepsis with no evi- 
dence of pulmonary embolism. The other patient had re- 
current pulmonary embolism, confirmed by lung scan, that 
occurred three weeks after catheter removal. Inferior 
vena cava ligation was then performed, and the patient is 
alive and well. 

Thirty-one of the Eichelter catheters were left in place 
permanently and nine removed. Two catheters were re- 
moved because of wound infection and have been previ- 
ously described. Of the seven patients who underwent 
elective catheter removal, four had concomitant vena cava 
ligation or plication and have done well. Four patients had 
simple removal of the catheter without vena cava inter- 
ruption, and one of these patients died of recurrent mas- 
sive pulmonary embolism one month later. Of those pa- 
tients with catheters left in place permanently, three had 
attempted or partial removal of the intracaval device. In 
one of these, fracture at the level of the umbrella occurred 
and a portion of the device was retained in the vena cava 
wall. Vena cava ligation proximal to the umbrella was per- 
formed in this patient. In the other two patients, the cath- 
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eters could not be pulled out and were left in situ. In these 
three patients the catheter had been in place long periods 
of time—three, four, and nine months, respectively. These 
three retained catheters caused no complications. All nine 
catheters that were removed successfully were removed 
within one month of insertion. In 18 of the 25 survivors, 
the catheters have been left in permanently without seri- 
ous disability. 

In ten of the 40 patients, catheter effectiveness could 
not be determined. Two patients died the same day the 
catheter was inserted and embolism was not found at au- 
topsy, representing errors in diagnosis. Four patients with 
severe associated disease died despite the use of the cathe- 
ter, and at autopsy embolism was present in three, but it 
probably originated from ventricular mural thrombi in 
one and antedated Eichelter catheter placement in the 
others. The fourth patient had no postmortem examina- 
tion. Four patients possibly had recurrent embolism based 
on clinical impression only. Two of these patients im- 
proved and were discharged without further treatment. 
One died and no autopsy was done. The other patient died 
20 days after catheter insertion. At autopsy, pulmonary 
embolism was present in the lower lobe branch of the 
right pulmonary artery with a small well-established in- 
farct. The catheter was clinically effective in 20 of 22 pa- 
tients who had abnormal lung scans preoperatively. This 
is 91% effectiveness in preventing recurrent embolism. 


Comment 


Despite the efforts of many groups to improve the treat- 
ment and prophylaxis of venous thromboembolism, mor- 
tality remains high. This is partly due to difficulty in rec- 
ognizing venous thrombosis and pulmonary embolism and 
delay in instituting adequate treatment before death. 
Fewer than 55% of patients who die of pulmonary embo- 
lism have recognized venous thrombosis premortem,?:* and 
fewer than 50% of all pulmonary emboli found at autopsy 
are suspected prior to death.‘ In a prospective study by 
Dale and Lewis,’ six of ten deaths due to pulmonary em- 
bolism occurred before any treatment could be started. 
Should a postoperative patient survive an initial embolus, 
without specific treatment there is a 30.5% chance of re- 
current embolism and over half will be fatal.’ 

When the diagnosis of venous thrombosis or pulmonary 
embolism is made, anticoagulation and inferior vena cava 
ligation are the chief therapeutic modalities. Heparin, 
however, is contraindicated in 10% of patients’ and a small 
but significant number will develop embolism or major 
bleeding during the course of treatment. Heparin does not 
dissolve organized clots and may be insufficient prophy- 
laxis against further fatal embolization. Under these cir- 
cumstances, vena cava ligation or plication is to be consid- 
ered. An operative mortality of 4% to 5%*° in suitable 
candidates is acceptable, but in patients with significant 
heart disease or critical illness it is unacceptably high’: 
(30%). 

In severely ill patients, the Eichelter catheter is an ex- 
tremely valuable aid in management. Our mortality of 
38% reflects the severity of illness in this group and is 
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comparable to other reported series using intracaval de- 
vices. No death occurree as a result of using the catheter. 
The complicatien rate was high (48%) but no complication 
resulted in loss o life or limb. All serious complications 
were successfully managed, except those in which the 
catheters could not be cempletely removed, having been in 
place three, four, and nne months prior to attempted re- 
moval. No patient had demonstrable recurrent embolism 
while the satheter was in place, although this was sus- 
peeted in four patients two of whom improved and left 
the hospital without further treatment or investigation. 
Three surviving patien kave persistent leg swelling, but 
none are disabied. 

Dislodgment of clots as a result of inserting the cathe- 
ter into the iliecaval system with subsequent pulmonary 
embolism has mot been a recognized complication in our 
experience 

It was asurprising fact that 72% of our survivors (18 of 
25 patients) had their catheters left in permanently. Our 
original insent was to use the Eichelter catheter as a tem- 
porizing measure until the patient’s condition permitted 
vena cava ligation. However, several patients refused 
catheter removal and it was impossible to remove the de- 
vice in others. In these patients no adverse effects of 
permanent indwelling “oreign bodies were noted. These 
catheters may be anabgous to transvenous pacemaker 
electrodes that can be Eft in situ indefinitely. Therefore, 
many poor-risk patients whose general condition has im- 
proved have had their catheters left in place permanently 
rather thaa risk inferia@r vena cava ligation. 


Conclusions 


Based or our clinical and experimental" studies, the 
following conclusions ard recommendations can be made: 

L The Fiche ter catheter is an effective intracaval de- 
vice in preventing pulmorary embolism. 

2. When possible, ancicoagulation should be continued 
as prophylaxis against ‘urther deep venous thrombosis. 

8. Removal cf the ca~heter within four weeks of inser- 
tion may ooviate certaia complications, for example, diffi- 
cult or impossible remeval, focus for blood-borne sepsis, 
and erosion of the cathecer through the skin. However, the 
indwelling catheter is well tolerated. 

å. The decision to incerrupt the inferior vena cava at 
the time of catheter removal should be based on prior his- 
tory of venous disease. presence of thrombophlebitis, or 
phiebographic evidence of thrombosis. 

5. Certain embolism-prene patients in whom anticoagu- 
lation is centraindicatel may be candidates for prophy- 
lactic temporary insertion of Eichelter catheters. 


This investization was supperted in part by Public Health Service grant- 
in-aid GM-15758. 
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Discussion 


K. Mosin-Uppin, MD, Lexington, Ky: I would like to have seen 
photographs of the Eichelter catheters that were left in place in 
the inferior vena cava for some time. That would have given us 
some impression of the situation locally: how much thrombosis 
was forming and what was happening to the catheter. 

Transvenous interruption of the inferior vena cava by the um- 
brella filter has been in general clinical use since January 1970. 
Initially, this procedure was used in only poor-risk patients for 
whom surgical ligation or plication would have carried a higher 
operative risk. A large number of physicians who have gained ex- 
perience with this procedure are now using it as a method of 
choice. 

The technique of umbrella filter insertion is important. Under 
local anesthesia, the catheter is inserted via the right internal 
jugular vein into the inferior vena cava below the renal veins. The 
umbrella is ejected at the level of the disk between L-3 and L-4 
vertebrae. The catheter is then removed. An inferior vena ca- 
vogram made before the umbrella insertion is a very valuable ad- 
junct. It demonstrates the level of renal veins, and the size of the 
inferior vena cava, and it may reveal any unsuspected anatomical 
abnormalities of the inferior vena cava. 

In patients suspected of having pulmonary emboli, we always 
confirm the diagnosis by pulmonary angiography. If the angio- 
grams are abnormal, then phlebograms are performed to deter- 
mine the extent of residual venous thrombi. Phlebography has not 
been widely used in the past, largely because of technical prob- 
lems and questions of interpretation. However, phiebography as 
taught to us by Dr. DeWeese and others, has come of age and 
there now seems sufficient experience with this technique to war- 
rant its use in selected patients with pulmonary embolism. A 
fresh, nonadherent thrombus appears as a radiolucent defect 
within the vein with the contrast medium lining the vein wall. It is 
our practice to recommend inferior vena cava interruption by the 
umbrella filter as an adjunct to anticoagulant therapy in those pa- 
tients who have fresh, large, nonadherent, potentially fatal 
thrombi in the iliofemoral veins. 

The total national experience with the umbrella filter, as re- 
ported by the physicians, is that the umbrella filter has been im- 
planted in 2,267 patients. Filter migration occurred in 1.2%; 3.4% 
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had recurrent emboli; 5.1% developed new clinical edema; and 1.5% 
experienced phlebitis. 

In the patients in whom filter migration occurred, the filter 
lodged in a main branch of the pulmonary artery in 16 patients, in 
the right ventricle in three, in the right atrium in four, and in the 
suprarenal inferior vena cava in four patients. 

The patients in whom the filter migrated along with a massive 
thrombus died from pulmonary embolism. The remaining mi- 
grated filters have been removed electively, except those in the 
suprarenal inferior vena cava, which have been left in place. As 
physicians have gained experience with the use of umbrella proce- 
dure, the complication rate has substantially reduced. 

JAMES A. HUNTER, MD, Chicago: We commend the authors for 
focusing attention on the truth that some patients have indication 
for inferior vena cava occlusion and yet cannot tolerate general 
anesthesia and surgical trauma. In a series of patients we have 
applied a technique that predictably obstructs the inferior vena 
cava with a balloon in the awake patient, without surgical trauma. 
If no contraindication exists, occlusion is done while the patient is 
fully anticoagulated. 

The balloon is placed transjugular, avoiding clots potentially 
present in the iliac veins. The catheter that delivers the balloon is 
equipped with ports for phlebography as well as balloon inflation. 
This permits accurate definition of the anatomy and precise bal- 
loon placement. The balloon inflates to any size and caval configu- 
ration, and depends on lateral pressure on the venous wall for se- 
cure fixation. 

After the catheter has been placed from above, a phlebogram is 
done. The balloon is then inflated until firmly fixed and the insert- 
ing catheter is removed. 

Over the course of six months the balloon gradually deflates, 
leaving the core secure in the occluding scar, and the inferior vena 
cava permanently obstructed. 

_ An autopsy examination performed six months after balloon oc- 
clusion in a patient who died of cancer showed the favorable ap- 
pearing final result. The end result was not different from that ac- 
complished by the traditional ligature. The opened inferior vena 
cava was nicely healed above the scar-encased and collapsed 
balloon. 

A lengthy list of the advantages of this technique can be made. 
I will mention only three: (1) The inferior vena cava can be oc- 
cluded with the same ultimate result as with the time-honored 
ligature, but avoiding the surgical and anesthetic trauma. (2) The 
ability to perform venous interruption without stopping the anti- 
coagulants is very desirable. (3) The balloon, by its design, atrau- 
matically fits any size cava and then, as its mass is lost through 
slow collapse, the core remains secure in the occluding scar. This 
fact, plus the absence of sharp edges, makes late migration very 
unlikely. 

Marion S. DEWEEsE, MD, Columbia, Mo: I congratulate the au- 
thors on a very nice study and for their pioneering contributions 
in the transvenous methodology for effecting caval interruption. 

I think they are on the right track, and that the transvenous 
methods are the way of the future. They offer the obvious advan- 
tage of being applicable in patients who are too ill to withstand a 
transabdominal operation. It is safe to say also that, unlike in- 
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trauterine devices, we do not have a commonly accepted trans- 
venous method as yet that is uniformly successful in preventing 
unwanted strangers from getting into the pulmonary arterial cir- 
culation! 

There are theoretical advantages of the method that has been 
presented by Dr. Major and his colleagues, aside from the fact 
that it can be used in seriously ill patients. The second (and I do 
not make too strong a case for this) is their original concept of 
being able to remove the filter. The fact that these catheters have 
been tolerated for prolonged periods of time and then removed is 
certainly commendable, but most of us would have some concern 
about leaving this bulky an appliance in the vena cava indefinitely 
and still hope for caval patency. 

Also, the end point for removal is somewhat uncertain and neb- 
ulous. As is true in deciding on the appropriate time for dis- 
continuing anticoagulant therapy, the time at which such a device 
might be removed safely is uncertain. I think most of us would 
prefer to rely on a permanent filter device that would remain in 
place indefinitely. 

A theoretical disadvantage of this procedure and of the other 
transvenous methods is that the ovarian and spermatic veins are 
not protected. One patient is presented in this study in whom the 
filter was placed inadvertently above the renal veins, and the pa- 
tient did well with continued patency of the filter. We need to look 
more critically at deliberate supravenous placement of the devices 
in some selected patients. 

The introduction of the device through the saphenous vein may 
have some theoretical disadvantages too, particularly if there is 
thrombophlebitis in the distal areas of the extremities. 

As a final point, I think the authors are a little inconsistent in 
relying on a partial interruption technique during the acute phase 
when the heat is really on and then advising caval ligation when 
the acute phase is over. We would prefer a caval filter during both 
phases in most patients. 

Dr. SCHENK: I wish to thank the various discussants for contrib- 
uting to this paper. The extent of the discussion is evidence of the 
fact that the problem has not yet disappeared. We make no claim 
that our device is ideal. We know it is not. As a matter of fact, we 
unfortunately have to continue to make these devices ourselves in 
our own laboratory because of an early head-on conflict with the 
Food and Drug Administration which made it impossible for us to 
get a commercial concern to improve the device in the way we 
would have preferred. 

However, the principle of the insertion of such an intracaval de- 
vice seems worth further pursuit. That is, it does enable protec- 
tion with a minimal operation and, as Dr. DeWeese pointed out, it 
does permit the potential for continued caval patency by removal 
of the device after the embolism-prone period has passed. 

I think we have been convinced now that the safety of this de- 
vice is at such a level that we can now pursue a prospective study, 
and Dr. Major has proposed just such a study of the perspective 
randomized placement of the device probably in fractured hip pa- 
tients in whom we know there is a very high incidence of fatal pul- 
monary embolism. Perhaps in a year or two we can come back and 
tell you whether the device does indeed have prophylactic value 
and will preserve caval patency. 
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Are Consumer Products Dangerous? 


Richard W. Williams, MD; Gerard P. Burns, MD; Worthington G. Schenk, Jr., MD 


Hazardous products must be identified and eliminated to reduce 
the number of accidents. Tc conduct ongoing surveillance of the 
problem, the Food anc Drug Administration has set up manageable 
definitions of consumer procucts. Using these definitions, the au- 
thors recorded 2,800 cases of consumer product-related injuries 
seen in the emergency room ef a large county hospital during 1972. 
They represented 5% of all emergency room visits. The majority of 
the injuries associated with tre defined products were minor in na- 
ture and confined te the extremities. Most (45%) were lacerations. 
Only 1% of the patients required hospital admission, almost half be- 
cause of maior fractures. There were no deaths. Although certain 
hazardous products such as stairs and bicycles would be difficult to 
modify or eliminate,-continuing investigation with pooling of results 
_ at the national level is essential groundwork on which to build future 
consumer protection. 


sj: pe is a major cause of death and morbidity in 
the United States. Many injuries are related to the 
use of consumer preducts. In order to reduce the number 
and severity of accidental injuries, hazardous consumer 
products must be identifed. Data must be collected re- 
garding the manner in which the products caused these in- 
juries and how such accidents can be prevented. 

The National Electronic Injury Surveillance System 
(NEISS) was formed in 1970 and is now part of the Office 
of Product Safety of the Food and Drug Administration 
(FDA) with headquarters in Bethesda, Md. The NEISS 
eollects infermation about consumer product-related in- 
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juries from 119 hospital emergency rooms selected at ran- 
dom throughout the country. Through the use of comput- 
ers, NEISS provides rapid transmission and processing of 
data. Daily reporting enables the bureau to monitor 
trends in product-related injuries. 


Materials and Methods 


All accidental product-related injuries and fatalities (except in- 
dustrial and traffic accidents) were reported daily on a standard 
coding form. The primary interest centered around injuries asso- 
ciated with consumer products used at home or for outdoor recrea- 
tional purposes. The coding clerks in the hospital were instructed 
not to determine whether the product was at fault. If a consumer 
product was associated with the injury, it was reported. A coding 
manual was issued to each hospital with instructions for filling in 
the standard form. No revisits for the same injury were recorded 
if it had been previously coded. The standard form contained the 
hospital record number, age, sex, diagnosis, body part involved, 
disposition of patient, product code number, second product code 
number (if needed), place of injury, and other remarks. 

There were 24 general product categories listed including, for 
example, general household appliances, yard, garden, sports, and 
recreational equipment. 

Certain injuries were excluded from reporting such as (1) motor 
vehicle accidents; (2) suicide attempts, assault, drug abuse, or al- 
coholism; (3) industrial and occupational injuries occurring at the 
place of employment; (4) injuries where no product was involved, 
ie, “fell on the ground” or “hit by a rock”; (5) animal and insect 
bites; (6) injuries associated with a live plant, tree, or shrub; and 
(7) public use equipment or fixtures, ie, vending machines and 
mail boxes. 

The NEISS definition of injury is trauma requiring professional 
medical care or resulting in at least one day of restricted activity. 

The information that was recorded on the above form was later 
typed into a teletypewriter. During the typing, a perforated paper 
tape was automatically punched with the complete data. This per- 
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Table 1.—Age Distribution 







Patients 






Age Group, yr 




























<2 80 3 
2-4 194 7 
5-9 303) "14 
10-14 440 16 
15-19 537 19 
20-24 394 14 
25-34 326 12 
35-44 181 6 
45-54 13) 5 
55-64 93 3 
>65 100 4 
Unknown 1 
Total 





forated tape was then loaded in a special “reader” on the machine. 
During late night hours of low telephone line traffic, a special 
switching device in Washington automatically polled each of the 
hospital-based terminals. This device turned on each remote tele- 
typewriter and read the perforated tape, edited the data for accu- 
racy and completeness, and recorded the data in a computer. 

A complete computer printout was forwarded to the participat- 
ing hospitals with a summary of the cases recorded in the previous 
year. The data indicated that a product was involved in an injury, 
but not necessarily that the product caused the injury. The sub- 
mitted reports were only product-related injuries receiving emer- 
gency room treatment. All such injuries reported in 1972 by the 
Edward J. Meyer Memorial Hospital in Buffalo, NY, were ana- 
lyzed and form the basis for this study. 


Results 


The total number of emergency room visits during 1972 
was 55,039. Product-related injuries reported amounted to 
2,800 cases and accounted for only 5% of the total visits. 
The relatively small number of reported cases is probably 
related to the exclusion of the seven previously mentioned 
categories. Sixty-two percent of the injuries (1,735) occur 
in males, compared with 38% (1,052) in females. Young 
people were much more prone to injury, with 82% of pa- 
tients being under 35 years of age (Table 1). Most of the 
injuries were minor in nature: 99% (2,762) were treated 
and released; 1% (38) were hospitalized. 

Most injuries involved soft tissues only (Table 2), and 
the majority were confined to the skin. Musculoskeletal 
trauma accounted for 27% of injuries. In the category of 
“other” injuries are included such internal injuries as acci- 
dental ingestion of poisons. 

The anatomical location of injuries was analyzed and 
the results are given in Table 3. Most injuries were found 
to involve the extremities (68%). In the vast majority of 
patients the injuries were single, and the few in whom 
multiple lesions occurred are included in “other” sites. 

When the injuries were categorized by type of product, 
the largest group (16%) occurred in association with team 
sports or related equipment (Table 4). Of all 445 sports in- 
juries, 152 (34%) occurred in basketball and 141 (32%) in 
football. Most basketball injuries were strains and sprains 
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Table 2.—Classification of Injuries 


Patients 


Type of Injury No. % 
Laceration 1,256 45 


Strain/sprain 566 20 
Contusion/abrasion/hematoma 400 14 
Puncture wound 211 8 
Fracture/dislocation 191 7 


Burn 115 4 
Other 61 2 
Total 2,800 100 


Table 3.—Distribution of Injuries by Body Site 


Patients 


Site XS % 
Hand/fingers 30 
Head/face/mouth/ear/neck 20 
Thigh /leg 16 
Foot/toes 13 
Arm/forearm 








Table 4.—Average Age and Frequency of 
Injury Related to Life of Product 


SL 

























Patients Average 
er ry Age of 
Product No. A Patients, yr 
Team sports and equipment 445 16 18 
Kitchen equipment 297 11 41 
Recreational equipment 279 10 15 
Stairs/ramps/landings 241 9 30 
Glass containers 214 8 21 
Home furnishings 176 6 19 
Household items 157 6 20 
Architectural glass 140 5 24 
Nails /tacks/screws 137 5 22 
Workshop tools 117 4 29 
Floors and carpeting 93 3 36 
Yard and garden 90 3 19 
Motor vehicle equipment 79 3 24 
Beds and bedding 58 2 28 
General household appliances 55 2 21 
Doors 55 2 20 
Space heating and ventilating 35 1 18 
Toys and games 28 1 16 
Bathroom appliances 22 1 18 
Nursery furnishings 13 =. 14 






Miscellaneous 





Consumer Products/ Williams et al 


and no one was hospitalized. In football, fractures and dis- 
locations were three times as frequent as in basketball 
and accounted for 20% of injuries. Two football injuries 
required hospitalization. Two additional sports-related in- 
juries required admission to hospital. 

The next largest group of injuries was related to the use 
of kitchen equipment and accounted for 11% of the entire 
series. Knives were responsible for 113 (88%) of kitchen 
accidents. Heating utensils containing hot liquids were 
the next most eommon cause of kitchen injuries. It was in- 
teresting that males were affected almost as often as fe- 
males (M:F = 46:54). Of the injuries related to recreational 
products, 112 (40%) were related to bicycle use and most 
(69%) occurred in children under 15 years of age. Nearly 
twice as many meles as females suffered bicycle injuries, 
and two teenage patients required hospitalization. Winter 
recreation accounted for 58 (21%) of the injuries and half 
of these resulted from skiing. Only four snowmobile in- 
juries occurred, and all were minor. Ice skating was re- 
sponsible for one in four of the winter injuries. The re- 
maining recreational injuries occurred in picnic, 
playground, and swimming pool accidents. 

Stairs produced the single largest group of injuries, and 
accounted for almost 20% of the hospitalizations. Although 
the average age of the injured was 30 years, the seven ad- 
mitted for hospitalization had an average age of 61 years. 
Five patients were admitted for fractures and two for 
head injuries. 

Lacerations due to glass occurred in 8% of the series. 
Two thirds of these wounded were young people. Three 
patients aged 7, 13, and 62 were hospitalized. 

Home furnishirgs produced a substantial number of 
-soft tissue injuries. Of these 35% occurred below the age of 
5 years. Most injuries in children were received by falls 
against low coffee or cocktail tables. No serious injuries 
were recorded. Ordinary household items causing injuries 
inctuded razors, pens and pencils, and pins and needles. 
These sharp objects producted almost half the injuries in 
this category. The only serious injuries were accidental 
poisoning, which hospitalized two children both under 2 
years of age. 

The lacerations and puncture wounds from architectural 
glass, nails, and screws were all minor, as were the in- 
juries resulting from workshop tools. The most common 
offender in the last group was the hammer, rather than 
the power tool. 

Although floors and carpeting caused injuries in only 
3%, the result was often serious in the elderly. Five pa- 
tients were hospitalized (average age, 73) for four major 
fractures and one extensive laceration. 

Accidents in the yard and garden were caused by fences 
in 36% ef patients and by walls and patios in 20%. There 
were only four pcwer mower injuries, all of which were 
minor. Of the five snowthrower injuries, only one with an 
extensive laceration of the leg required admission. 

The remaining injuries amounting to 14% of the total 
comprised a number of smaller subgroups. Motor vehicle 
injuries were usually due to owner servicing. Beds and 
bedding were responsible for a number of serious injuries 
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including five fractures, 11 sprains, and three admissions 
to hospital. Surprisingly, two of the admissions were for 
elderly patients, 66 and 80 years of age, who had fallen out 
of upper bunk beds. Of the remaining electrical appli- 
ances, the sunlamp was the biggest offender, producing 
occasional serious burns. Wringer injuries occurred in 
seven patients, five of whom were children under 8 years, 
but fortunately none was serious. 

Hospitalization was required for 38 injuries. When the 
patient’s age was considered, it was noted that 16 patients 
were under age 20 (0 to 10 years, six patients; 11 to 20 
years, ten patients) and another 16 above age 50 (51 to 60 
years, four patients, over 61 years, 12 patients), so that 
relatively few serious injuries occurred between age 20 
and 50 (21 to 30 years, none; 31 to 40 years, three patients; 
41 to 50 years, three patients). Male patients were more 
prone to serious injuries (28) than were females (ten). Al- 
most half the accidents (18 of 38) requiring hospitalization 
were major fractures. The remaining 20 were distributed 
as follows: contusion/abrasion/hematoma, nine; lacer- 
ation, six; poisoning, two; and miscellaneous, three. The 
anatomical distribution of the injuries requiring hospitali- 
zation was trunk (11), lower extremity (11), upper extrem- 
ity (three), head/face/eye (nine), and multiple sites (four). 
Over half the serious injuries were associated with acci- 
dents involving either stairs, floors, or carpeting (12), or 
sports and recreation (nine). The remainder were divided 
among bed and bedding (three), glass containers (three), 
roofs/ladders (two), accidental poisoning (two), and mis- 
cellaneous (seven). 

The impact of product-related injuries on emergency 
room planning and staffing was studied by examining 
both the time of patient arrival and the type of health in- 
surance coverage. Nearly half (49%) the patients arrived 
between 8 AM and 4 pM, and over one third (87%) be- 
tween 4 pM and midnight. The pattern of health insur- 
ance coverage in the injured patients showed a relatively 
high proportion of patients with either welfare coverage 
(27%) or no insurance (11%). Thirty-seven percent had 
Blue Cross, 6% Medicaid, 2% Medicare, 3% workman’s com- 
pensation, and 14% other insurance. 


Comment 


The definition of “product” in the study is slightly con- 
fusing. A product is both a material object as well as a 
related activity, ie, a basketball and the playing of basket- 
ball. One shortcoming readily apparent is how to inter- 
pret, for example, an injury occurring while playing bas- 
ketball. Is the injury related to faulty playing surface, 
footwear, or the lack of conditioning and skill of the play- 
ers? Nevertheless this should not discourage research 
aimed at reducing the number of injuries. 

The total number of product-related injuries in the 
United States is not known. The NEISS estimates that 
only 38% of these injuries are seen in hospital emergency 
rooms, whereas an additional 41% are treated in doctors’ 
offices, 18% in the home, and 3% by direct admission to 
special hospital units such as burn centers. 

During the time of the study, an average emergency 
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room visit at our institution cost $34, making the total cost 
of consumer-product related injuries $84,000. However, 
this figure does not include physicians’ fees, 

In spite of many preconceived ideas, it became apparent 
that the majority of injuries were trivial in nature. There 
was no loss of life or limb, and only 1% of patients were 
hospitalized. One might conclude that some serious in- 
juries were missed by the coding clerks or that many dan- 
gerous products have already been eliminated. This was 
especially apparent in the low number of injuries associ- 
ated with toys, games, and nursery furnishings. 

The serious injuries requiring hospitalization were seen 
in the younger and older age groups. Some factors in- 
volved in these serious injuries are very difficult to control 
such as stairs, floors, carpeting, and fences. Although an 
ideal stair tread may be developed, it may not lower sub- 
stantially the number of accidents occurring because of 
physical impairments of the aged. 

Some items may be made safer by improvements in de- 
sign, for example, timers on all sunlamps, and tamper- 
proof bottle caps. For others, public education is needed to 
decrease the number of injuries. An example of this is 
teaching children bicycle safety rules and discouraging 
people over 60 years of age from sleeping in upper bunk 
beds. 

It is apparent that more data is required to draw atten- 
tion to dangerous products and to eliminate them. These 
data continue to be collected and analyzed by NEISS. As 
specific products are incriminated, it will be possible to 
consider methods of product modification or even elimina- 
tion. The consumer has the right to be alerted to the dan- 
ger of unsafe products or activities. 
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Discussion 


Warp O. GRIFFEN, JR., MD, Lexington, Ky: I congratulate the 
authors on bringing this item to us, and I would like to mention 
one other type of product that is dangerous. 

Last week at our annual meeting of the Kentucky Chapter of 
the American College of Surgeons, William Dowden, MD, one of 
our plastic surgeon residents, in conjunction with Michael Bryant, 
MD, director of plastic surgery, presented a paper entitled “Chain 
Saw Versus the Face: A Hazard of Progress,” in which they de- 
scribed six patients admitted to our hospital after having received 
an injury to the face caused by a chain saw suddenly striking a 
nail or other resistance in its path. 

The point they made very effectively was that whereas the 
trade name of the product used was generally in letters at least an 
inch high, the warning that one should stand so that one’s face is 
not in a direct line with the chain saw was in letters that were less 
than a quarter inch high. 

I think there is a lesson to be learned there: namely, that these 
products can be dangerous, and that we should emphasize the 
warnings as to the hazards and get those in big letters and forget 
about the trade name. 

JAMES S. WILLIAMS, MD, Rochester, NY: I would like to con- 
gratulate Dr. Williams on his fine presentation and the authors 
for bringing this item to us. 

The physician has always been concerned with prophylaxis. 
Their paper puts a new emphasis on the surgeon’s role in identi- 
fying the intrinsic hazards of consumer products. Many of us have 
blithely accepted the vast majority of consumer products as a fact 
of life without a second thought regarding the potential hazards 
they may possess. The authors point out our responsibility in ad- 
vising not only the public but manufacturers and designers of the 
health hazards of these products. 
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Outpatient Breast Biopsy 


Edward C. Saltzstein, MD; Rcbert W. Mann, MD; Thomas Y. Chua, MD; Jerome J. DeCosse, MD 


Hospital charges for inpatients undergoing breast biopsy were 1.9 
times higher than for outpatients. Outpatient biopsy reduced length 
of stay from 2.7 days to 6.3 hours, provided psychological benefits, 
minimally disrupted ‘amily life, and did not compromise medical 
care. 

Substantial unnecessary ~ospital costs resulted from extensive 
preoperative medical evaluation and preparation for possible mastec- 
tomy plus screening for metastases in patients admitted with benign 
disease. 

Sereening studies to detect metastases (bone survey, bone scan, 
liver scam) were performed n 45% of patients with carcinoma. No 
metastases were demonstrated when not suspected clinically. These 
data suggest that time-consuming and expensive screening studies 
for metastatic disease are not warranted. 

A treatment strategy, which includes outpatient biopsy only for 
undiagnosed breast lesions end a specified preoperative assessment 
prior to admission for biopsy-proven breast carcinoma, has been de- 
fined. 


he reeent interest in ambulatory surgical units 
has led to an increased variety of surgical proce- 
dures being performed cn an outpatient basis.: Although 
not generally accepted surgical practice, we believe biopsy 
of the breast is a procedure peculiarly well suited for this 
type of care. Outpatient breast biopsy has been sug- 
gested* for the patient whose mass is not clinically can- 
cerous. Our recent experience with outpatient and in- 
patient breast biepsy was analyzed with specific emphasis 
on quality patient zare and economical delivery of health 
services. On the basis of the results, we have extended 
outpatient breast biopsy to all patients with undiagnosed 
breast lesions. 


Materiais and Methods 


Frem November 1971, thra Dec 31, 1973, 45 patients underwent 
breast biopsy as outpatients in the ambulatory surgery unit at 
Mount Simai Medical Center. Two patients had cancer and were 
subsequently admitted, and three patients were admitted for ob- 
servation of prolongec anestaetic depression. The cost of hospital- 
ization of the remaining 40 vatients was analyzed and compared 
to the cost of hospitalization of a matched series of inpatients un- 
dergeing breast biopsy for benign disease as the sole indication 
for hospitalization. -npatients were selected randomly and 
matched for surgieal procedure. Questionnaires developed to elicit 
physician and patient reaction to the ambulatory surgical unit’ 
were evaluated for ths group cf patients. 

Frem Jan 1, 1971 tc December 31, 1973, 494 patients were ad- 
mitted to the hospital for sargical treatment of breast masses. 
‘These patients were admitted in advance of surgery, not only to 
evaluate the risk of surgery but also to assess metastatic disease 
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preoperatively in order to determine appropriate surgical and fol- 
low-up therapy. Screening studies to detect metastasis comprised 
bone survey, bone scan, and liver scan. Chest roentgenograms and 
automated multiple analysis (chemistry screen) were performed 
on all hospitalized patients. 

Cancer was found in 126 patients, who were classified as having 
or not having symptoms or physical findings of metastatic dis- 
ease. Bone pain, recent weight loss, neurological deficit, hepato- 
megaly, advanced axillary adenopathy, and skin nodules were con- 
sidered as symptoms or physical findings or both suggestive of 
metastatic foci of carcinoma. 

There were no cases of inflammatory carcinoma in the 126 pa- 
tients with cancer, all of whom underwent a mastectomy (simple, 
modified radical, or radical). 


Results 


Hospital charges for inpatients undergoing breast 
biopsy were 1.9 times higher than charges for patients un- 
dergoing breast biopsy on an outpatient basis. As would 
be expected, the room charge represents a substantial por- 
tion of this savings since outpatient breast biopsy reduced 
length of stay from 2.7 days to 6.3 hours. Cost analysis 
also indicated that the mean charges for diagnostic test- 
ing (laboratory and roentgenograms) are substantially 
higher for inpatients (Table 1). 

Patients uniformly endorsed outpatient breast biopsy 
as minimally disrupting to their family or professional life 
or both, and as decreasing their concern over the possi- 
bility of mastectomy. 

There were no wound infections following outpatient 
breast biopsy. There was no increase in the operative risk 
in the appropriately starved, evaluated, and premedicated 
patient.’ 

On the basis of the evaluated criteria, 120 of the 126 pa- 
tients with cancer did not have symptoms or physical find- 
ings suggestive of metastasis. One or more screening 
studies to detect metastases were performed in four out of 
six patients with symptoms or physical evidenee of meta- 
static disease, and were positive in three. Similarly, 
screening studies were performed in 53 out of 120 patients 
without suspected metastases on the basis of an absence of 
symptoms and physical findings. In no patient was a me- 
tastasis demonstrated when not suspected clinically 
(Table 2). The chest roentgenogram indicated metastatic 
disease in three patients. The chemistry screen was non- 
contributory as regards possible metastatic foei. 

At the time of initial biopsy, metastatic disease was 
present (and suspected clinically) in six patients (4.8%). 

Two patients were seen who had skin nodules positive 
for cancer on biopsy, and two were seen who had pleural 
effusions noted on chest roentgenograms that were posi- 
tive for cancer on cytologic examination. Two patients 
suspected of possible metastatic disease had normal 
screening studies, one having hepatomegaly and the other 
advanced axillary adenopathy. 
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Table 1.—Mean Costs for 40 Patients Undergoing Breast Biopsy 


Roent- Total Average 
Operating Recovery geno- Room Mean Length 
Room Room Laboratory grams Anesthesia Drugs Supplies Charge Cost of Stay 
Outpatients $72 $15 $ 59 $8 $22 $ 6 $ 7 $ 58 $247 6.3 hr 


$21 














$29 $15 $181 $479 2.7 days 

















Table 2.—Screening Studies for Patients With or Without Symptoms | 


or Physical Findings of Metastatic Breast Cancer 





No. of patients 


One or more screening tests performed 
Bone survey 
Bone scan 
Liver scan 


Symptoms and/or No Symptoms or 
Physical Findings Physical Findings 
6 120 
4 53 
3 35 
2 24 
4 40 


Ww 


Patients with abnormal screening studies 0 


Four patients had bone scans interpreted as abnormal, 
but not diagnostic of metastatic disease. In each instance, 
on the basis of the total information at hand, the surgeon 
elected to treat the primary tumor with a curative proce- 
dure. Available follow-up to date has not demonstrated 
metastasis in these cases. Bone biopsies were not per- 
formed. 


Comment 


The major purpose of a breast biopsy is to prove the ex- 
istence of or to exclude the possibility of cancer. The ma- 
jor purpose of breast biopsy as an outpatient is to spare 
the unnecessary emotional, physical, social, and financial 
costs of hospitalization peculiar to women with a breast 
mass. 

We have been most impressed with the psychological 
benefits afforded the patient by outpatient surgery of 
breast lesions. Under these circumstances, women do not 
have to arrange for care of their families during a one-to 
two-night hospital stay and, in general, there is little dis- 
ruption of family or professional life. Also, patients who 
go home early do not “feel” that they are sick; rather they 
are encouraged to “feel” well by early discharge, and 
therefore their convalescence is shorter. 

Most important, there is a relative decrease in the con- 
cern over mastectomy. Current practice involves telling a 
patient that a biopsy will be done and that, depending on 
what the pathologist reports while she is asleep, she will 
awaken with or without a breast. The patient with sus- 
pected benign disease must be informed of the possibility 
of mastectomy if she is admitted for “biopsy and possible 
mastectomy.” The fact that a patient signs an operative 
permit for a “possible mastectomy” often erases in her 
mind all the surgeon’s assurances of benignancy. Breast 
biopsy as an outpatient greatly reduced undue mental 
anguish to the informed patient by reducing the number 
of women who must suffer the psychologically traumatic 
anticipation of mastectomy to those with biopsy-proven 
cancer. 

It has been shown repeatedly**-’ that there is no contra- 
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indication to delaying mastectomy several days following 
breast biopsy. The surgeon need not be concerned about 
increasing the likelihood of local recurrence or distant 
spread of tumor by discharging a patient after biopsy, 
and readmitting her one to several days later for mastec- 
tomy after a specified preoperative evaluation of surgical 
risk. On the other hand, we are aware of three instances in 
the past ten years in which the quick section diagnosis of 
the biopsy specimen was “carcinoma,” and the permanent 
sections proved the lesions to be benign. In one case, 
biopsy only was performed. In two, mastectomies for be- 
nign disease were performed. One can only speculate 
about the national incidence of such tragedies. They can 
be avoided by outpatient biopsy only for the undiagnosed 
lesion, and awaiting the permanent sections before pro- 
ceeding to mastectomy. 

There were no wound infections in the outpatient 
biopsy group. There was no increase in the operative risk 
to the appropriately premedicated patient.’ Also, since 
“possible mastectomy” does not need to be scheduled, it is 
often easier to get on the surgical schedule, and therefore 
find a shorter wait for surgery. 

We have previously reported our early experience with 
an ambulatory surgical unit,’ documenting the great sav- 
ings in hospital costs accruing as a result of outpatient 
surgery in general. These statistics, reflecting an initial 
first 15 months’ experience, showed a 70% savings in hos- 
pital costs of patients undergoing breast biopsy as out- 
patients compared to a matched group of inpatients, Our 
current statistics (Table 1) reflect a similar savings, and 
also reflect the current rise in hospital costs. From a cost 
differential standpoint, the important savings is in the 
room charge. Interestingly, there are also substantially 
higher charges for diagnostic testing (laboratory and 
roentgenograms) for inpatients. This, undoubtedly, re- 
flects both the “she’s here; let’s do the tests” syndrome 
and nonflexible hospital regulations regarding basic ad- 
mission testing. The question arises, however, that if tests 
are not indicated as outpatients, are they indicated (and 
therefore ultimately reimbursable) as inpatients? 
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symptoms or physical signs or both. 


(b) Do specified workup to evaluate risk. 


(c) Admit. 


Treatment stracegy for patient with breast mass. 


The only reasons to admit a patient in advance of sur- 
gery fer breast cancer are to evaluate the patient medi- 
cally in order to cetermine relative surgical risk and pre- 
pare for surgery, anc to attempt to identify foci of 
possible distant zumor spread in order to appropriately 
plan intra- ane postoperative therapy. Our retrospective 
analysis of 126patients treated for primary breast cancer 
from Jan 1, 1971 to Dec 31, 1973 indicated that one or more 
screening stud_es to detect metastasis were performed in 
57. In other words, in 54.8% of the patients operated on for 
breast careinoma the surgeon did not believe these screen- 
ing studies provided sufficient information to perform 
them prior to mastectomy. In none of the patients on 
whom screenirg studies were performed was metastatic 
disease demorstrated when not suspected clinically. An 
estimated unnecessary hospital cost of $8,215 resulted 
from the screening studies performed on the 53 patients 
in whem a metastasis was not suspected. There are re- 
ports*~ of abnermal bone scans on asymptomatic patients 
with normal s<eletal roentgenographic series. The use of 
newer racioac ive materials with short half-lives may in- 
crease the accaracy of bene scanning for metastasis, but 
the predietive value of this testing has not been estab- 
lished.* Our deta suggest that these time-consuming and 
expensive screening studies to demonstrate metastatic 
foci are not warrantec until improved methods are devel- 
oped. Thesurgeon can feel comfortable in proceeding with 
masteetomy for primary breast cancer in the otherwise 
asymptomatic patient The chest roentgenogram is not 
considered to de a screening study, but is part of the rou- 
time preodera’iv2 eva uation. Indeed, metastatic disease 
proved by cytolcgie examination of the aspirate of pleu- 
ral fluid accumulations demonstrated on chest roentgen- 
ographic examination occurred in three patients. 

Biopsy revealed benign disease in 368 patients, or 74.5% 
of the tozal series. A large percentage of these patients 
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underwent unnecessary screening studies for metastasis 
and unnecessary extensive medical workups on the possi- 
bility that their breast lesions were malignant. By extrap- 
olation, an estimated unnecessary hospital cost of $81,328 
resulted from the extensive preoperative medical eval- 
uation and preparation for possible mastectomy plus 
screening for possible metastases in these patients. 

Because we can, by performing breast biopsy on an out- 
patient basis, (1) demonstrate a psychological advantage 
(emotional cost), (2) minimally disrupt the family life of 
these patients (social cost), (3) provide less expensive qual- 
ity care medical service (financial cost), and (4) show no al- | 
teration in operative risk or harm in delaying mastectomy 
(physical cost), we have evolved a treatment strategy for 
the patient with a breast mass. This treatment strategy 
includes a biopsy only on an outpatient basis for all un- 
diagnosed lesions and admission to the hospital only for 
those patients with biopsy-proven cancer after a specified 
preoperative assessment has been completed. 

A treatment strategy for the patient with a breast 
mass is outlined in the Figure. The surgeon, on the basis 
of physical findings and roentgenographic evaluation, is 
initially suspicious or not suspicious (with variations) of 
malignancy. If there is a high degree of suspicion, we pro- 
pose a needle biopsy in the office. If the result of the 
needle biopsy is “benign,” the patient is referred to the 
hospital ambulatory surgical unit for biopsy as an out- 
patient; if “malignant,” the patient is admitted to the hos- 
pital for definitive treatment after a specified preopera- 
tive assessment. For those lesions where there is not a 
high degree of suspicion of malignancy, we propose a 
needle aspiration of the mass in the office. If there is fluid 
return and the cyst remains decompressed, no further 
therapy is indicated; if the lesion is solid or there is fluid 
reaccumulation, the patient is referred to the hospital am- 
bulatory surgical unit for biopsy as an outpatient. 
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If, at the time of outpatient excision biopsy, the lesion is 
“benign,” the patient is discharged and no further surgi- 
cal therapy is indicated. If the histological interpretation 
of the specimen from office needle biopsy or outpatient 
biopsy is “malignant,” the patient undergoes a specified 
workup as an outpatient to evaluate surgical risk, and is 
then admitted to the hospital for definitive surgical treat- 
ment. This specified workup, now limited. to the patient 
with biopsy-proven cancer, includes primarily a thorough 
history and physical examination seeking symptoms and 
physical findings suggestive of metastatic disease, A suf- 
ficient laboratory evaluation to evaluate the risk of anes- 
thesia and mastectomy is performed. Routine screening 
studies are avoided, and tests indicated by symptoms or 
physical findings or both suggestive of possible distant 
metastases are performed as an outpatient whenever fea- 
sible. The patient is then admitted to the hospital for de- 
finitive treatment, ideally the morning of surgery. 

During this time, the surgeon can plan a rational treat- 
ment approach. Having thus far mercifully avoided arti- 
culation of “possible mastectomy,” he can then discuss 
with the patient and her family his recommendations as 
regards choice of mastectomy, possible treatment alterna- 
tives, prognosis, the role of supervoltage x-ray therapy, 
and chemotherapy—a discussion expected by today’s in- 
formed female population. 


Conclusion 


Our recent experience with outpatient and inpatient 
breast biopsy was analyzed. This analysis has shown that 
breast biopsy as an outpatient provides psychological ben- 
efits, minimally disrupts family life, and provides consid- 
erably less expensive medical service to these patients 
without jeopardizing quality of care. The results of this 


_ Study have led us to the concept that, in the interests of 


quality care and economical delivery of health services, all 
patients with undiagnosed breast lesions should undergo 
biopsy as outpatients. Only patients with biopsy-proven 
cancer should be admitted to the hospital, and then only 
after a specified preoperative evaluation. 
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Discussion 


Ropert E. HERMANN, MD, Cleveland: At the Cleveland Clinic, 
for the past four or more years, with our increasing shortage of 
hospital beds because of the enormous volume of heart surgery, 
we have all had to look at our practice to see what procedures 
might be done on an ambulatory basis. We have increasingly done 
outpatient breast biopsies for the reasons mentioned by Dr. 
Saltzstein—the saving of hospital beds, the decreased cost to the 
patient, the safety of the procedure, and, most important, the psy- 
chological advantage to the patient. The patient is not nearly as 
frightened about a potential mastectomy. We have also been 
doing needle aspiration cytology studies on solid breast lumps as 
an office procedure. 

Our limited experience would indicate that there are some false- 
positives and false-negatives with this procedure, and that all of 
these patients should, in addition, have a biopsy performed. We 
are hoping to perfect this technique and further define its role in 
the preoperative evaluation of the patient with a solid breast 
mass. 

CHARLES M. MCBRIDE, MD, Houston: Dr. Saltzstein has shown 
the amount of money saved, which I certainly agree with, by not 
doing extra workup in the asymptomatic patient. I wonder if he 
would tell us what his rate of discovery of malignancy was in pa- 
tients with the nonsuspicious lesions. Unless the rate was high, 
there is a potential for saving there by reducing the number of 
biopsies. 

Dr. SALTZSTEIN: I would like to thank Drs. Hermann and 
McBride for their comments. In answer to Dr. McBride, the ques- 
tion is very pertinent but we did not analyze that factor. I think, 
in summary, that the time-honored tradition of mastectomy im- 
mediately following biopsy is no longer operative, and certainly 
the trauma to the patient with benign disease, four fifths of all of 
our series, must be considered. 
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Hemodynamics of Autogenous 


Femoropopliteal Bypass 


Hendrick B. Barner. MD; Donald L. Kaminski, MD; John E. Codd, MD; 


Geerge C. Kaiser, MD; Vallee L. Willman, MD 


Intraoperative hemodynamics of 74 autogenous femoropopliteal 
bypass grafts observed for one to six years have been analyzed in an 
attempt to correlate these measurements with graft fate. Eighteen 
grafts failediby 12 months and three failed at 22, 23, and 49 months, 
respectively. 

Basal graft flow, peak graft flow after injection of 15 mg of pa- 
paverine hydrochioride intc the graft, basal mean pressure gradient 
across the graft, peak mear pressure gradient across the graft, basal 
and peak total peripheral resistance, basal and peak outflow tract re- 
sistance, quantitative status of the outflow tract by two grading sys- 
tems, indication tor operation, presence of diabetes mellitus, age and 
sex of the patient, and site of the distal anastomosis (proximal and 
distal parts of the poplitea artery) were not of predictive value and 
the differences were not statistically significant for patent and oc- 
cluded grafts. 


lood flow measurement in arterial reconstruction be- 
came routine in cur clinic in 1966. Initial hopes that 
greft flow measurements might predict graft patency 
were not confirmed in our early experience.’ This is a re- 
port of the intraoperat-ve hemodynamics of 74 autogenous 
fernorepopliteal bypass grafts observed for one to Six 
years. 


Clinical Material 


Femoropopliteal bypass with autogenous vein in 61 men and 13 
women was performed fer claudication (40), rest pain (seven) or 
gamgrene (27). Diabetes mellitus requiring drug therapy was pres- 
ent in 21 patients. Using semoral arteriography, the popliteal out- 
flow tract was graded on the basis of three-vessel, two-vessel, one- 
vesel, or no-vessel outflow. The outflow tract was also graded on a 
point system.’ 

Following completion of the reconstruction, graft flow was mea- 
sured with a square-wave electromagnetic flowmeter. Arterial 
pressure was measured ia the common femoral artery (proximal 
pressure) and at the distal anastomosis (distal pressure) using 21- 
gauge needles anda strain gauge. Data were recorded on a direct 
wrting recorder. Mean arterial pressure was determined by add- 
ing one third of the difference between the systolic and diastolic 
pressure to the-diastolic pressure. Basal measurements were ob- 
tained when hemodynamically stable. Papaverine hydrochloride 
Se a ee ec araEE 
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(15 mg) was injected into the graft, and peak flow and correspond- 
ing pressures recorded. 

Total peripheral resistance was calculated by dividing proximal 
mean arterial pressure by flow. Outflow tract resistance was de- 
termined using distal mean pressure. Graft resistance was deter- 
mined using the pressure gradient across the graft (proximal 
pressure minus distal pressure) and flow. 

Evaluation for graft patency was based on the presence of a 
pulse in the graft, popliteal, or pedal artery usually at yearly ex- 
amination. Occasionally a femoral arteriogram was necessary to 
ascertain patency. 


Results 


Eighteen grafts failed in the first 12 months and three 
failed at 22, 23, and 49 months, respectively, during the 
follow-up interval of one to six years. Data were compared 
for patent and occluded grafts, and are presented in Ta- 
bles 1 through 3. 

The two groups were closely matched for age, sex distri- 
bution, outflow tract, and level of the distal anastomosis 
(Table 1). Diabetes was present in 32% of those with pat- 
ent grafts and 19% of those with occluded grafts. Rest 
pain or gangrene was the indication for operation in 51% 
of patent grafts and 34% of occluded grafts. Follow-up 
was necessarily shorter for occluded grafts (mean, nine 
months) than for patent grafts (mean, 30 months). 

Basal graft flow was not different for patent (75 + 6 
ml/min) and occluded (78 + 10 ml/min) grafts. Peak flow 
was nearly the same for patent (203 + 13 ml/ min) and oc- 
eluded (197 + 20 ml/min) grafts (Table 2). 

Basal total resistance was not statistically different for 
patent (1.81 + 0.28 mm Hg/ml/min) and occluded grafts 
(1.48 + 0.22 mm Hg/ml/min). Similarly, peak total periph- 
eral resistance was nearly equal for patent (0.61 + 0.09 
mm Hg/ml/min) and occluded (0.59 + 0.12 mm 
Hg/ml/min) grafts (Table 2). 

Basal outflow resistance was similar for patent (1.75 + 
0.28 mm Hg/ml/min) and occluded (1.43 +0.22 mm 
Hg/ml/min) grafts. Peak outflow tract resistance for pat- 
ent grafts (0.51 + 0.09 mm Hg/ml/min) closely approxi- 
mated that for occluded grafts (0.49 + 0.13 mm 
Hg/ml/min) (Table 2). 

Analysis of flow and resistance according to the number 
of outflow vessels revealed no statistically significant dif- 
ferences between patent and occluded grafts (Table 2). 

The basal pressure gradient across the graft was not 
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Table 1.—Basic Data of Patent and Occluded Autogenous Vein Grafts 





Patent (53) Occluded (21) 






Men 17 80 
Women 9 17 4 20 


Mean age, yr 60.2+ 1.4 59.5+1.8 
Diabetic 17 32 4 19 


Indication for operation 













Claudication 26 49 14 66 

Rest pain 4 8 3 15 

Gangrene 23 43 4 19 
No. of outflow vessels 







Mean 


42 








15 





Outflow tract by point 










system2 11.5+0.5 10.5+0.8 
Distal anastomosis to 

proximal part of popliteal vein 24 45 9 42 
Distal anastomosis to 

distal part of popliteal vein 29 55 12 58 






Duration of follow-up, mo 


Range 12-75 1-49 
Mean 30 9 


Table 2.—Hemodynamic Data for Patent and Occluded Autogenous Vein Grafts 


Basal Peak 



































Basal Peak Total Total Basal Peak 
Graft Graft Peripheral Peripheral Outflow Outflow 
Graft Flow, Flow,7 Resistance, Resistance, Resistance, Resistance, 
States* ml/min ml/min mm Hg/mi/min mmHg/mi/min mm Hg/mi/min mm Hg/mli/min 
All grafts P 756 203+ 13 1.81 + 0.28 0.61 + 0.09 1.75 + 0.28 0.51 + 0.09 
78 £10 197 + 20 1.48 + 0.22 0.59 + 0.12 1.43 +0.22 0.49 + 0.13 






















O 
Three-vessel P fo 236 + 20 1.45+0.18 0.40 = 0.03 1.38+=0.19 0.30 = 0.03 
Or i esa as si 2046043 2000 LO Oa 
Two-vessel P 8&6 +11 212 £17 1.33 +0.14 0.43 + 0.02 1.27 £0.13 0.36 + 0.03 
N O A O 2A l 00de | ORAZ OOS TT IDES Gist aaa 










































































One-vessel P 77+ 23 151 + 28 1.69 + 0.66 0.64 £0.19 1.08 + 0.23 0.53 +0.16 
outflow O 75 Æ 15912 1.28 +0.17 0.50 = 0.08 1.20 £0.18 0.47 + 0.07 
No outflow P 5415 134+ 30 2.59 + 0.53 1.18 + 0.30 2.54 +0.52 1.08 = 0.28 















vessels O 104 + 46 2:99 £1.10 1.42 + 0.80 2.55 1.15 1.34 + 0.81 











* Patent, P; occluded, 0. 


t Maximal flow after injection of 15 mg of papaverine into graft. 


Table 3.—Hemodynamic Data for the Graft Itself 





Basal Peak Basal Peak 
Graft Graft Graft Graft 









Graft Gradient, Gradient, Resistance, Resistance, 

State mm Hg mm Hg mm Hg/ml/min mm Hg/ml/min 
Patent 43 E07 15:3 £16 0.058 + 0.010 0.091 + 0.010 
Occluded 4.7+0.9 £5.32; '2.4 0.055 + 0.009 0.085 = 0.010 

















statistically different for patent (4.3 + 0.7 mm H g)andoc- was 14.9% and 14.4% of total peripheral resistance for pat- 
cluded (4.7 + 0.9 mm Hg) grafts (Table 3). Again the peak ent and occluded grafts, respectively. 

pressure gradient was nearly identical for patent (15.3 + 1.6 

mm Hg) and occluded (15.3 + 2.4 mm Hg) grafts. Basal 
and peak graft resistances were not significantly differ- These data establish that intraoperative hemodynamics 
ent for patent and occluded grafts (Table 3). Basal graft are of little value in predicting early or late graft patency. 
resistance was 3.2% and 3.9% and peak graft resistance Obviously if there is no flow in a graft at the time of 
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Basal Outflow Resistance of Patent Grafts 


“Dutflow Stage 


placement it will not remain patent, but such situations 
are usually apparent witaout flow measurements. 

We betieve, as do Darling and associates,’ that many 
early failures are on a technical basis and can frequently 
be corrected.‘ Intraoperetive arteriography is the most 
useful adjunct for cetectimg these technical errors. Other 
early failures are related to the quality of the vein graft.’ 
Failures occurring »etween one and 12 months are fre- 
quently due to intimal thickening, fibrotic valve, or fibrot- 
ic stenosis." Thus, it is apparent that many causes of graft 
failure in the first year will not result in limited graft flow 
or an excessive pressure gradient across the reconstruc- 
tion at operation. 

Papaverine vasodilation is helpful in assessing the he- 
modynamics of arterial reconstruction because it removes 
the greatly variable vasoconstriction that exists in pa- 
tients subjected to surgical trauma, anesthesia, and body 
cooling. This is demenstratec in Table 1 in which it can be 
seen that basal flow does not decline until there are no 
outflow vessels, and in Fig 1 and 2 in which outflow tract 
resistance of patent zrafts is plotted against outflow tract 
grade. Utilizing the methed of least squares, the line for 
the plet (basal flow) has a correlation coefficient (r) of 
—.34. This correlatior. coefficient is barely significantly dif- 
ferent from a zero correlation coefficient (P<.05) and the 
95% confidence limizs of the correlation coefficient are 
088 = r <= 569. After papayverine-induced peripheral vaso- 
dilatien, a more significant inverse linear correlation ex- 
ists wath a correlation coefficient of —.72 (P<.001) with 
95% confidence limits of 545 Sr = .956. These observa- 
tions indicate that basal blood flow in an arterial recon- 

‘tien correlates poorly with the quality of that recon- 
structien, but is dependent on peripheral resistance. 
Induced peripheral vasodilation allows judgment as to the 
flew capacity of.the zeconstruction. 

The hemodynamic imperfection of the saphenous vein 
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Fig 1.—Regression plot of outflow resistance (ordinate) and out- 


flow grade? (abscissa) for basal flow in patent grafts. Line is 
drawn by method of least squares (equation shown in text). Corre- 
lation coefficient is significant from a zero correlation coefficient 
(P <.05). 


Fig 2.—Regression plot of outflow resistance (ordinate) and out- 
flow grade? (abscissa) for peak flow in patient grafts. Line is drawn 
by method of least squares (equation shown in text). Correlation 
coefficient is significant from a zero correlation coefficient 
(P <.001). 


3 


Y = 1.30 — 0.07X 
r= -.72 


Peak Outflow Resistance of Patent Grafts 


Outflow Stage 


for femoropopliteal bypass is manifest by the 15.8 mm Hg 
mean pressure gradient across the graft during the peak 
flow. In normal extremities there is little or no change in 
ankle systolic pressure with moderate exercise. If the lu- 
men of the graft is reduced by intimal proliferation in the 
first year, the graft gradient may be significantly greater. 

Blood flow in the diabetic leg has not been analyzed sep- 
arately because a previous report has shown that there is 
little difference in the hemodynamics of this subgroup, ex- 
cept for a greater incidence of tibial artery disease.* In 
the present series, the presence of diabetes did not pre- 
dispose to graft failure. 

We continue to routinely measure blood flow in arterial 
reconstructions because it is reassuring to the surgeon to 
be able to quantitate flow. Intraoperative arteriegraphy is 
the most valuable adjunct for detecting technieal errors. 
Pressure measurements add little to pulse palpation. 


This investigation was supported in part by Public Health Service grant 
HL-06312. 
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Gallstone Pancreatitis 


Thomas R. Kelly, MD, MSe 


Biliary tract surgery was performed on 52 patients with gallstone 
pancreatitis. In those patients operated on during the acute phase of 
pancreatitis, the pancreas appeared to be either mildly or severely in- 
flamed. In 35.7% of the patients operated on after the regression of 
symptoms of acute pancreatitis, the pancreas appeared grossly nor- 
mal. 

Although 94.2% and 21.1% of the patients had gallbladder and 
common bile duct stones, respectively, only 5.7% had impacted am- 
pullary stones. 

Cholecystectomy, operative cholangiography, and choledochos- 
tomy, when indicated, were routinely performed. 

Since the natural history of gallstone pancreatitis is one of fre- 
quent recurrence, the correction of the biliary tract disease should be 
performed on the initial hospital admission. This operative policy has 
resulted in no mortality and only a 4% late incidence of recurrent 
acute pancreatitis in a 15-year follow-up period. 


CP classic description of the common channel 
theory (1901) established the association of pan- 
creatitis with biliary tract disease.’ However, the etiologic 
factors involved in gallstone pancreatitis remain obscure. 
Gallstones are reported in from 30% to 74% of cases of 
pancreatitis, an incidence inversely related to the fre- 
quency of alcoholism in the population surveyed.2‘ In a 
comprehensive review, Cole concluded that 60% of pa- 
tients with pancreatitis also have biliary tract disease.’ 
Although the biliary tract disease commonly is ap- 
proached surgically, there is disagreement relating to the 
timing and extent of the operative procedure, and to its 
effect on the pancreatitis. This study, based on a personal 
experience, was undertaken to clarify the above. 


Clinical Material 


In a consecutive series of 100 patients with acute pancreatitis 
personally treated during the 15-year period of 1958 to 1973, 52 pa- 
tients had associated biliary tract disease. Of the remaining pa- 
tients, the pancreatitis was due to alcoholism in 32%, hyper- 
calcemia in 5%, hyperlipemia in 2%, and was idiopathic in 9% (Fig 
1), The surgical treatment of the 52 patients with gallstone pan- 
creatitis, marked by a minimum of complications and no mortal- 
ity, is the subject of this report. The diagnosis of the acute pan- 
creatitis was based on the following: (1) a clinical history with 
physical findings compatible with acute pancreatitis, (2) a serum 
amylase level exceeding 800 Somogyi units (normal, 160 units), or 
(3) intraoperative evidence of acute pancreatitis. The patients 
were considered in three groups: group 1 patients (seven) under- 
went surgery on the biliary tract at the initial hospital admission 
and during an attack of acute pancreatitis; group 2 patients (42) 
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were operated on during the initial hospital admission following 
regression of the symptoms of acute pancreatitis; and group 3 pa- 
tients (three) were treated nonoperatively during the acute attack 
and operated on electively during a subsequent hospital admis- 
sion. 

Group 1.—In the five women and two men, average age of 52 
years, the mean serum amylase level was 1,850 Somogyi units. 
Two of the patients were jaundiced (mean total serum bilirubin 
level, 6.5 mg/100 ml), and continued to have a septic course despite 
vigorous medical management. Intravenous cholangiography on 
the other five patients demonstrated a functioning gallbladder 
with included stones in two and nonvisualization of the gallblad- 
der in three. Inability to establish a diagnosis or failure of the 
acute attack to resolve led to surgery within 72 hours after admis- 
sion. The surgical procedures listed in Fig 2 include cholecystec- 
tomy and operative cholangiogram in five patients, with choledo- 
chostomy added in one patient, and cholecystostomy in two 
patients with severe pancreatitis. The operative findings listed in 
Fig 3 include mild pancreatitis in one of five patients with chronic 
cholecystitis and cholelithiasis; the four remaining patients had 
moderate pancreatitis. In two patients with acute cholecystitis 
with cholelithiasis, severe pancreatitis with extensive fat necrosis 
and hemorrhage was present. 

Postoperative complications were limited to the two patients 
with severe pancreatitis and included prolonged ileus, abdominal 
pain with persistent elevation of serum amylase level, and delayed 
recovery. There were no deaths in this group. 

Group 2.—This group included 32 women and ten men; mean 
age, 58 years. An oral or intravenous cholecystogram performed 
on 29 nonjaundiced patients showed cholelithiasis in ten and non- 
visualization of the gallbladder in 19. In 13 jaundiced patients, the 
mean total serum bilirubin value was 4.3 mg/100 ml. In the entire 
group the mean serum amylase level on miso was 1,450 So- 
mogyi units, with a range from 850 to 2,500 uni . Following reso- 
lution of the acute symptoms in five to ten days, cholecystectomy 
and operative cholangiogram were performed in the 42 patients. 
In 15 patients, choledochostomy (Fig 2) was also carried out. The 
operative findings (Fig 4) in 27 patients (64.3%) were mild or mod- 
erate pancreatitis manifested by minimal to moderate pancreatic 
inflammation and edema. In 15 (35.7%) patients the pancreas ap- 
peared and felt normal. Chronic cholecystitis with cholelithiasis 
was present in 37 of the patients; subacute cholecystitis with cho- 
lelithiasis in five. 

Five patients had postoperative elevations of serum amylase 
levels; however, only one presented symptoms suggestive of recur- 
rent pancreatitis. Other complications included atelectasis (six), 
prolonged ileus (five), and wound infection (one). There were no 
deaths in the group 2 patients. 

Group 3.—These three patients either presented contraindica- 
tions to or refused surgery and, thus, were operated on electively 
during a later hospitalization. Oral cholecystography performed 
within ten days after the acute attack of pancreatitis did ; een 
alize the gallbladder; however, further studies about ten weeks 
later, showed a functional gallbladder with stones in two of the 
three. 

At the elective admission for surgery the patients were asymp- 
tomatic with serum amylase and bilirubin levels within normal 
limits. The surgical procedures (Fig 2) included cholecystectomy 
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Fig = —Biliary tract cperations performed on 52 patients. 


Recurrent Pancreatitis After Biliary Tract Surgery 


No. of % Recurrent 
Author Year Cases Pancreatitis 
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and operative cholangiegrams, with an added choledochostomy in 
one pat ent. The operative findings (Fig 5) included chronic cho- 
leeystias and cholelithiasis associated with a normal appearing 
pancreas in two patients, and mild pancreatitis in the third. 

The »#stoperative course wes marred by prolonged ileus in the 
one pant with mild pancreatitis. There were no deaths in this 
group «t patients. 

CholeEthiasis was present in all 52 patients of this study. The 
gallstomes were located (Fig 6) in the gallbladder in 49 (94.2%) pa- 
tients, x the common bile duct-in 11 (21.1%), and in the ampullary 
area in hree (5.7%). 

All 5 patients were examined personally annually for the first 
three years, biannually thereafter. In the one- to 15-year postop- 
erative Dllow-up, eight cf the patients died from causes unrelated 
to biliae7-panereatic disease. The results (Table) are compared 
with other reported series.** In two patients (4%), pancreatitis re- 
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Fig 3.—Operative findings, group 1 patients. 


curred: in one patient the recurrence two years after operation 

was related to choledocholithiasis; in the second patient the recur- i 
rence six years after operation had no apparent relation to biliary 

tract disease. 


Comment 


The pathogenesis of gallstone pancreatitis has re- a 
mained obscure. Since 1901 (Opie)! it has been generally 
accepted that bile reflux via “a common channel” was the 
underlying mechanism for gallstone-induced pancreatitis. 
Opie’s hypothesis, however, has been challenged by 
many™-"* and recently reassessed by Trapnell."’ a 

Bartlett has suggested that both biliary and pan- = 
creatic disease follow intermittent: obstruction to the out- 
flow from the common bile and pancreatic ducts secondary 
to abnormal muscular activity at the sphincter of Oddi. 

Elliott et al" postulated a three-stage progression in the 
pathogenesis of pancreatitis: (1) obstruction of a common 
channel followed by (2) incubation of bile in the gallblad- 
der and (3) ultimate expulsion of the incubated mixture 
into the pancreatic duct and pancreas. 

Trapnell™ showed that in about 50% of patients a ‘“com- 
mon channel” does not exist; thus, reflux is impossible. In 
the other 50%, despite presence of a “common channel,” 
the size and shape of the stone must be within narrow lim- 
its to block both the common bile and pancreatic ducts and y 
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Fig 4.—Operative findings, group 2 patients. 


still allow reflux of bile up the pancreatic duct. Also, a 
stone that is too large will occlude the common bile duct 
and lead to obstructive jaundice rather than to acute pan- 
creatitis. Furthermore, even if a “common channel” ex- 
ists, bile is unlikely to reflux up the duct of Wirsung since 
the pressure in the latter is higher than in the common 
bile duct. Finally, bile may enter the pancreatic ducts 
without harmful effects; however, there is no evidence 
that such biliary reflux occurs. 

Trapnell advanced the hypothesis that a septic focus or 
mechanical factor in the biliary system initiates gallstone 
pancreatitis. The mechanical factors include calculi, 
sphincter fibrosis, carcinoma, or a combination of these. 
Obstructive jaundice or acute pancreatitis may result, de- 
pending on the local anatomy and the stone size. He sug- 
gests that a septic focus secondary to the cholelithiasis 
may through a Schwartzman reaction initiate the acute 
pancreatitis. Biliary surgery eradicates this septic focus 
as well as the mechanical factor; however, obstruction ac- 
counts for only a small number of cases of gallstone pan- 
creatitis. In the series herein reported, 11 patients (21.1%) 
had common duct stones, but only three (5.7%) had im- 
pacted ampullary stones. 

Acosta and Ledesma" suggested that acute pancreatitis 
associated with gallstone disease is frequently caused by a 
transient blockage of the ampulla of Vater by migrating 
gallstones. They found gallstones in the stools of 34 of 36 
patients with acute pancreatitis, and in three of 36 pa- 
tients without pancreatitis. The stones ranged from 1 to 
15 mm in size. This study could well explain the path- 
ophysiology of gallstone pancreatitis encountered in those 
cases in which stones are found only in the gallbladder. 

Optimum results from surgical management of gall- 
stone pancreatitis depend on an accurate diagnosis and 
precise timing of surgical intervention. There is general 
agreement that, once the diagnosis is made, biliary tract 
surgery should be instituted. Disagreement relates both to 
the timing and to the extent of the surgery. Dixon and 
Hillam’ believe that if the acute attack of pancreatitis 
subsides, definitive biliary tract surgery should be de- 
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Fig 6.—Location of gallstones in 52 patients. 


ferred to a subsequent hospital admission. Glenn and 
Frey’ state that, once the diagnosis of gallstone pan- 
creatitis has been established, common bile duct decom- 
pression is essential. Cole™ adopts the more conservative 
attitude that, unless the patient is jaundiced, operation 
should be postponed until the acute attack has subsided. 
In our 15 patients with jaundice, only six had stones in the 
common bile duct. As in the report of Dixon and Hillam,* 
jaundice in our patients was more a sign of advanced pan- 
creatitis than choledocholithiasis. Elliott’? believes that 
surgery in gallstone pancreatitis should be performed af- 
ter the acute phase of the disease, preferably during the 
second or third week of the initial hospitalization. 

The treatment of acute pancreatitis, regardless of 
cause, provides for avoidance of operation in anticipation 
that the disease will subside. For gallstone pancreatitis, 
however, we believe that correction of the biliary tract 
disease should be undertaken during the initial hospital 
admission. Since the natural history of gallstone pan- 
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creatitis is one of frequent recurrence (53%, Howard and 
Jordan’), deferring the biliary tract operation puts the pa- 
tient in jeopardy by allowing time for a recurrent attack 
of pancreatitis. Our polizy is to defer the operation until 
the symptoms of the pancreatitis have abated and the se- 
rum amylase level nas recurned to normal. If the patient’s 
condition worsens or there is question of a misdiagnosis, 
surgery is not delayed ary longer. In most instances, how- 
ever, the pancreatitis wll improve and the biliary tract 
operation can be performed by the fifth to tenth hospital 
day. The-surgery of choice combines cholecystectomy with 
operative cholangiography and choledochostomy, when in- 
dicated. With extensive fat necrosis and hemorrhage, only 
-biliary decompression vig the gallbladder or common bile 
duct, without manipulation of the pancreas, should be 
done In this study, using the above guidelines, 52 patients 
withgallstone pancreatit.s were treated surgically with a 
low morbidity, no mortality, and only 4% late incidence of 
postaperative pancreatitis. 


Conclusions 


A personal experience with 52 cases of surgically 
treated gallstone pancreatitis has been reviewed. 

In 49 patients, biliary tract surgery was performed on 
the initial hospital admission: during the acute attack of 
pancdeatitis in seven patients, and after subsidence of 
symptoms in 42 patients. Mild to severe pancreatitis was 
found in those patients operated on during the acute 
phase of pancreatitis. In 35.7% of the patients operated on 
after the regression of srmptoms of acute pancreatitis, 
the pancreas was found te be normal. 

Although $4.2% and 21. F% of the patients had gallblad- 
der and common bile duct stones, respectively, only 5.7% 
of the patients had impacted ampullary stones. Of the 15 
patients who were admitted with jaundice, only six had 
stones in the common bile duct. Jaundice, in this series of 
patiemts, was more indicetive of advanced pancreatitis 
than cf common bile duct stones. 

Chorecystectomy, ceperat ve cholangiography, and cho- 
ledochostomy. when indicased, were routinely performed. 
However, in the two patierts with advanced pancreatitis, 
surgery was limited to biliary decompression via the gall- 
bladder. 

Since the natural history of gallstone pancreatitis is one 
of frequent recurrence, the correction of the biliary tract 
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disease should be performed on the initial hospital admis- 
sion. Deferring surgery puts the patient in jeopardy by al- 
lowing time for a recurrent attack of pancreatitis. This 
operative policy has resulted in no mortality and only a 4% 
late incidence of recurrent acute pancreatitis during the 
one- to 15-year follow-up period of this study. 
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Pancreatitis 


Surgical Management 


Robert E. Hermann, MD; Adel S. Al-Jurf, MD; Stanley O. Hoerr, MD 


The surgeon contemplating an operation for pancreatitis must 
have a clear mission in mind: to correct a complication of the dis- 
ease, establish the diagnosis, identify or correct an etiologic factor, 
drain a pseudocyst, decompress an obstructed pancreatic duct sys- 
tem, or resect a severely diseased gland. Occasionally, the presence 
of carcinoma of the pancreas must be confirmed or excluded. The 
key to treatment is the operative pancreatogram. 

Our experience with surgical procedures for pancreatitis in 177 pa- 
tients has been reviewed. Twelve patients died, a postoperative mor- 
tality of 6%. At the present time 131 patients are doing well, 16 pa- 
tients have recurring pain or other problems, cancer of the pancreas 
has developed in four patients, and 14 patients were lost to follow- 
up. Pancreatitis is frequently a recurring and progressive disease. 


P both acute and chronic pancreatitis, surgical manage- 
ment may be necessary for a variety of indications. 
The timing of surgery and the choice of operative proce- 
dures may be difficult decisions. Whether to operate early 
in acute pancreatitis, when to operate after an episode of 
acute pancreatitis, the value of sphincteroplasty, the wis- 
dom of removing a nondiseased gallbladder, the success 
achieved by pancreatojejunostomy in recurrent or chronic 
pancreatitis, and when to employ pancreatic resection are 
all issues that remain unclear. 

This review reports our experience with the surgical 
procedures we have employed in the management of both 
acute and chronic pancreatitis during the past decade. Our 
aim in reviewing this experience is to evaluate the timing 
of surgery in the treatment of pancreatitis and to assess 
the results we have achieved with the various operative 
procedures employed. 
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Clinical Material 


From 1962 to 1973, 687 patients were admitted to the Cleveland 
Clinic Hospital with the primary diagnosis of acute or chronic 
pancreatitis. Of this entire group, 177 patients (26%) were oper- 
ated on as part of the management of their pancreatitis; these 177 
patients are the basis for this study. In these 177 patients, we 
have performed 207 operations during the ten-year period; 51 ad- 
ditional operations were previously performed by other surgeons 
in other hospitals. 

Classification—Type of Pancreatitis.-The type of pancreatitis in 
all 177 patients was reviewed and redefined according to the 
classification proposed at the Marseilles symposium on pan- 
creatitis in 1963.'? Patients were classified as “acute pancreatitis” 
if the attack was the initial episode (33 patients, 18%); they were 
classified as “recurrent acute pancreatitis” if the attack was a sec- 
ond or subsequent episode (45 patients, 25%). When multiple epi- 
sodes of pancreatitis recurred over a period of years and when 
evidence of fibrosis or calcification was found at operation, the 
pancreatitis was classified as “recurrent chronic pancreatitis” (62 
patients, 35%). When the episodes of pain were so frequent as to 
be virtually continuous, or when weight loss, steatorrhea, diabetes 
mellitus, or narcotic addiction was a problem, the diagnosis of 
“chronic pancreatitis” was made (37 patients, 22%). 

Cause.—Biliary disease was the etiologic factor most frequently 
identified (77 patients, 44%). Alcoholism was not implicated as 
commonly as in series reported from other institutions, although 
it was second in frequency to biliary disease (28 patients, 16%). 
The incidence of idiopathic pancreatitis, where no causative factor 
could be identified, reflects the type of referral practice that we 
see (26 patients, 15%). The etiologic factors identified in the re- 
maining 25% of surgical patients are as follows: peptic ulcer, 11% 
(19 patients); postoperative, 4% (eight patients); trauma, 3% (six 
patients); hyperlipemia, 3% (six patients); hyperparathyroidism, 
1% (two patients); and other factors, 3% (five patients). In some 
patients, more than one etiologic factor may have been present; in 
such patients we have listed only the factor that seemed most 
likely to be at fault. 

Major Clinical Findings.—All patients had pain as one of their 
symptoms. In addition to pain, three other major clinical findings 
were observed: (1) a pancreatic mass in 44 patients (24%), either 
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found by physical examination or identified by roentgenography; 
(2) jaundice in 43 paczients 24%), either noted clinically or by labo- 
ratery studies; and (3) panereatic calcification in 20 patients (11%) 
seen on roentgenographic studies of the abdomen. Less common 
clinical findmgs were weizht loss, diabetes mellitus, and stea- 
torrhea. 

Indications før Surgery.—There were seven major indications for 
surgery. During an episode of acute pancreatitis major indica- 
tioms were (1) worsening cf the patient’s condition on intensive 
medical therapy; (2) uncertainty about the diagnosis; or (3) a sur- 
gically correctable complicaticn, such as an abscess, hemorrhage, 
or jaundice. 

During a nonacute phase- after, or between episodes major indi- 
cations were: (4) etiologic factors correctable by surgery, such as 
biliary disease, pept.c ulcer, or hyperparathyroidism (in patients 
with three or more episodes of pancreatitis, if no etiologic factor 
could be identified by diagnoszic studies, a biliary and pancreatic 
exploration was undertaker tc see if an undiagnosed factor could 
be identified and corrected; (5) a pancreatic mass or pseudocyst; 
(6) recurrent chronic or chronic pancreatitis with pain; (7) confir- 
mation or exclusion of the diagnosis of carcinoma. 

The timing of an operative procedure is, in our opinion, impor- 
tant. We have operated on the acutely inflamed pancreas only to 
prevent progressive sepsis, to correct a life-threatening complica- 
tion, or to be certain of the diagnosis of pancreatitis. We have 
tried to plan elective operetions during an interval period, after 
an episode of pancreatitis. seudocysts have been allowed to ma- 
ture, avoiding operations om an acute pseudocyst or an inflamma- 
tory mass that may resolve or medical therapy. In patients with 
recurrent panereatit s, the operative procedures have been per- 
formed between episodes, when the patient’s condition is as stable 
as possible. Even pat:ents with chronic pancreatitis have acute ex- 
acerbations ef the disease and operations were avoided during 
such a period. 

In a number of patients, several procedures have been per- 
formed at the same operation, depending on the pathologic find- 
ings. For example, cholecysteetomy alone or with common bile 
duct exploration has frequently been combined with sphinctero- 
plasty, panereatic duct expleration, or other operative procedures. 
In addition, 22 patients hac more than one operation performed 
during this ten-year period. 


Results 


Aeute and Recurrent Acute Pancreatitis.—-Seventy-eight 
patients hac either acute pancreatitis (33 patients) or re- 
current acute pancreatitis (45 patients). Among these 78 
patients, a few were singled out as having necrotizing 
panereatitis because of the severity of their disease and 
the extensive necrosis and hemorrhage found at surgical 
exploration. They ere discussed later. 

Operations were perfermed during the acute episode 
(emergency or urgent cperative procedures) in 27 pa- 
tients. Five of these 27 patients died postoperatively, a 
mortality of 19%. Drainage of pancreatic abscess, control 
of bleeding, and cholecystestomy were performed in 24 
patients. A subtetal pancreatectomy was performed in 
three patients for acute pancreatitis; one of these three 
patients died. 

Fifty-one patients were operated on as follows during 
an interval period after tae acute episode had come under 
medical control: cholecystectomy and/or common bile duct 
expleration, 33 patients; sphincteroplasty and pancreatic 
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Table 1.—Correlation of Results With 
Cause in 177 Patients 


Good-Fair Cancer 
Biliary disease 62 
Alcoholism 

Idiopathic 

Peptic ulcer 
Postoperative 

Trauma 

Hyperlipemia 

Others 

Total 


Poor Died Lost 


WwW 
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2 
3 
4 
4 
1 
0 
2 
0 
6 


Table 2.—Correlation of Results With Type of 
Operation in 177 Patients 


Al ojoloj.e|/o0oojo 


1 


Good- 


Fair Poor Died Lost Cancer 


Operations on biliary system 
Cholecystectomy and/or 
common bile duct 
exploration 
Biliary bypass 
Total 
Operations on pancreas 
Sphincteroplasty and pan- 
creatic duct exploration 
Subtotal pancreatectomy 
Pancreaticojejunostomy 
Total 


Operations on pseudocysts 
Cyst-gastrostomy 
Cyst-jejunostomy 
Resection (tail) 

External drainage 

Total 


Other operations 

Vagotomy, pyloroplasty, 
or antrectomy 

Biliary and pancreatic 
exploration 

Drainage pancreatic 
abscess 

Resection parathyroid 
adenoma 





duct exploration, three patients; biliary bypass, two pa- 
tients; vagotomy and pyloroplasty or antrectomy, nine pa- 
tients; drainage of pseudocyst, 19 patients. Combination 
procedures and multiple operative procedures were occa- 
sionally required. Two of these 51 patients died, a postop- 
erative mortality of 4%. An interval operation is clearly 
safer than one performed during the acute episode. 

Recurrent Chronic and Chronic Pancreatitis.—Ninety-nine 
patients were classified as having recurrent chronic pan- 
creatitis (62 patients), or chronic pancreatitis (87 pa- 
tients). Etiologic factors identified in these patients 
showed an increased incidence of alcoholism; it was the 
most common etiologic factor in patients with chronic 
pancreatitis. 

The 140 operative procedures performed on these 99 pa- 
tients were as follows: cholecystectomy and/or common 
bile duct exploration, 37 patients; biliary bypass, 23 pa- 
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tients; sphincteroplasty and pancreatic duct exploration, 
21 patients; subtotal pancreatectomy (with or without 
drainage), 11 patients; pancreaticojejunostomy, nine pa- 
tients; pancreatic exploration (biopsy), eight patients; 
drainage of abscess, seven patients; vagotomy and pyloro- 
plasty or antrectomy, five patients; and drainage of 
pseudocyst, 19 patients. Combination and multiple oper- 
ative procedures were frequently required in this group. 
Five of the 99 patients died postoperatively, a mortality of 
5%. 

Necrotizing Pancreatitis—Among the patients with 
acute, recurrent acute, and recurrent chronic pancreatitis, 
17 patients were singled out as having an episode of necro- 
tizing or hemorrhagic pancreatitis because of the severity 
of their disease and the extensive necrosis and hemor- 
rhage found at surgical exploration. The majority of these 
patients were having an initial attack of pancreatitis. 
However, a number of patients were having a second or 
subsequent episode; a few patients had had many previous 
episodes. The first episode of pancreatitis is not neces- 
sarily the most severe. 

The operative procedures performed in these patients 
were all emergency or urgent procedures to correct a life- 


Fig 1.—Operative pancreatogram showing dilated pancreatic duct threatening complication, to drain a pancreatic abscess, or 
with stenosis at ampulla of Vater. 





Fig 2.—Instruments utilized in operative exploration of pancreatic duct. 
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to control bleeding. Seven of the 17 patients died postop- 
erai-vely, a postoperative mortality of 41% in this crit- 
ically ill greup. 

Pseudocysts.—In this operative series, pseudocysts of the 
pancreas developed at sceme time in 38 of the 177 patients. 
In 19 patients the pseudocyst occurred after an episode of 
acute or recurrent acute pancreatitis; in an equal number, 
19 patients, a pseudocys= became apparent as a part of re- 
current chronic er chronic pancreatitis. 

Fcrty-twe procedures were performed in the 38 patients 
as follows: cyst-gastrostomy, 21 patients; cyst-jejunos- 
tomy, six patients; cyst-ducdenostomy, one patient; exter- 
nal crainage, 11 patients; resection of cyst (and distal part 
of the pancreas), three patients. Four patients had two op- 
erative procedures for recurrent pseudocysts. Two of the 
38 patients died, a postoperative mortality of 5%. 

Mortality and Postoperative Complications.-Twelve of 
the 177 patients in this operative series died within 30 
days-after eperation or prior to discharge from the hospi- 
tal, an averall mortality of 6%. The postoperative mortal- 
ity o surgical procedures performed during an episode of 
acute pancreatitis was 19%: five of 27 patients died. After 
an episode of acute or recurrent acute pancreatitis had 
subsided, the mortality of elective operative procedures 
was 4%; two of 51 patients died. The mortality for oper- 
atiors in patients with recurrent chronic or chronic pan- 
creatitis was 5%; five of £9 patients died. The highest post- 
»perative mortality in this series was recorded in those 
patients diagnosed as having necrotizing pancreatitis; 
sevem of these 17 patients died, a mortality of 41%. 

In addition, gastrointestinal tract bleeding developed 
postcperatively in five patients, and five other patients 
had intraabdominal hemorrhage requiring another oper- 
ation to control Bleeding Temporary pancreatic or gastric 


Fig 3.—Pancreaticojejunostomy utilizing Roux-en-Y jejunal seg- 
nent. 





Arch Surg Vo. 109, Aug 1974 


fistulas developed in 12 patients, an intra-abdominal ab- 
scess occurred in eight patients, nine had a postoperative 
episode of acute pancreatitis, 14 had wound complications, 
and in 18 patients diabetes mellitus developed. 

Present Status.—All patients have been observed by 
yearly questionnaires and, in many instances, by return 
office visits. Fourteen patients have been lost to follow-up. 
Four patients in whom cancer of the pancreas developed 
have died; they have been excluded from follew-up. Dur- 
ing the ten-year period, an additional 30 operations were 
required in these 177 patients because of recurrent epi- 
sodes of pancreatitis or its complications. Because of the 
difficulty in assessing long-term results in a disease com- 
plex that is so variable, in which multiple operations and 
combination operative procedures have been performed, 
we have based our long-term assessment predominantly 
on the present status of the patient. 

The long-term results have been considered good for 
those patients who at present have no further symptoms 
of pancreatitis; fair for those patients who have only occa- 
sional symptoms of minor abdominal pain; and poor for 
those patients who have continued to have episodes of 
pain or vomiting, have required further hospitalization, or 
continue to use narcotics. The present status of the 159 pa- 
tients for whom follow-up results are known is as follows: 
good-fair, 131 patients; poor, 16 patients; and 12 postoper- 
ative deaths. 


Fig 4.—Subtotal pancreatic resection with drainage of divided 
pancreas with Roux-en-Y jejunal segment. 
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Correlation of Results With Cause.—Table 1 correlates 
the etiologic factors with the present status of the patient. 
The best results, as expected, are in patients with biliary 
disease; excluding the patients lost to follow-up or in 
whom cancer developed; 62 of the remaining 67 patients 
(93%) had good or fair results. The worst results occurred 
in those patients with idiopathic pancreatitis; excluding 
the four patients lost to follow-up, only 15 of the remain- 
ing 22 patients (68%) are presently good or fair results. 
Surprisingly, the present status is good or fair in 23 of 27 
patients (85%) in whom pancreatitis was related to alco- 
holism. 

Correlation of Results With Type of Operation.—Table 2 
shows the correlation between the various types of oper- 
ative procedures performed and the present status of the 
patient. Many of these procedures were a part of combina- 
tion operative procedures; the results are not additive. The 
best long-term results were again obtained in those pa- 
tients who had biliary procedures; 83 of 87 patients (95%) 
achieved good or fair results (excluding eight patients 
who were lost to follow-up or who subsequently had can- 
cer). Operations on the pancreas have yielded good or fair 
results in 32 of 43 procedures (74%). Pseudocyst drainage 
procedures have now yielded good or fair results in 38 of 
41 procedures (92%); one patient is lost to follow-up. The 
worst long-term results were obtained after vagotomy 
and pyloroplasty or antrectomy; only eight of 13 patients 
(62%) are presently good or fair results. 


Comment 


This review has reemphasized to us that pancreatitis is 
a variable, frequently recurring, and occasionally progres- 
sive disease. The causes are varied and the pathologic 
changes encountered in the gland are most likely related 
to those factors that produce the inflammation.** When 
the etiologic factors can be controlled or eradicated, as in 
biliary disease or hyperparathyroidism, the results are su- 
perior to those obtained when the etiologic factors cannot 
be controlled.™® One of the most difficult groups to manage 
are patients in whom no underlying cause of the pan- 
creatitis can be identified. In such patients, at the time of 
biliary and pancreatic exploration, one can only search for 
a causative factor and treat the pathologic changes en- 
countered. In many such patients we have removed a non- 
diseased gallbladder. 

In acute pancreatitis, the timing of operative proce- 
dures is obviously important. We agree with a number of 
authors that there are definitive indications for surgery 
during an episode of acute pancreatitis." We have oper- 
ated during an episode of acute pancreatitis predomi- 
nantly to correct a life-threatening complication. Our ex- 
perience with major pancreatic resections has not been as 
favorable as that reported in isolated cases by others." 
The postoperative mortality of 19% in the patients oper- 
ated on during an acute attack contrasts with the mortal- 
ity of 4% in patients operated on during an interval pe- 
riod. It is clearly safer, whenever possible, to operate 
electively, during the interval after an attack of acute 
pancreatitis, rather than during the acute episode. 
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Our choice of operative procedures in patients with re- 
current or chronic pancreatitis has been based on the etio- 


_ logic factors identified and the pathologic changes encoun- 


tered in the pancreas. At almost all such explorations, 
operative cholangiography and operative pancreatogra- 
phy are used to assess the pathologic changes in the-bili- 
ary and pancreatic duct systems.“ Any biliary disease is 
corrected. If an active peptic ulcer is encountered, an ulcer 
operation is performed (vagotomy and pyloroplasty or an- 
trectomy). If a pancreatic or peripancreatic fluid collection 
or abscess is found, it is drained. A pseudocyst is drained, 
preferably internally. If stenosis of the sphincter of Oddi 
or dilation of the pancreatic duct is encountered (Fig 1), a 
sphincteroplasty and pancreatic duct exploration are per- 
formed. Special instruments have been utilized to remove 
calculi from the pancreatic duct (Fig 2). If there are sev- 
eral areas of stenosis, or if the stenosis in the head of the 
pancreas is extensive, a longitudinal pancreaticojejunos- 
tomy is performed for decompression of the obstructed 
duct (Fig 3). If no ductal obstruction is found, but thick- 
ening and fibrosis of the pancreas is the main pathologic 
finding, a subtotal resection (50% to 80%) of the gland may 
be undertaken (Fig 4). 

Our general policy has been to be conservative at initial 
operative procedures, preserving as much of the pancreas 
as is possible. When pancreatic duct obstruction appears 
to be a factor, it is corrected. In operations on the pan- 
creas, the importance of the operative pancreatogram in 
the decision as to which type of operative procedure to use 
cannot be overemphasized. The operative pancreatogram, 
the presence and degree of calcification, the degree of 
fibrosis, and the thickness of the gland are important 
determinants in deciding on whether a pancreatic duct 
drainage procedure or a pancreatic resection should be 
employed. We have been reluctant to turn to a radical 
pancreatic resection too soon unless it is apparent that no 
other surgical procedure will be effective.'* Our early re- 
sults with pancreatic resection are not as favorable as 
those reported by Child et al and by some of the French 
surgeons.'* We utilize radical pancreatic resection as a 
last-choice operative procedure, when other more con- 
servative operations on the diseased pancreas are not fea- 
sible or have failed. 
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Discussion 


DaxiEL W. ELLIOTT, MD, Pittsburgh: It was a real pleasure for 
ne to be asked to ciseuss beth papers on pancreatitis this after- 
noon. | have had a chance to read the manuscripts. I would like to 
summarize by saying that I can thoroughly agree with about 95% 
of what yeu have heard today. 

I emphasize the mportanee of avoiding operation in the acute 
phase of pancreatis. It was interesting that emergency oper- 
ation was performed in only one patient in seven, in the identical 
propertion in both independent series. As you have seen, emer- 
gency operation has deen followed by a high proportion of the 
mortality of this dsease. 

Secend, for biliary tract disease, as shown so nicely in Dr. 
Kelly’s paper, elect»ve operations are very successful at the initial 
nospital admission after su»sidence of the acute phase of pan- 
creatitis. We have previously reported a series of 93 such patients 
operated en between the seventh and 20th day following onset of 
acute pancreatitis, with one death and no unusual morbidity. 

' Theproblem is, how can biliary tract disease be accurately diag- 


_*emosed in the patient who comes in with acute pancreatitis of un- 


<nown cause? We -hink under those circumstances an oral cho- 
‘ecystegram is a very useful test just as soon as the patient is able 

eat.again. Fifty percent ef the time sufficient dye will be con- 
Ms to be diagnostic. Ir the remaining 50% there will be non- 


~ wisualization, and im that case the test should be repeated again at 


a later time. In the 50% in which visualizations occur, the inci- 
dence of gallstones will be high, particularly among the nonaleo- 
holie patients. 

Jaundice is not a clue to biliary tract disease because it occurs 
about as often ameng alcoholic patients as among the gallstone 
patients. 

I would like to ask Dr. Kelly if he has any special methods or 
zood tricks in malting this diagnosis so frequently and so accu- 
rately as to be able to operate on so many patients so promptly 
and with such very satisfacwrv results. 

With regard to Br. Hermann’s very nice presentation, I think 
ne is-eorrect in allowing a pseudocyst to mature. In diagnosis we 
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have found the echogram very helpful, when performed with the 
high-resolution sonar devices now available, as advocated by 
Bradley and Clements from Dean Warren’s department at 
Emory. 

This examination can determine whether a mass in the pan- 
creas is edematous pancreatitis or is, in fact, cystic. Use of this 
device seems to tell us a little earlier whether or not an operation 
will be needed. 

I noted, with respect to the treatment of chronic pancreatitis, 
that Dr. Hermann has used many more sphincteroplasties and bil- 
iary bypasses than I would have thought likely in such a series. I 
wonder, at the time of sphincteroplasty, if he has performed 
biopsy examinations on the sphincter and found the microscopic 
fibrosis described by Nardi and others as a cause for chronic pan- 
creatitis. 

These are two excellent clinical series with good follow-up re- 
ports, and for that I think these authors are certainly to be con- 
gratulated. 

Dr. KELLY: I think Dr. Elliott asked the proper question. The 
most difficult thing, of course, is to decide whether the patient has 
gallstone pancreatitis or pancreatitis due to another cause, be- 
cause I believe gallstone pancreatitis should be treated aggres- 
sively and definitely on the first hospital admission. 

There are many things that will help with the diagnosis, and 
mistakes will rarely be made. The patient is usually a woman who 
comes in with pain in the right upper quadrant with radiation of 
the pain to the back and to the scapula. A mass or at least tender- 
ness will be present in the right upper quadrant. There usually is 
no history of alcoholism, and some of the patients will give a his- 
tory of similar attacks or of stones in the past. 

The big thing is the serum amylase level. These people who have 
gallstone pancreatitis have good acinar function. Their pancreas 
has not been insulted previously, as in the alcoholic, and they will 
have serum amylase levels that will go way up and will average 
about 1,500 units. Finally, the cholecystogram will be helpful in 
about half the cases. So, a serum amylase level about 1,000 units or 
higher, along with the other things I have mentioned, is indicative 
of gallstone pancreatitis. The patient whose pancreatitis is not 
due to gallstone disease is usually a man, without the character- 
istic radiation of pain, who has a history of ingesting alcohol and 
one who has very poor acinar function, as evidenced by a serum 
amylase level less than 1,000 units. 

Dr. HERMANN: In answer to Dr. Elliott’s question about whether 
or not we perform biopsy examinations on the sphincter at the 
time of sphincteroplasty i in all patients, we do this occasionally, 
but certainly not in all patients. We base our decision for sphinc- 
teroplasty on both clinical and roentgenographic evidence of ste- 
nosis. We prefer a sphincteroplasty for terminal biliary or pan- 
creatic duct stenosis, but if a sphincteroplasty does not appear to 
correct the stenosis or the biliary obstruction, then we would do a 
biliary bypass procedure. 
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Sarcomas of the Limbs 


Results of Adjuvant Chemotherapy Using Isolation Perfusion 


Charles M. McBride, MD 


Seventy-nine patients with soft-tissue sarcomas and eight with 
sarcomas of bone and cartilage were perfused using melphalan and 
dactinomycin. Almost half of the patients had liposarcoma or unclas- 
sified sarcoma and one fifth had fibrosarcoma or a synovial sarcoma. 
Thirty-eight percent of the patients received prior therapies and had 
local recurrences. Six percent of patients had distant metastasis. 

The five-year survival rate was 57% and the ten-year rate 45%. 
Fifty-nine percent were free of disease at two years and 9% had de- 
veloped local recurrences by then. There was one surgical death in 
this series. 

Perfusion treats the region of involvement by soft-tissue sarcomas 
and thus reduces the surgical resection necessary to obtain disease 
control. It is not recommended for sarcomas arising from bone or 
cartilage. 


he intra-arterial use of chemotherapeutic agents 
was suggested by Klopp et al' in 1950, and eight 
years later Ryan et al? adapted this concept to the tech- 
nique of isolation-perfusion. Since then perfusions have 
been used in treatment for many types of neoplasms of 
the limbs. During the past 14 years, 79 patients with soft- 
tissue sarcomas of the limbs and eight patients with limb 
sarcomas originating in bone and cartilage have been 
treated at the University of Texas System Cancer Center, 
M. D. Anderson Hospital and Tumor Institute by isola- 
tion-perfusion. The conventional surgical therapy for sar- 
comas of the limbs is a radical soft-part resection or an 
amputation,’ both of which involve considerable long-term 
morbidity. In some series the limb is also treated by radio- 
therapy following the excision,‘ which may permit a less 
radical resection. Only isolation-perfusion, however, per- 
mits the surgeon to treat the whole extremity, whether he 
is striving for palliation or cure; the only other effective 
regional therapy is a major amputation. 

From January 1960 to December 1972, 90 isolation-per- 
fusions have been performed on 87 patients with sarcomas 
of the limbs treated at Anderson Hospital. In most in- 
stances the chemotherapeutic agents used were melphalan 
and dactinomycin, followed by local excision of the lesion 
six weeks after the perfusion. Twenty-three percent of 
these patients had their primary lesion in the upper limb 
and 77% in the lower; 41 patients were women and 46 were 
men. The age distribution of the patients is given in Fig 1. 

The usual method of presenting data on patients with 
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sarcoma is to give the statistics for each tissue type of sar- 
coma separately as demonstrated in Table 1. Since, how- 
ever, the groups of neoplasms classified as sarcomas are 
regularly reviewed and reclassified by pathologists, re- 
porting results by clinical stage of disease would prevent 
any changes in results brought about by recategorizing 
the tumor groups. Because most sarcomas have similar 
growth patterns and methods of metastasizing, the dif- 
ferent types varying only in degree of aggressiveness, a 
method of staging sarcomas should be possible that would 
be applicable to all types. This would facilitate the presen- 
tation of data on sarcomas as a comprehensive whole. The 
following method for staging sarcomas is suggested: 
stage 1 (primary sarcomas): 1A, primary sarcoma resect- 
able by en bloc dissection without major amputation or 
organ ablation; 1B, primary sarcoma resectable only by 
major amputation or organ ablation; stage 2 (recurrent 
sarcomas): 2A, recurrent sarcoma resectable by en bloe 
dissection without major amputation or organ ablation; 
2B, recurrent sarcoma resectable only by major amputa- 
tion or organ ablation; stage 3 (metastatic sarcomas): 3A, 
sarcoma metastatic to lymph nodes only; 3B, sarcoma with 
metastasis disseminated outside of the regional area. (In 
this article, the pathologic classification given for the sar- 
coma is the one in use at the time the patient was per- 
fused.) 

Selection of the dosage of drugs used is dependent on 
three factors: the local tissue tolerance, eg, a fair-skinned 
person will not tolerate as high a dose of drug as a dark- 
skinned person; the measured leakage of drug into the 
systemic circulation; and the weight of the patient. In this 
series of patients, the median dose of melphalan used in 
the leg was 1.3 mg/kg and dactinomycin, 0.03 mg/kg. In 
the arm, the median dose of melphalan was 0.7 mg/kg and 
for dactinomycin, 0.02 mg/kg. Both drugs were given se- 
quentially at the beginning of the perfusion, which was 
normally continued for one hour. Forty-four percent of 
the patients had iliac dissections and perfusions, 22% had 
axillary perfusions, 21% had femoral perfusions, and 13% 
had popliteal perfusions. 

The leakage of drug into the systemic eirculation is 
monitored by placing a scintillation counter over the ven- 
tricular blood mass, injecting iodinated I 131 serum albu- 
min into the pump circuit and monitoring for appearance 
of isotope in the systemic circulation. The dissection is 
checked and the tourniquet adjusted until the rate of leak 
from the perfusion circuit will not exceed 15% during a 
one-hour period. When this has been established, the 
drugs are inserted into the isolation-perfusion circuit. 
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Fig _.—Distribution by age and sex of 87 patients with sarcomas 
of the limbs. 
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The survival curve for the 87 patients (Fig 2) is uncor- 
rected for age or eause of death. Of all recurrences that 
develeped in the limbs after perfusions for sarcomas, 71% 
oecurred by 18 months and 88% by the end of 30 months. 
This is very similar to the recurrence times for other dis- 
eases following isolation-perfusion.’ The local recurrence 
rates for patients with stages 1A and 1B sarcomas were 
17% and 6%, respectively; for stages 2A and 2B, 33% and 
58%; -he fact that no local recurrences were observed in 
the stage 3 patients is primarily an indication that these 
patients died before any residual disease in the limbs re- 
covered from the effects cf the perfusion. 

In this group of patients with sarcomas of the limbs, 61 
had been observed for five years and 59% were living and 
free af disease at two years. Only 9% had developed local 
recurrences by that time. The overall local recurrence rate 
was 25%, which compares “avorably with a 76% recurrence 
rate ‘ollowing local excisions and 24% following radical 
excisions for sareomas of the limbs.’ The local recurrence 
rate ‘or fibrosarcomas alene has been reported as 28%." 
Table 2 gives the survival of the patients divided into the 
various tissue types; it wil be noted that the attrition rate 
after the five-year mark is very slow. The survival rates 
by stage of disease (Table 2) confirm that patients with 
recurrent sarcomas have a more rapid initial death rate; 
however, at the ten-year level, the survivals are approxi- 
mate y equal in patients with primary or recurrent sar- 
comas of the limbs. Figure 3 shows the arm of a female 
patient immediately after perfusion, one week later when 
tae sarcoma has sloughed. and two years after the perfu- 
sion. Figures 3 and 4 show that the amount of local surgi- 
cal treatment required in these patients is small when the 
entire region is treeted by regional chemotherapy. 

The high dose of drugs necessary to obtain local control 
of saneomas of the limbs may result in complications. Two 
patients developed tissue sloughs sufficient to require pro- 
longed hospitalization and skin grafting, seven patients 
developed significant edema, and most patients have some 
fibrosis in the muscles of the limbs, although not extensive 
enough te limit activity. There was one death within 30 
days of the perfusion (massive pulmonary embolism) and 
B patients in the series subsequently had amputations. 
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Fig 2.—Raw survival curve for patients with limb sarcomas of soft 
tissue, bone, and cartilage. 


Comment 


Since most soft-tissue sarcomas grow with a compres- 
sion capsule, it is easy for the inexperienced operator to 
“shell the tumor out.” This form of inadequate initial 
treatment at the primary site makes sarcomas among the 
most difficult tumors to control. The point made by Clark 
et al‘ that the time to gain local control of the tumor is at 
initial therapy is certainly most important. In this series, 
the local recurrence rate after primary treatment (stage 
1) is 15%, which compares very favorably with the 29% re- 
ported by Cantin et al* and the 39% rate reported by Pack 
and Ariel’ earlier. These earlier series were treated by 
radical surgical therapy, but patients were included whose 
site of primary origin was not the limbs. Although the 
series of patients reported here is small, the results sug- 
gest that survival rates for recurrent sarcomas (stage 2), 
when treated by isolation-perfusion, may not necessarily 
be as low as previously reported. 

The differences in distribution of the various histologic 
types of sarcomas in different series of patients may have 
some effect on the overall reported control rate. As sug- 
gested previously,’® however, the histologic type of sar- 
coma may not be as important as other considerations; 
hence it is suggested that a clinical staging for sarcomas 
may make possible a more uniform method of reporting 
results. The age of the patient at the time of treatment 
for the sarcoma also may have an effect on the possible 
survival unless corrections are made for this age factor, 
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Fig 3.—Top left, A 62-year-old white woman with four-time recur- 
rent undifferentiated sarcoma of right arm. Top right, Same arm at 
height of perfusion reaction demonstrating area where sarcoma has 
sloughed. Bottom, Same arm more than two years after perfusion 
for stage 2B sarcoma. 


Fig 4.—A 76-year-old white woman five years after axillary perfu- 
sion and excision of liposarcoma of left forearm. 


Ga 
e 


P 


306 Arch Surg/Vol 109, Aug 1974 











which was not done in the group of patients reported here. 
The age distribution of patients treated by isolation-per- 
fusion for sarcomas of the limbs is similar to that in the 
series previously reported from this institution’ and also 
in the group reported by Shieber and Graham.” As this is 
a retrospective study and without a true control group 
available, it is impossible to state what factors other than 
treatment have contributed to the overall ten-year sur- 
vival rate of 45%, which is slightly better than that re- 
ported previously.” *° 

In patients with local recurrences without evidence of 
distant disease following isolation-perfusion, 35% were 
treated by amputation, 29% by local excision, and 16% by 
radiation therapy. Patients with disseminated disease, 
with or without local recurrences, were treated by sys- 
temic chemotherapy, but prophylactic systemic chemo- 
therapy was not used. Although the group of patients re- 
ported here had a 15% amputation rate, this was weighted 
in favor of the patients with tumors arising either in bone 
or cartilage, and the amputation rate for the patients with 
soft-tissue sarcomas alone was 9%. The surgical mortality 
of 1.2% is what would be expected of any group of patients 
having operations of similar magnitude. 

A local recurrence rate of 75% following excisional sur- 
gery” or 70% following roentgenographie therapy alone“ 


Sarcomas of the Limbs/McBride 







=" 
> 
j 
=| g 


Liposarcomas 1 
Unclassified sarcomas 
Synovial sarcomas 
Fisrosarcomas 

Amgiosarcomas 
Neurofibrosarcomas 

Other soft-tissue sarcomas* 
Sercomas.of bone or cartilaget 
Tæals 


|wi OLN) RIN] + 
Sle} RM] mM] Oo] Mh 







w 
oO 
N 
par 





Table 1—Distrikution by Tissue Type of Patients With Sarcomas of the Limbs Treated by Isolation-Perfusion 
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2B 3A 3B Overall, % 
1 0 2 30 
4 0 0 18 
2 0 0 10 
0 0 1 8 
5 0 0 8 
1 0 0 
2 0 0 10 
2 0 2 10 
14 17 0 5 100 








Distribution by Stage 





* Clear cell sarcomas of tendon sheath, rhabdomyosarcomas, malignant fibrous histiocytomas, and leiomyosarcomas. 


t Osteogenic sarcoma, choncrosarcomas, and Ewing sarcomas. 









Type 2 yr 


Liposarcomas 14/20 
Urclassified sarcemes 13/19 
Synovial sarcomas. 7/8 


Fibrosarcomas 6/7 
Angiosarcomas 3/4 









Totals 53/76 (70%) 


Table 3.—Rew Survival Rates by Clinical Stage for 
Patients With Sarcomas of the Limbs Treated by 
‘solatien-Perfusion 





dearly indicates that radieal surgical resection or combi- 
nation therapy are the only reasonable choices of treat- 
ment for sarcomas cf the limbs. A major amputation is 
net the treatment of chore for the primary soft tissue 
sarcomas en the limbs (staze 1), and there is some indica- 
tion that when the entire imb is treated by an isolation- 
perfusion an amputation is not necessarily the treatment 
of cheice for the reeurrert ‘stage 2) sarcomas, as sug- 
gested previously.’ The dezision as to when to amputate 
must take into account the anatomic structures involved 
by the sareoma and any signs of increased aggressiveness 
of the tumor with each loal recurrence. 

No absolute guidelines nave been established by this 
study as to the best form o: treatment for sarcomas of the 
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Table 2.—Survival'Rates by Tissue Type of Patients With Sarcomas of the Limbs Treated by Isolation-Perfusion 
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| Synovial sarcoma ŘŘŘ——_—— R 


Es Aingiosarcomas S D o g a S a a 


Neurofibrosarcomas 2/3 1/1 0/0 
Other soft-tissue sarcomas 5/7 2/4 1/3 
Sarcomas of bone or cartilage 3/8 0/5 0/4 


___ Sarcomas of Done or Cartage nn ARO) 
18/38 (45%) 









Survival 


5yr 10 yr 
11/17 6/11 

7/14 3/6 

5/8 4/7 


6/7 4/5 
2/5 0/2 


34/61 (57%) 


limbs. A constant reevaluation of anticancer techniques 
and agents is necessary to ensure the best treatment for 
patients. Adjuvant chemotherapy using isolation-perfu- 
sion treats all of the tissues primarily involved by soft-tis- 
sue sarcomas arising in the limbs, and thus makes it pos- 
sible to reduce the extent of surgical resection necessary 
to obtain control of the disease. It is a safe procedure that 
has been used on patients ranging in age from 7 to 80 
years. Isolation-perfusion with melphalan and dactinomy- 
cin is not recommended as an effective treatment for most 
sarcomas arising from bone or cartilage. 


Nonproprietary Names and 
Trademarks of Drugs 


Iodinated I 131 serum albumin—Albumotope I 131, IHSA I 131, 
RISA-131. 
Melphalan—Alkeran. 
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Discussion 


Rosert J. Lucas, MD, Detroit: I have a question. I noticed the 
heat exchanger in the system. After hearing about some work 
from Houston on hyperthermic perfusion, we began to use hyper- 
thermia, but we had some tremendous complications. We have 
gone back to normothermic perfusion. I wonder what tempera- 
ture Dr. McBride was using? 

E. THomas Bours, JR., MD, Columbus, Ohio: I congratulate Dr. 
McBride on this very interesting and significant paper. The expe- 
rience with sarcomas at Children’s Hospital in Columbus is a bit 
different with respect to both the type of tumor and the treat- 
ment. The major sarcoma with which we are concerned is rhab- 
domyosarcoma. We have been treating this for the past eight 
years, as have other member institutions of the Children’s Cancer 
Study Group A, with a combination of surgery, radiation therapy, 
and chemotherapy. In this instance, the chemotherapy is given 
systemically rather than regionally, and the drugs used are a com- 
bination of vincristine sulfate, dactinomycin, and cyclophos- 
phamide over 12 to 18 months. 

The surgical scope has also been reduced, in that we have not 
been doing major amputations and, generally speaking, have not 
been doing mutilative surgical ablations. However, it is true that 
in pelvic rhabdomyosarcomas, which are relatively common in this 
age group, the bladder and either the prostate or vagina are ordi- 
narily removed along with a Bricker urinary diversion. 

Radiation therapy is given postoperatively in all of these in- 
stances. Our results have changed dramatically in this period of 
time, and now over 70% of these individuals are free of tumor 
three years following the major therapeutic endeavor, which is a 
tremendous change from the days when surgical treatment alone 
was the primary consideration. 

Dr. MCBRIDE: The hyperthermic perfusions done in Houston 
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have been done by John Stehlin, MD. As we have been using a 
multiple-drug protocol, I have not added the extra risks of hyper- 
thermia, and, in fact, I believe Dr. Stehlin has reduced the level of 
hyperthermia he has been using. Originally the concept of hyper- 
thermia required a level of 48.9 C (120 F), but most of these pa- 
tients developed severe complications. The level of heating used 
was reduced to 44.4 C (112 F), then to 41.1 C (106 F), and I believe 
that many groups are now heating to between 38.9 C (102 F) and 
40.6 C (105 F), which is not very hyperthermic. We insert the drug 
into our perfusion circuit when the core temperature of the limb 
reaches 36.1 C (97 F) and we keep our temperatures below 38.9 C 
(102 F), so we perfuse with temperatures between 36.1 C (97 F) 
and 38.9 C (102 F) using a heat exchanger. 

I agree that to improve our current results— and this is what we 
are doing in many new cases—having treated the local lesion we 
then must go on and treat the patient systemically. We are using 
one of the doxorubicin protocols for systemie therapy, following 
initial therapy to the lesion in the limb, in high-risk patients and 
hope to produce better results by this addition. 

One very interesting paper by Dr. Tateishi of Tokyo recently 
shows the possibility of also making a breakthrough in the treat- 
ment of osteogenic sarcoma. He reported the use of high doses of 
drugs in perfusions for osteogenic sarcoma such that the limb is 
essentially destroyed. The limb is then amputated at two weeks, 
the argument being that by leaving this dead tumor connected to 
the systemic circulation for two weeks that perhaps the patients 
are autoimmunizing themselves to the sarcoma. Following ampu- 
tation they use systemic therapy, and out of 75 patients about 50 
have been observed for five years with a greater than 30% five- 
year survival. I think that in osteogenic sarcomas this survival 
rate would encourage all of us to greater efforts. 
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Altered Endogenous Fibrinolysis and 
Biochemical Factors in Atherosclerosis 


Richard A. Peabody, PhD; Makis J. Tsapogas, MD; Kwang-Tzen Wu, MD; 
K. Theodore Devera, MD; Allastair M. Karmody, MB; Charles Eckert, MD 


Biochemical and fibrinolytic factors that may affect atherogenesis 
were evaluated in 1,C77 subjects. Eight hundred thirty-six (78%) of 
them, of mean age 60.1 years, were found free of symptoms of ath- 
erosclerosis, while 241 (22%) of mean age 63.7 years, had definite 
signs and symptoms of atherosclerosis. 

There was a significant depression of the fibrinolytic activity in the 
atherosclerotic group, and fibrinogen, glucose, cholesterol, and tri- 
glyeeride levels were also ncreased. An age-matched comparison 
was carried out to eli ninatethe effect of difference between the two 
groups. The changes in the tested parameters remained significant, 
but, in addition, coagulation as measured by the activated partial 
thromboplastin time was significantly prolonged in the age-matched 
atherosclerotic group. 

The results suggest that depressed endogenous fibrinolytic activ- 
ity and other biochemical changes may be factors in atherogenesis. 


he pathogenesis of atherosclerosis is related to sev- 
eral factors such as heredity, diet, obesity, tobacco 
smoking, physical inactivity, and emotional stress. Nolf, 
in 1908, was the first tosuggest that fibrinolysis and coag- 
ulation are in a delicate physiological balance in the intra- 
vascular system end that there may be a dynamic equilib- 
rium between fibrin deposition and its clearance.' Astrup 
more recently suggested that a breakdown of this equilib- 
rium may lead to either hemorrhagic or thrombotic di- 
athesis.? A defective fbr:nolytic mechanism may, there- 
fore, play a role m atherogenesis by allowing fibrin depo- 
sition on the arterial imtima, which may lead to atheroma 
(Figure). The studies ef Duguid’ and others also support 
this theory’ anc suggest that one of the etiological fac- 
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tors of atherosclerosis may be an imbalance between in- 
travascular coagulation and endogenous fibrinolysis. The 
fibrinolytic system, therefore, may be either depressed 
and unable to meet the normal demands made on it, or the 
coagulation system may be too active for the normal level 
of fibrinolytic activity. Although some preliminary reports 
on depression of the fibrinolytic activity in atherosclerotic 
disease have appeared,** more work is needed to establish 
its role. The present study was undertaken to compare en- 
dogenous fibrinolysis between subjects with symptomatic 
atherosclerosis and asymptomatic ones. 


Materials and Methods 


Selection of Subjects.—A number of individuals included in this 
study were surgical patients of the Albany Veterans Adminis- 
tration Hospital, but the majority of subjects came from the Car- 
diovascular Health Center (CVHC) of the Albany Medical College. 
The latter group of male, predominantly white, civil servants are 
included in a prospective study of the precursors of degenerative 
cardiovascular disease at the CVHC.° These individuals undergo 
yearly evaluations of their cardiovascular status. The data in this 
study were collected from people seen between May 1971 and July 
1972. 

For this study the subjects were assigned in two groups. The 
criterion for inclusion in group 1 was the absence of clinical symp- 
toms of atherosclerosis based on a detailed medical history and 
clinical examination. Group 2 consisted of patients who showed 
signs of atherosclerotic occlusive disease of the lower extremities, 
coronary arteries, or cerebral arteries, or all three. All established 
parameters in the clinical diagnosis of atherosclerotic disease 
were employed in this study. 

Organization of Data for Analysis.—Information related to each 
patient was coded on punched cards and analyzed to standard sta- 
tistical methods with the aid of a computer. The following data 
were collected: 

1. Age 

2. Obesity index (actual weight divided by ideal weight for 
height x 100)'° 
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3. History of claudication and rest pain in the lower extremities 

4. Examination of carotid, brachial, femoral, popliteal, poste- 
rior tibial, and dorsalis pedis pulses 

5. Classification as asymptomatic subjects (group 1) or sympto- 
matic atherosclerotics (group 2) 

6. Presence of diseases such as hypertension, venous disease, 
diabetes mellitus, heart, and cerebrovascular disease 

7. Blood glucose, cholesterol, and triglyceride values 

8. Coagulation/fibrinolysis tests: fibrinogen, clotting time, acti- 
vated partial thromboplastin time (A-PTT), dilute clot lysis, eu- 
globulin lysis, fibrin plate lysis, and plasminogen levels 

Laboratory Tests.-The program of laboratory investigations 
was designed to evaluate factors in the blood known to be related 
to the atherosclerotic process as well as to coagulation and fibri- 
nolytic measurements. Thus venous blood was drawn at midmorn- 
ing from fasting individuals whose medical history was taken, 
and a complete physical examination was then carried out. A 
blood count (CBC), serum cholesterol, triglyceride," and blood glu- 
cose levels, clotting time, and the dilute blood clot lysis time”? were 
determined. Blood was also drawn into 0.1 volume of 3.8% citrate 
for the assessment of fibrinogen," euglobulin lysis time, eu- 
globulin fibrin plate lysis, plasminogen,“ and A-PTT." 

The thromboplastin preparation used in the A-PTT test con- 
tained Celite and phospholipids extracted from rabbit brain 
(Platelin plus activator). It should be pointed out that venipunc- 
ture was performed only once, but the blood used for the coag- 
ulation/fibrinolysis tests was drawn in a second syringe, after 
having taken blood for CBC, cholesterol, triglyceride, and glucose 
estimations. By this technique the effect of tissue destruction, due 
to venipuncture, on the coagulation and fibrinolysis indexes is re- 
duced. Euglobulin used for the determination of lysis time and fi- 
brin plate lysis was prepared by the method of Blix, in which 
plasma is diluted 1:20 in 0.0078% acetic acid (pH, 3.95) to precipi- 
tate the euglobulin at pH 6.4." Blix" and Ygge“ found that this 
pH of precipitation gives the highest degree of spontaneous fibri- 


310 = Arch Surg/Vol 109, Aug 1974 


nolysis in euglobulin fibrin plate lysis tests. The euglobulin 
precipitate is dissolved in a volume of 0.067 M potassium phos- 
phate buffer (pH 7.4) equal to the original volume of plasma used. 
The euglobulin lysis time test and the euglobulin fibrin plate lysis 
determination on unheated fibrin plates were done by methods de- 
scribed by Nilsson and Olow,"* except that 9 ml of 0.22% human fi- 
brinogen was used to form fibrin plates with thrombin. The fibrin- 
ogen was dissolved in 0.10 M diethylbarbiturate buffer (pH 7.8) to 
a measured concentration of 0.22% for all fibrin plate lysis assays. 
The reproducibility of replicate analyses of all tests was deter- 
mined to be + 10% or less. 


Results 


A total of 1,077 individuals were included in this study. 
Eight hundred thirty-six of them were determined to be 
asymptomatic as regards atherosclerosis (group 1) and the 
remaining 241 were symptomatic atherosclerotics (group 
2). Both groups were overweight when compared to a nor- 
mal value of 100, but there was no significant difference 
between the indexes calculated for each group (118+ 15.4 
for group 1; 117 + 17.9 for group 2). The mean age of sub- 
jects in group 1 was 60.1+ 8.0 years and that of group 2 
was 63.7 + 8.2 years. The difference is statistically signifi- 
cant (P<.001). 

In studying the predominant site of the atherosclerotic 
disease in the 241 patients in group 2, it is of interest to 
note that over half of the patients (131, or 54.4%) had pri- 
marily heart disease and in over one third (95, or 39.4%) 
peripheral arterial occlusive disease was the primary con- 
dition, although about one third of the latter group also 
had heart disease. The site of disease was cerebral in 15 
(6.2%) patients. Claudication was present in 88 (37.5%) of 
the 241 symptomatic patients and rest pain in 48 (20.2%). 

Table 1 shows the incidence of some coexisting diseases 
in both groups. While hypertension and veneus disease 
were found equally in both groups, the incidence of diabe- 
tes mellitus was significantly higher in group 2 (P<.002). 

The laboratory data on punched cards were analyzed by 
a pairwise correlation matrix program that compared 
overall trends in group 1 with group 2 data. The means of 
laboratory tests (continuous variables) in group 1 were 
compared to those in group 2 by an analysis of variance 
procedure known as the F test.'® The same computer pro- 
gram compared individual tests between the two groups 
so that the basis for the difference in population means 
could be determined. Tables 2 through 4 present group- 
ings of these data that illustrate the specific differences in 
the two groups. Fibrinogen, clotting time, and A-PTT 
were taken as indexes for the coagulation system. Of the 
three tests, only fibrinogen was different, the mean being 
significantly increased in group 2 (Table 2). It is seen from 
Table 3 that the fibrinolytic activity significantly de- 
creased in atherosclerotic patients as compared to control 
subjects. There was no significant difference in fibrinolyt- 
ic activity measured by the dilute clot lysis test in the two 
groups. 

It is known that fasting blood glucose and lipid levels 
are often elevated in atherosclerotics.?° The data shown in 
Table 4 are in agreement with such observations. The con- 
centrations of glucose, cholesterol, and triglycerides are 
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Table 1.—Associated Diseases in 
Athercsclerazic and Control Groups 


Hypertension 
Diabetes 
mellitus 


Venous 
disease 


Test Controls (836) 
Fibrinogen, mg/#00 m! 294 + 60 
Cietting time, min 8.94 = 1.85 












Activated PTT, sec 31.3+4.8 





* Values expressed es mear + SD. 


all significantly higher ia the atherosclerotic group. 

It was earlier stated chet the age difference between 
the two groups was statistieally significant. Further anal- 
ysis ef the data was carried out, therefore, to eliminate 
the possible influence of age on fibrinolysis and coag- 
ulatien. Each atherosclerotic patient was matched by age 
to an asymptomatie subject and a matched-pair t test was 
carried out on paired @nzinuous variables in the two 
groups. The matched mean age was 62.1 £ 7.2 years. 

The laboratory data im the age-matched group are pre- 
sented in Tables 5 througn 7. Fibrinogen was significantly 
increased in the athercesclerotic group, as in the un- 
matehed series. A notable change was the finding of a pro- 
longed A-PTT in the atherosclerotic group (Table 5). Age 
matehing did not a‘fect tae increased fasting glucose and 
triglyceride levels in the atherosclerotic group unmatched 
with controls. Cho-esterel levels of atherosclerotics, al- 
ready high in the unmatched group, were even more in- 
ereased in the age-matched group (Table 6). 

The effect of aze-matcaing of atherosclerotics and con- 
trols was more striking im the analyses of fibrinolytic fac- 
tors (Table 7). The depression in lysis expressed by a pro- 
longed euglobulin lysis tame in the atherosclerotic group 
was increased from 29 minutes in the unmatched group 
(Table 3) to 45 minutes ir the age-matched comparison of 
the same test (Table 7). Fibrin plate lysis depression was 
also greater in the age-matched than in the unmatched 
series. The considerable depression in lysis shown by these 
data lends strong support to our hypothesis of the impor- 
tance of the relationship of fibrinolysis and atheroscle- 
rosis. 


Comment 


The criteria im this stuely for classification of the sub- 
jects as atherosclerotics or asymptomatic controls have al- 
ready been discussed. It :s possible that a small number 
of individuals with atheromatous changes without overt 
symptoms and signs were classified in the asymptomatic 
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Table 2.—Coagulation Factors in Atherosclerotic and Control Groups* 

















Table 3.—Fibrinolytic Factors in 
Atherosclerotic and Control Groups* 
Athero- 
sclerotics 


(241) 
241 +151 






Controls 
(836) 
212+ 140 


Signif- 
icance 
P <.005 

















* Values expressed as mean + SD. 






Atherosclerotics (241) Significance 
335 + 88 P <.001 
9.14 + 1.84 NS 
31.9 + 4.9 NS 


group. This however, is of no significance because of the 
large number of subjects (836) in the asymptomatic group. 
The significantly higher incidence of diabetes in the ath- 
erosclerotic group is in agreement with its frequent asso- 
ciation with this disease. The high incidence of hyperten- 
sion in both atherosclerotics and controls led us to analyze 
its influence on the endogenous fibrinolysis separately. 

The endogenous fibrinolytic activity of the blood is due 
to the presence of activators that produce plasmin from 
circulating plasminogen. Plasmin is a proteolytic enzyme 
with a high specificity for fibrin. The activators arise 
partly from cellular elements of the blood, but mostly 
from vascular intima. Control of activator action to pro- 
duce plasmin can occur by inhibitors of the activator ef- 
fect, by variation in the release of activators from the in- 
tima, and perhaps by other means. Control of plasmin 
action is effected by other inhibitors known as anti- 
plasmins” (Figure). Astrup and Cocchieri reported that the 
content of activator in adventitial tissue covered by ather- 
oselerotic plaque is greater than in adjacent areas free of 
disease.”2 Constantini and co-workers found that the fibri- 
nolytic activity of the intima of atherosclerotic posterior 
tibial arteries contained less than half the activity mea- 
sured in control arteries free of disease.” 

These findings imply that activator release may be the 
most important factor in determining the level of fibri- 
nolytic activity in atherosclerotics; however, the role of 
other components of the control system must also be con- 
sidered. 

Spottl and his group found increased plasminogen levels 
and decreased fibrinolytic activity in 15 patients with ath- 
erosclerosis compared with nonage-matched controls.” 
The results of our series of 1,077 subjects differ in part 
from theirs in that there was no difference in plasminogen 
between the two groups in the presence of depressed fibri- 
nolysis. When our two groups were matched by age, the 
depression in fibrinolytic activity persisted. If we consider 
that coagulation and fibrinolysis in the body are in bal- 
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Table 4.—Altered Biochemical Factors in 
Atherosclerotic and Control Groups* 










Athero- 
Controls sclerotics Signif- 
Test (836) (241) icance 


Glucose, mg/100 mi 107 = 25 119+36 P<.001 
P <.005 


Cholesterol, mg/100 ml 216+ 33 224 + 45 
Triglycerides, mg/100 m! 132 +79 161 +87 P<.001 


* Values expressed as mean + SD. 




















Table 5.—Coagulation Tests in Age-Matched* 
Atherosclerotics and Controls 











Athero- 












Controls sclerotics Signif- 

(227) (277) icance 

Fibrinogen, mg/100 ml 290 + 32 329+88 P<.001 
Clotting time, min 9:2 £15 9.1 1.8 NS 

Activated PTT, sec 200 E35 31.7+5.1 P<.001 





* Mean age, 62.1 + 7.2 yr. Values expressed as mean + SD. 


ance, then decreased or depressed fibrinolytic activity 
should be accompanied by decreased coagulability. The de- 
creased coagulability shown by the A-PTT test in athero- 
sclerotics in the age-matched groups is thus matched by 
the depressed fibrinolytic activity of this group. The corre- 
lation of decreased coagulability with increased fibrino- 
gen is similar to the findings of Korsan-Bengtsen and co- 
workers* and suggests that an increase in one clotting 
factor activity may be balanced by decreases in other co- 
agulation factors. 

In addition to age, obesity, diurnal variation in fibri- 
nolytic activity, the presence of high serum lipid levels, di- 
abetes, hypertension, and other factors may be related to 
depressed fibrinolytic activity in atherosclerotics.2° Kor- 
san-Bengtsen and other associates studied coagulation 
and fibrinolytic factors in 788 men and found that obese 
subjects have a lower fibrinolytic activity than those of 
normal weight.” Obesity however, was not a major factor 
in our study since the calculated index was not signifi- 
cantly different between the two groups. The possibility 
that opposing diurnal variation in fibrinolytic activity, 
found highest in the daytime,” affected our results is neg- 
ligible since all blood samples were taken at the same time 
in the morning during the entire period of study. 

Lipemia was frequently found to inhibit fibrinolysis,?*-*° 
although this is disputed in some reports.*'** In a recent in 
vitro study it was shown that lipids markedly inhibited 
the lytic effect of plasminogen activator or plasmin when 
allowed to interact in blood prior to clot formation.” A 
similar situation may exist in vivo; the increased levels of 
cholesterol and triglycerides in the atherosclerotic group 
were probably responsible for at least part of the decrease 
in fibrinolytic activity. 

Fearnley and his associates reported a greater incidence 
of low fibrinolytic activity in diabetic patients than in 
age-matched nondiabetic controls.** Our data showed that 
the fasting glucose concentration was significantly in- 
creased in atherosclerotics. Also, our analysis of related 
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Table 6.—Biochemical Factors in Atherosclerotics 
and Controls Matched by Age* 










Athero- 







Controls sclerotics Signif- 
(277) (277) icance 
Glucose, mg/100 mi 108 +19 120+38 P<.001 





Cholesterol, mg/100 mi 210 + 32 226+46 P<.001 
P <.001 


Triglycerides, mg/100 ml 125+ 86 161 + 89 













* Mean age, 62.1 + 7.2 yr. Values expressed as mean + SD. 





Table 7.—Fibrinolytic Factors in Atherosclerotics 
and Controls Matched by Age* 


















Athero- 
Controls sclerotics Signif- 
(227) (227) icance 
Euglobulin lysis, min 194 + 125 240+149 P<.001 
Fibrin plate lysis, sq mm 124 £61 104 = 60 P <.001 















Plasminogen, CTA units/ml 2.44 + 0.30 2.46= 0.36 NS 





* Mean age, 62.1 + 7.2 yr. Values expressed as mean + SD. 


diseases in the two groups showed a greater incidence of 
diabetes in the atherosclerotic group. However, in a sepa- 
rate analysis of 72 age-paired diabetic and nondiabetic in- 
dividuals in our study, no correlation of diabetes with de- 
pressed fibrinolysis was found. 

The possible relationship of hypertension and fibrinolytic 
activity is of obvious importance in view of its high inci- 
dence in this study and the population at large. We previ- 
ously reported that hypertension is associated with de- 
pressed fibrinolytic activity in the absence of symptomatic 
atherosclerosis in 833 subjects of our present series.” 
However, when we compared hypertensive and normoten- 
sive patients in the symptomatic atherosclerotic group, 
there was no difference in endogenous fibrinolytic activ- 
ity. 

Tsapogas studied the fibrinolytic activity of 22 patients 
with peripheral atherosclerosis and compared it with that 
of 25 controls. He found 12 of 22 with peripheral ath- 
erosclerosis to have depressed fibrinolytic activity, while 
in none of the controls was this activity abnormal.’ A sim- 
ilar finding was recently reported by O’Brien in a small 
number of atherosclerotic patients.” Depressed fibrinolyt- 
ic activity in patients with peripheral atherosclerosis,*:*° 
acute myocardial infarction,’*** and coronary artery dis- 
ease” was also reported. 

Drugs orally administered were shown to enhance, in a 
sustained way, the fibrinolytic activity.*°*' This may have 
a potential application in the prevention or treatment of 
diseases related to depressed fibrinolysis. 

This study showed that patients with symptomatic ath- 
erosclerosis have significantly decreased fibrinolytic activ- 


ity. 


This investigation was supported by the Veterans Administration, proj- 
ect 8550-04. 

Joseph T. Doyle, MD, Albany Medical Center Hospital, and the physi- 
cians associated with the Cardiovascular Health Center made pertinent 
clinical and laboratory data available to us for this study. 

Steve Selvin, PhD, and the Albany Medical College Computer Center 
provided assistance in the statistical analysis. 
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Necrotizing Enterocolitis 


An Emerging Entity in the 
Regional Infant Intensive Care Facility 


Stacy A. Roback, MD; John Foker, MD; Ivan F. Frantz, MD; Carl E. Hunt, MD; 


Rolf R. Engel, MD; Arnold S. Leonard, MD, PhD 


Sixty-nine infants with necrotizing enterocolitis (NEC) were eval- 
uated and compared to age- and weight-matched controls in an at- 
tempt to elicit factors that might point to a cause of this disease. Of 
the current theories advocated as possible causes of NEC, such as 
neonatal hypoxia, umbilical arterial catheters, sepsis, respiratory dis- 
tress syndrome, disseminated intravascular coagulation, or ex- 
change transfusion, none appeared more frequently in the study 
group as compared to the controls. The finding that enteric feedings 
were begun in all patients with NEC suggests a possible role in 
the cause. 


as the original case report by Genersich in 

1891,' necrotizing enterocolitis (NEC) has gained rec- 
ognition as a highly lethal disease of the newborn child. 
The pediatric and surgical literature has, in the last five 
years, experienced a plethora of articles on the subject re- 
flecting not only a growing recognition of the problem, 
but also an increased incidence of its occurrence. The diag- 
nosis of NEC is now made in approximately 3% to 8% of all 
premature infants in an intensive care center. 

The purpose of this report is to evaluate patients with 
NEC as they compare to matched controls from the same 
intensive care facility, to outline their therapeutic man- 
agement, and finally to discuss past, present, as well as fu- 
ture areas of investigation directed at uncovering the 
cause of this disease. 
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Materials and Methods 


The clinical, surgical, pathologic records, and roentgenograms 
of patients with the diagnosis of NEC were reviewed. During the 
period Jan 1, 1970, through Sept 1, 1973, 69 patients with NEC 
were seen among 1,604 admissions to the newborn intensive care 
unit at the University of Minnesota Hospitals. These patients rep- 
resented 4.3% of the total admissions and 7.5% of the premature 
admissions during this period of study. 

A control group was created by selecting the patients admitted 
to our unit immediately before and after each patient with NEC, 
providing their birth weight was within 50 gm (1.75 oz) of the pa- 
tient in the study group. This method of selection, therefore, pro- 
vided a control group approximately equal in gestational age and 
weight to the study group, and tended to equalize such variables 
as nursery practice, house staff, and other environmental factors. 
In some cases only one control patient was selected, resulting in a 
control population of 98 patients. 


Results 


The Table summarizes the birth weight and gestational 
ages of the study and control groups. Over 50% of our pa- 
tients weighed less than 2,000 gm (4.41 lb) at birth or were 
less than 37 weeks gestational age. This did not differ sig- 
nificantly from the control group admitted to-our unit dur- 
ing the same period. Of those nonpremature infants with 
NEC, three had cyanotic congenital heart disease and one 
had erythroblastosis fetalis. 

Apgar scores were available in approximately two 
thirds of the patients in both groups. There was no signif- 
icant difference in the occurrence of low scores ( < 5) be- 
tween the NEC and control patients: at one minute: NEC, 
62%, control, 51%; at five minutes: NEC, 33%, control, 32%. 
Hypotension (flush, blood pressure less than 30 mm Hg) or 
hypothermia (rectal temperature less than 36.1 C [97 F) 
was recorded in approximately 20% of both control and 
NEC groups. The incidence of respiratory distress syn- 
drome (RDS) and the severity of its course in both groups 
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Comparison cf NECand Control Infants by Weight 
and Gestational Age 


NEC, % Control, % 
Birth weight, gm (lb) 
<1,000 (<2.2) 2 5.0 
1,000—1,499 (2.2—3.3) 40.7 38.8 
1,500—1,999 (3.3—4.1) 33.3 35.7 
2,000—2,499 (4.1—5.5) 74 8.3 
>2,500°( >5.5) 13.0 12.2 


Gestational age, weeks 


is as follows: none: NEC, 27%, control, 25%; mild: NEC, 
24S; control, 25%; moderate: NEC, 7%; control, 4%; severe: 
NEC, 42%; control, 46%. Although 75% of patients with 
NEC have RDS, there is no significant difference between 
the two groups. Thirty-seven percent of the survivors of 
NFE and 60% of th2 nonsurvivors had stage 2, 3, or 4 RDS, 
suggesting that ths condition does have an adverse effect 
on outcome. 

With only twe exceptions, all patients with NEC had 
umbilical arterial catheters in place prior to the time of 
diaznosis. Fifty-two were removed at or shortly after the 
diaznosis was made. Seven were removed between one 
and five days prior to diagnosis, and five were removed 
more than seven days prior to diagnosis. The average du- 
raten of arterial catheterization was 7.6 days. Seventy- 
three of the contrel groap had arterial catheters for an 
average of 5.4 days. Venous catheters were inserted in 
89% of NEC patients and 43% of controls. 

Cne hundred percent of patients who developed NEC 
hac been fed prior to the onset of symptoms. Most were 
taking 20/calorie/oz commercial feedings, either by 
gavage or by moata. The average volume given per feed- 
ing was 15 ml/kg delivered every two to three hours. 

The average caloric intake delivered to the gastroin- 
tes inal traet was £0 calories/kg/day. Sixty-three percent 
of the control patients were receiving enteric feedings on 


the day of life correspording to the respective NEC pa- - 


tients’ onset of disease. The average caloric intake of 
these patients was 82 ca.ories/kg/day. 

Goagulation stud-es were carried out on all but three pa- 
tients at or after the diagnosis of NEC was made. Dis- 
seminated intravascular coagulation (DIC) as diagnosed 
by clinical evidence of bleeding; prolonged prothrombin, 
parzial thromboplastin, and thrombin times; and a falling 
facer V and platelet count occurred in 49% of the pa- 
tierts. In patients in whom DIC was suspected, serial 
mezsurements of coagulation indexes were made to con- 
firm the diagnosis. Half of the patients with NEC and 
DIC required at lezst one two-volume exchange transfu- 
sior. Two thirds of the nonsurvivors of NEC had DIC, 
while only one fourth of the survivors had DIC. Of the to- 
tal number of patients with NEC and DIC, 85% died. In 
40% of the patients in whom the onset of DIC could be ac- 
eurately determined, it eppeared to occur as a terminal 
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event. It occurred in only 16% of the control group and 
none survived, and one died within 24 hours of the diag- 
nosis. 

Sepsis occurred in 38% of the patients with NEC. Fifty- 
six had stool cultures at the time of diagnosis. The results 
of these cultures are as follows: Klebsiella, 38%; Esche- 
richia coli, 36%; coagulase-negative Staphylococcus, 30%; 
a-Streptococcus, 24%; Candida albicans, 16%; Entero- 
coccus, 10%; Pseudomonas aeruginosa, 8%; B-Streptococcus, 
2%: and sterile, 14%. The total percentage is greater than 
100% since more than one organism grew from many 
specimens. Positive blood cultures usually matched an or- 
ganism also found in the stool. Fourteen percent of the 
controls had positive cultures and the organisms were en- 
terie in six cases. The types of organisms cultured were 
similar in both groups. 

Survival of patients with NEC is poor, but recent results 
suggest improvement, perhaps due to earlier recognition 
and prompt institution of therapy. Our overall survival (69 
patients) is 37% over the period covered by the study and 
has improved to 65% in the last 12-month period of review. 
Survival with medical therapy (27 patients) is 47% overall 
and has improved to 80% in the 12-month review period. 
Survival with surgical therapy (42 patients) is 32% overall 
and in the 12-month review period improved to 43%. 

Abdominal roentgenograms of affected infants were 
critically examined for extent of pneumatosis cystoides 
intestinalis, degree of bowel distention, pneumo- 
peritoneum, and portal gas. No difference could be found 
between the survivors and nonsurvivors in any of these 
factors. In addition, there was no correlation between the 
extent of pneumatosis on roentgenograms (present in 75% 
of the cases) and the outcome and extent of diseased 
bowel found at autopsy. 


Treatment 


Successful treatment of NEC of the newborn rests on 
early recognition. A clinical diagnosis should never await 
roentgenographic confirmation before treatment is insti- 
tuted. All enteric feedings are withheld and nasogastric 
decompression is instituted. Systemic antibiotics are be- 
gun. The initial antimicrobial agents used must be di- 
rected against numerous pathogens of enteric origin. We 
favor ampicillin and gentamicin sulfate, modifying these 
selections as guided by in vitro sensitivity studies of cul- 
ture specimens obtained from blood, stool, and urine. 
Fluid, electrolyte, and acid base balance must be moni- 
tored and treated vigorously. Abdominal roentgenograms 
are observed at four- to six-hour intervals and coagulation 
studies monitored carefully. 

If the patient’s general condition improves, surgery is 
deferred. The patient is maintained on nasogastric suc- 
tion and antibiotics for seven to ten days. Cautious feed- 
ings are then begun, usually starting with small volumes 
of electrolyte-containing solutions with gradual progres- 
sion to dilute and then full-strength formula. The infant 
is observed for recurrence of symptoms, and roentgen- 
ographic studies carried out as is indicated. We have 
found that attempting to feed children with NEC earlier 
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than one week is most often met with failure, and is asso- 
ciated with an exacerbation of their symptoms. For this 
reason, most of our patients are maintained on peripheral 
or central hyperalimentation during the period of bowel 
recovery. 

The indications for surgical exploration in patients with 
NEC are as follows: (1) roentgenographic evidence of per- 
foration and/or rapid clinical deterioration; (2) refractory 
metabolic acidosis; (3) shock; (4) DIC; (5) air in the portal 
vein. 

An occasional patient who has been successfully man- 
aged medically will ultimately require surgery because of 
persistent small bowel obstruction, secondary to trans- 
mural stricture formation in an area of bowel affected by 
enterocolitis. 

Surgical therapy is directed at resection of all nonviable 
or acutely inflamed bowel with creation of an ileostomy or 
colostomy and a distal mucous fistula or turnover of the 
distal part of the bowel. Reanastomosis is never carried 
out at the time of primary resection. This is accomplished 
electively prior to discharge or preferably at a future ad- 
mission. At the time of surgery, a central venous catheter 
is placed in the right atrium via a jugular vein and hyper- 
alimentation instituted immediately in the postoperative 
period. A properly managed ileostomy or colostomy has 
not, in our experience, been a limiting factor in the 
growth and development of an infant who has survived an 
acute episode of NEC, providing a sufficient length of 
small bowel remains. 


Comment 


The typical infant who develops NEC is premature by 
both weight and gestational age. Eighty percent of all pa- 
tients with the disease weigh less than 2,000 gm (4.41 1b) 
at birth and have a gestational age of 34 weeks or less. 
Typically, the “at risk” infant will have other life-threat- 
ening conditions such as a hyaline membrane disease, 
cyanotic heart disease, sepsis, hemolytic disease, and so 
on. The most common coexistent is RDS, which occurs in 
at least 75% of the patients. The hallmark of the clinica] 
presentation of NEC is abdominal distention and ileus. 
This is followed by bile-stained, nonprojectile emesis and 
hematochezia. Lethargy, apneic episodes, thermal insta- 
bility, and metabolic acidosis often refractory to alkaline 
therapy are often present. Disseminated intravascular CO- 
agulation, hypoglycemia, and hyponatremia are often 
present alone or in combination, as well as falling blood 
pressure and urine output as the process progresses to in- 
testinal perforation, peritonitis, and generalized sepsis. 
Roentgenographic examination of the abdomen will re- 
veal pneumatosis cystoides intestinalis in approximately 
75% of the patients. This roentgenographic entity, air 
within the bowel wall, and its progressive extension to the 
portal venous system will ultimately allow visualization of 
air in the portal vein in one third of the cases. Gaseous dis- 
tention of the intestine is also a frequent sign and can ap- 
pear before or after pneumatosis cystoides intestinalis. 

It has been our observation that the disease appears in 
two distinct patterns: In one form, rapid deterioration oc- 
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curs; within 12 to 24 hours the infant progresses to necrosis 
of large portions of the small and large bowel with DIC, 
refractory acidosis, and death. The other group consists of 
a more slowly evolving syndrome with the early appear- 
ance of pneumatosis cystoides intestinalis, and conserva- 
tive therapy can be initiated until one of the classic indi- 
cations for surgical intervention becomes manifest. 

The cause of NEC remains obscure. Theories have been 
proposed by several investigators, none of which seems to 
be applicable to all cases. Most investigators have favored 
either infection or ischemia as the initial cause. Several 
bacterial organisms have been suggested, but conflicting 
data and lack of uniformity in the literature make bacte- 
rial infection as the precipitating event seem unlikely.*-° 
Our data show a variety of organisms of varying patho- 
genicity in blood and stool cultures, but no significant pre- 
ponderance of any organism (Fig 1). Vital studies need to 
be assessed, but will likely be unrewarding. Grouping our 
patients on the basis of their monthly or seasonal occur- 
rence failed to demonstrate any evident periodicity. Per- 
haps the best evidence in favor of infection is the report of 
frequent cases in some nurseries with others being spared. 
Such a situation exists in our own locale (Fig 2), but these 
phenomena can be explained in other ways. As a regional 
care center, our patients are frequently transported from 
great distances and have undergone a substantial deteri- 
oration period in their general condition prior to arrival. 

The umbilical artery catheter has been frequently dis- 
cussed as a possible factor in the cause of NEC. The an- 
giographic study of Neal et al’ shows a high incidence of 
asymptomatic thrombi associated with the catheter. They 
postulate that the placement of the catheter only as high 
as the aortic bifurcation may reduce the incidence of N EC, 
In fact, following the institution of this practice in 
their nursery, there was no change in the rate of occur- 
rence of the disease. Other studies report the use of umbil- 
ical artery catheters with varying frequency.*"’ In this 
series, all patients had catheters at sometime prior to the 
onset of their disease. Eighteen percent of the catheters 
were removed more than 24 hours prior to the onset of 
clinical disease and, if one subtracts these from the total 
number of patients with catheters, the NEC and control 
groups are similar. Aortic or mesenteric thrombi or both 
were seen at autopsy in only three of our patients and in 
only an occasional case in the literature.” 

It should be understood that the absence of thrombi 
does not exclude nor does it incriminate the umbilical ar- 
tery catheter as a contributing factor in the cause of NEC. 
A reduction in mesenteric blood flow caused by such a 
catheter could cause ischemia at the level of the bowel wall 
without thrombi being detected. A similar phenomenon is 
observed in the adult with mesenteric vascular insuffi- 
ciency. 

Our data neither proved nor disproved the theory advo- 
cated by others that NEC is the result of ischemic bowel 
changes brought on by transient hypotension and hypoxic 
insults with subsequent bacterial invasion of the bowel 
wall.’*’" The generally low Apgar scores and coexistent 
serious disease states that predispose to hypotension and 
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Fig 1.—Bacteria isolated from infants with NEC at University of Minnesota Hospitals. 


Fig 2.—Incidence of NEC at four neonatal intensive care units during 1971 to 1972. 
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hypoxia are certainly compatible with ischemia as a caus- 
al mechanism. However, the control group had both sim- 
ilar Apgar scores and frequency of associated disease. 

Exchange transfusion has been frequently mentioned 
as being associated with NEC.'*° The present series does 
not support this contention. Only three of our 69 patients 
received exchange transfusions prior to the onset of dis- 
ease. In addition, the frequency of the disease among the 
total number of patients who received exchange transfu- 
sions was not higher than the nursery population as a 
whole. 

The association of NEC with DIC was noted by Wilson 
and Woolley,‘ who reported thrombocytopenia in nine of 
16 patients. Hopkins et al! mentioned the frequent occur- 
rence of petechiae, pulmonary hemorrhage, and intracra- 
nial hemorrhage at postmortem, but did not relate these 
observations to possible DIC. Whitehead’ noted in his 
series of adults without major vessel occlusion that many 
had microscopical findings at autopsy consistent with 
DIC. Others have suggested that the low platelet count 
may be a manifestation of the Schwartzman phenom- 
enon.’*:'* The presence of documented DIC in a large per- 
centage of our patients would at first tend to support this 
possibility. However, the onset of DIC in our patients did 
not occur prior to the onset of NEC, but rather after the 
disease was well established and became more severe as 
the disease progressed. It is our feeling that DIC is a 
secondary event resulting from the release of tissue 
thromboplastin from necrotic bowel, that its presence is a 
poor prognostic sign and must be considered an absolute 
indication for exploratory laparotomy. 

In 1965, Mizrahi and co-workers” suggested that pre- 
ponderance of Gram-negative organisms in the gut led to 
increased susceptibility to the action of endotoxin. They 
suggested that because cow’s milk-based formulas are 
deficient in lysozyme, infants fed such formulas may be 
more susceptible to the disease since their gastrointestinal 
tracts contain predominantly Gram-negative bacteria. No 
further data in this area have been forthcoming since 
their original report. 

The significance of feeding in the pathogenesis of the 
disease has not been previously discussed. Bell et al men- 
tioned that 42 of their 43 patients received formula feed- 
ings, but in other series there was no mention of feedings. 
All infants in our study group received formula feedings 
prior to the onset of symptoms. The volumes and caloric 
intake were not excessive for infants of their age or 
weight, yet distention was a frequent presenting finding, 
even in the presence of bowel sounds. Engel et al” have 
suggested an apparent association between feedings and 
the presence of intramural gas on roentgenograms. 

Coello-Ramirez et al*' described the association of pneu- 
matosis cystoides intestinalis with diarrhea and carbohy- 
drate malabsorption in older infants. They postulated that 
carbohydrate in the gut plus the presence of bacteria in 
the duodenum are necessary for the development of pneu- 
matosis cystoides intestinalis. Pneumatosis cystoides in- 

testinalis did not occur in patients who tolerated carbohy- 
drate or whose duodenal aspirates were sterile following 
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antibiotic therapy. Although these patients did not have 
NEC, it appears that at least one aspect of the disease 
may be related to enteric feedings. The unanswered ques- 
tion remains: does enteric feeding allow NEC to become 
manifest in a high-risk group of infants? A randomized 
control study is currently being developed in our unit to 
attempt to answer this question. 

The most convincing theory regarding the cause of NEC 
was that originally proposed by Lloyd, who suggested 
that in the stressed newborn, reflex redistribution of the 
circulation takes place shunting blood from organs less 
vulnerable to anoxia to the heart and brain. Other evi- 
dence exists to support the concept that ischemia is the 
basis for the development of NEC, most notably that 
brought forth by Touloukian et al. These studies have 
been supported in our laboratory” where decreased blood 
flow in the colon and distal small bowel was observed in 
newborn puppies subjected to the stress of posterior hypo- 
thalamic stimulation. Corday et al” have demonstrated a 
similar syndrome in the adult who has been subjected to 
the stress of shock or cardiac decompression. Descriptions 
of the pathologic findings also lend support to the concept 
of ischemia as the cause of NEC."*'5:22:26 

It appears from the foregoing observations that mul- 
tiple factors are responsible for the progression of NEC to 
its overt clinical manifestations. Besides the possible di- 
rect effect on the bowel wall of ischemia and subsequent 
bacterial invasion, the systemic milieu of the premature 
baby may be of equal importance. In preliminary observa- 
tions in our laboratory, bacterial growth was significant 
when either the serum or the white blood cells of children 
with NEC were added to appropriate culture media. If in- 
different adult serum or white blood cells were added to 
the system, bacterial growth could be reduced signifi- 
cantly. There seems to be an immunologic variance in 
these susceptible individuals that needs further investiga- 
tion. 

In order to make significant progress in the treatment 
of this disease, nationwide controlled studies should be in- 
stituted so that this information may be rapidly gathered. 
Among those factors besides the standard treatment regi- 
mens that would lend themselves to such a study, are the 
role of enteric feedings, the use of prophylactic systemic 
or oral antibiotics, and the manipulation of intestinal bac- 
teria by the addition of Lactobacillus. It is through efforts 
such as these that a more rapid and greater impact can be 
made on the mortality and morbidity of this disease. 


Nonproprietary Name and Trademark of Drug 


Gentamicin sulfate—Garamycin. 
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Discussion 


Lesmr W. MARTIN, MD, Cincinnati: We are all indebted to Dr. 
Leorand fer his careful investigation of the causal factors in this 
distæsing condition that we have seen in epidemic proportions in 
receal years. It is seen predominantly in infants who have sur- 
xive period of severe asphyx:a or shock-like state. It is a sim- 
ilar eomdition to that occasionally encountered in the adult. It may 
follow =xchange transfusions, particularly if the umbilical vein 
catheter becomes misdirected into the portal system. We feel 
those catheters must be positioned roentgenographically prior to 
exchinse transfusions. 

Ina wrospective study of 22infants with NEC, we are convinced 
the anil indication for operacion is perforation. 

Tl= liagnosis can be estadlished by means of the diagnostic 
triac œ gastrointestinal trac: bleeding, either by vomiting or by 
rectum and reentgenegraphic evidence of intestinal distention 
and emeumatosis cystaides intestinalis. On the basis of this, we 
havesi==d a conservative regimen for treatment consisting of the 
usua surgical principles of nasogastric suction, intravenous 
fluids, and bleod and artibioties. We have also added intraluminal 
antik odes to the nasogastric cube, but we are not certain of their 
value 

We onsenve these patients carefully, and with this regimen all 
our 2 patients have recovered without perforation. Two of them 
had late complications of stenosis and abscess. 

We ae convinced this is a surgical condition and that it can be 
successaully treated without operation in about 90% of the pa- 
tients. 

Jay L. GROSFELD, ML, Indienapolis: Necrotizing enterocolitis is 
a sig- İÌfcant problem in all high-risk neonatal centers. Approxi- 
matey 2% to 3% of all admissions to most neonatal centers will 
have -hss condition. We are cbliged to Dr. Leonard for sharing 
with as the information on such a large group. 

Over he last 22 months at the Riley Children’s Hospital at the 


Indiaaa University Medical Center, we have seen 24 such patients. 


I theezhtit would be worthwhile to speak of the pathology. The 
most akely eause is a hypoxic msult to the gut. In the small bowel, 
the nuicosa is the most sensitive to hypoxia. Here we see ulcera- 
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tion, passage of bacteria and air into the wall of the bowel, and 
pneumatosis. Air gets into the mesenteric venous system and 
eventually ascends to the portal vein. 

We have observed that the earliest symptom is that the baby 
often refuses feedings and has gastric distention. Alse, there may 
be periumbilical erythema. 

Another source of interest is the proximity of mest cases of 
NEC to the ileocecal area. Perhaps many years ago many of these 
instances were recorded as neonatal appendicitis, which probably 
rarely occurs. In retrospect, these were more likely due to cases of 


NEC and perhaps occasional blowouts from distal obstructive 


Hirschsprung disease. 

Surgical therapy should almost never include a primary anasto- 
mosis. Usually, we are unsure about the vascularity of the remain- 
ing bowel and perform a double-barrel enterostomy rather than 
separating the two loops as described by Dr. Leonarc. 

These babies are often septic and may require exchange trans- 
fusion with heparinized blood in instances of DIC. 

The key considerations are: How do you treat these patients? 
When do you make a medical versus surgical decision? After read- 
ing Dr. Leonard’s paper and reviewing our own data, we are now 
recognizing NEC earlier and can treat it conservatively rather 
than going ahead with surgery in many instances. 

Last but not least, I would like to know Dr. Leonard’s thoughts 
concerning the “perforation-only concept” as the indication for 
operation. I, personally, am firmly against this, as in our series 
less than half of the patients with perforation showed free air on 
roentgenograms. 

Dr. LEONARD: I thank Drs. Martin and Grosfeld for their discus- 
sion. I agree that perforation by itself is not the sole indication for 
surgery. In our series, also surgical cases, about half of the group 
had perforation. Again, one must be very careful in evaluating 
types of therapy for these individual cases, and control studies are 
necessary to bring out the final evaluation. 

Dr. Martin’s group was very interesting. A question in utiliza- 
tion of oral antibiotics was whether they would reach the small in- 
testine with the severe ileus. 
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“Spontaneous” Blastogenic Transformation 


A Monitor of Immunosuppression 


John C. McDonald, MD, Juing H. Lee, MD 


“Spontaneous” blastogenic transformation was measured 203 
times in 39 individuals including 20 renal allograft recipients. A 
value that could be considered unusually high (2,100 disintegrations 
per minute) was determined statistically. Such elevated values were 
shown to be produced by antigenic stimulation. In the transplant re- 
cipient, an elevation indicated escape from immunosuppressive ther- 
apy. When no evidence of infection existed, an elevation usually her- 
alded a rejection crisis. It can be cautiously used to indicate need for 
increased immunosuppressive therapy. 


He renal transplantation is an accepted method of 
treating end-stage renal disease. Nevertheless, fail- 
ure occurs all too frequently. In roughly half of the pa- 
tients treated by renal transplantation, some form of re- 
jection occurs within the first few months. It would seem 
that methods to establish the diagnosis of rejection prior 


to actual tissue damage would be desirable. Hopefully, 


early treatment would minimize permanent damage. We 
have demonstrated the value of daily serologic testing for 
human antirat heterophile antibodies to diagnose rejec- 
tion.’ This heterophile transplantation antigen (HT-A) 
system is related primarily to accelerated acute and acute 
rejection. It is not helpful in diagnosing rejection due to 
incompatibilities in the human lymphocyte antigen (HL- 
A) system. 

Tennenbaum et al reported the presence of blast-like 
cells in the circulation of patients with renal allograft re- 
jection. Subsequently, Hersh et al,’ Page et al, and 
Parker and Mowbray” utilized the uptake of tritiated 
thymidine or uridine to quantitate the blastogenic trans- 
formation that occurred “spontaneously” in circulating 
blood. A positive correlation with rejection was reported. 
Presumably, this blastogenic transformation is analogous 
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to that observed in mixed lymphocyte cultures, except 
that the stimulating antigens are provided from endoge- 
nous sources. We studied this process in an animal model 
originally, and found an increase in “spontaneous” blas- 
togenic transformation (SBT) to precede rat heart allo- 
graft rejection." 

This article records our studies with SBT in human sub- 
jects. The data show that SBT does indicate antigenic 
stimulation and the ability of the host to respond to that 
stimulation. However, the antigenic stimulation may be 
provided by allografts or by infectious agents. The SBT is 
increased in most but not all allograft rejection episodes, 
and is elevated in “HL-A related” as well as “HT-A re- 
lated” rejections. 


Materials and Methods 


“Spontaneous” Blastogenic Transformation.—Leukocytes were ob- 
tained from at least 20 ml of heparinized blood by sedimentation 
with 4% povidone. Granulocytes were removed by filtration 
through a column of nylon. Platelets were removed by differential 
centrifugation. Erythrocyte contamination was deared by hypo- 
tonic lysis. The blood cells thus obtained were more than 90% 
mononuclear. Viability was determined by dye exclusion. Each 
culture contained 4 x 10° viable cells in 2 ml of medium composed 
of 75% complete Eagle minimal essential medium, 25% autologous 
plasma, and 2 microcuries of tritiated thymidine. Cultures were 
performed in triplicate and were incubated at 37 € ina 5% CO, en- 
vironment for 24 hours. The reaction was then stopped with 5% 
trichloroacetic acid, and the uptake of tritiated thymidine was de- 
termined in a liquid scintillation counter. Each sample was 
counted twice, and the results were converted te disintegrations 
per minute (dpm). 

Human Antirat Heterophile Antibody Test.—These determinations 
were made as described before.’ An eight-fold or greater change 
in titer in a nonimmune individual was considered significant, 
based on the confidence levels of hemagglutination and previous 
observations of the heterophile response in renal allograft rejec- 
tion.” 

Clinical Material.—Thirty-nine subjects were studied. They may 
be grouped as shown in the Table. Ten healthy volunteers and 
four dialysis patients were studied once. Five patients were oper- 
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Fig 1.—Firs: elevated SBT value (if any occurred) associated with ten rejections correlated to the time rejection was diagnosed. There was a 


tendency for 2ievated values to occur before rejection was diagnosed. 


ated on electively and were studied preoperatively, and twice 
posteperatively onmostoperative days 1 and 6 through 8. The elec- 
tive operations consiszed of an inguinal herniorrhaphy, a renal ar- 
tery angieplasty, a nephrectomy, an exploratory laparotomy, and 
a chelecystecsomy with choledochostomy. 

All 20 trarsplant recipients were studied twice weekly after 
cransplantatien for up to six weeks. Eighteen of the 20 were stud- 
ied preoperatively while in renal failure. 

The diagnosis of rejection was made according to previously 
published eriteria.™ Rejections were classified as hyperacute, ac- 
eelerated acute, acute, and chronic as recorded earlier.*“ The first 
three clinical zroups were observed in this study. 

Rejections were also classified as being HT-A related or HL-A 
related. Rejection was considered HT-A related when an eight- 
fold or greater rise în heterophile antibody occurred in association 
with rejectior or when a high-titered anti-HT-A antibody pre- 
ceded transplantation and rejection occurred.’ Rejections were 
dassiñed as being related to HL-A when rejection occurred in the 
absence of an anti-ET-A response and in the presence of HL-A in- 
compatibility. 
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Results 


Blood samples from 37 subjects were studied for SBT at 
a time when the subjects were not known to be respond- 
ing to any antigenic stimulus. The Table shows the mean 
disintegrations per minute observed in those control val- 
ues. There were no differences among the various groups; 
therefore, the data were pooled to determine the usual or 
“naturally occurring” SBT. The mean of these control val- 
ues was 10,018 dpm. Since the standard deviation (SD) 
was 5,391 dpm, any lymphocyte preparation that incorpo- 
rated sufficient tritiated thymidine to produce > 20,800 
dpm (mean +2 SD) had a 95% probability of being abnor- 
mally high. We therefore considered 21,000 dpm to be evi- 
dence of an in vivo immunologic response. 

None of the five surgical patients without renal failure 
had elevated SBT values either pre- or postoperatively. 
We concluded that neither surgery nor anesthesia pro- 
duced an increase in SBT. 
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Clinical Material Studied and Control Spontaneous Blastogenic Transformation Data 


Normal volunteers 

Patients 
Dialysis 
Preoperative elective surgery 
Transplant recipients 

Total 





* Control study done when subject had no known stimulation. 
t From 18 to 20 subjects studied preoperatively. 


A total of 203 SBT experiments were performed, and 
21,000 dpm were recorded 57 times. Three of these were in 
control determinations. One was shown subsequently to 
be associated with Australian antigenemia. The other two 
may have been abnormally high due to unknown antigenic 
stimulation. The remaining 54 abnormal values were ob- 
served in patients after renal transplantation. The clinical 
conditions associated with these elevated values are as 
follows: 


R 


ejection 27 
DMG, “Spree an on Ca 
Infection & rejection 2 
Urinary extravasation 1 


a — es 


Lymphocele 2 
Indefinite 8 


Twenty-seven were associated with eight rejection epi- 
sodes in eight patients. Fourteen were associated with in- 
fection in six patients, and two were from one patient 
with simultaneous infection and rejection. Five of eight 
elevations from the indefinite group were obtained from 
one patient over a period of 60 days. During that time, he 
received a renal allograft and recovered without complica- 
tion; however, his blood was consistently positive for Aus- 
tralian antigen. He had no chemical or clinical evidence of 
hepatitis. Thus, it was clear that SBT increases were ac- 
companied by antigenic challenge. 

There were five patients who never had an elevated 
SBT. Three of these never had rejection or infection; one 
had an overwhelming infection and died; and one had an 
accelerated acute rejection secondary to preexisting anti- 
HT-A immunity. 

Figure 1 illustrates the relationship between time of el- 
evated SBT and time of rejection. The tendency for SBT 
to be elevated in advance of rejection was clear. In one pa- 
tient (extreme left, Fig 1), SBT was elevated 11 days prior 
to rejection. Additional values obtained seven days and 
one day prior to rejection were also elevated; however, this 
patient also had a concomitant minor shunt infection that 
presumably accounted for the SBT elevations so long in 
advance of rejection. | 

One patient (shown at day 0 in Fig 1) had an acceler- 
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Mean Disintegrations 
No. per Minute + 1 SD* 


10,539 + 7,804 


9,948 + 5,027 
9,991 + 3,827 
9,752 + 5,974t 


10,018 + 5,391 
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Fig 2.—Sequential SBT values from patient who had lymphocele 
and rejection episode. See text for details (patient 1). 


ated, acute, HT-A rejection without an elevated SBT. 
None of the six SBT values obtained on this patient were 
elevated, although rejection was complete and transplant 
nephrectomy was performed on postoperative day 10. Un- 
fortunately this was the only rejection observed in this 
series associated with presensitization to the HT-A 
system. 

One patient (shown on day 2, Fig 1) had a hyperacute 
HL-A rejection and the first SBT obtained was on postop- 
erative day 2, which was high. 

One patient (shown on day 5, Fig 1) had an abnormal 
SBT on postoperative day 37, which was five days after he 
had been treated for rejection. Nine previous determina- 
tions were within normal limits. There was, however, a 
further deterioration in renal function shortly after the 
elevated value was obtained. In addition, this patient’s 
course was complicated by an acute ischemic injury that 
confused the clinical events. 
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Bi 3.—Sequential SBT vasues from patient who had HT-A rejection associated with high anti-HT-A titer. See text for details (patient 2). 


Acs ~ tubular necrosis, ATN. 


@f the ten episodes of rejection observed, one was a hy- 
peracute HL-A, one an accelerated acute HT-A, five were 
acuse HL-A, ane three were acute HT-A rejections. Ele- 
vaved SBT values were chserved in each type of rejection 
exeept in the one exampE of accelerated acute HT-A. This 
is en immune type of rejection due to pretransplant sensi- 
tization. 

Tae value of this test system as a means of assaying im- 


Mmumesuppressiom can be appreciated by individual case 
studies. 


Report of Cases 


CsE 1—This patient (Fig 2) received a renal allograft from a 
cadaver donor. Early renal function was good. A lymphocele de- 
velqped in the wound and was drained through a small dependent 
sta. wound on posteperative day 10. Sump-suction was instituted. 
The wound was never clinsally infected. Initial cultures were 
stemie, but on postoperative day 20 a mixed flora was cultured 
con-aming three organisms. The SBT became elevated by postop- 
eramve day 12 but had beer rising previously. This was presum- 
ably produced by the antigenic stimulation provided by bacterial 
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contamination. The SBT values returned to normal as the wound 
drainage cleared, but rose again, heralding an acute rejection epi- 
sode. The rise preceded the clinical diagnosis of rejection, and 
again returned to normal when rejection subsided. This rejection 
was considered due to HL-A incompatibility since there was a 
three-antigen incompatibility and no anti-HT-A response oc- 
curred. The SBT values accurately reflected the patient’s response 
to antigenic stimulation and could have been taken to indicate the 
need for additional immunosuppression. 

Case 2.—This patient (Fig 3) received a kidney from a 
genotypically HL-A identical donor. This was determined by se- 
rotyping his two parents and three siblings and deducing the 
family genotype. Identity was confirmed by nonreactive mixed 
lymphocyte reactions between the patient and donor and the do- 
nor and patient. An acute rejection episode occurred that could be 
divided into two phases. These were associated with the antece- 
dent development of high-titered anti-HT-A antibodies. Each “‘es- 
cape” from immunosuppression was associated with an abnor- 
mally high SBT value. Thus, HT-A rejection as well as HL-A 
rejection can be associated with elevated SBT. 


Note from Fig 1 and 2 that three groups of intravenous 
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injections of massive amounts of steroid were adminis- 
tered in these two patients. On two occasions the steroids 
were administered well after elevation of SBT, and SBT 
values fell rather than increased further following mas- 
sive steroid therapy. The relationship between SBT and 
steroid therapy is not clear in the third instance (phase 2, 
Fig 2). 


Some have suggested this rise in SBT to be the result of 


massive steroid therapy.'*'* We observed a rise in SBT 
following massive steroid therapy in only two of 12 
courses. In all others the SBT was high before massive 
steroid therapy and generally fell or remained the same 
following therapy, depending on the effect on rejection. 
The same principle held in relation to infection, ie, SBT 
declined as infection was controlled. In fact, we inter- 
preted the rise in SBT following steroid treatment seen 
on two occasions as being due to a lag period between the 
institution of therapy and the response to therapy. 

Almost 50% of the elevated SBT values were not associ- 
ated with rejection. Rather they were associated in large 
measure with exposure to microbial antigens. If SBT were 
used clinically to detect escape from immunosuppression, 
it would be important to be able to recognize those occa- 
sions when further immunosuppression might be poten- 
tially harmful rather than helpful. 

In seven instances the cause of an elevated SBT value 
in the absence of clinical evidence of rejection was appar- 
ent clinically; in one instance a shunt infection was not 
appreciated but could have been. In two instances the ele- 
vation was due to Australian antigenemia. In neither was 
the cause appreciated at the time. One subsequently de- 
veloped clinical hepatitis and one did not. Presumably in- 
creased immunosuppression would not have harmed them. 
In the remaining two instances the cause was not appar- 
ent, and it was never apparent. If these were due to sub- 
clinical infection, increased immunosuppression might 
have been harmful; however, the cause of these elevations 
remains speculative. 


Comment 


To interpret these experiments it was necessary to de- 
termine how much SBT occurred in individuals without 
obvious antigenic stimulation. Antigenic bombardment is 
a constant natural process, and a considerable variation in 
SBT would be expected among various people at various 
times. It was possible to establish statistically a level of 
SBT that could be taken to be abnormally high in this lab- 
oratory. It was not surprising to observe three elevated 
values in the control studies. One of those subjects was 
subsequently proved to be receiving antigenic stimulation 
from the Australian antigen and it is probable that the 
other two patients were also responding to some unknown 
antigen at that particular time. The remaining 54 ele- 
vated SBT values occurred in patients bearing transplants 
and were thus all from patients receiving antigenic stimu- 
lation. In fact, the need for, or consequence of that stimu- 
lation was apparent in the great majority of occasions as 
infection or rejection. It, therefore, seems safe to accept 
that an unusual elevation of SBT indicates antigenic stim- 
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ulation. It also indicates that the subject was capable of 
producing a response to the antigenic stimulus. If such a 
subject were on immunosuppressive therapy, that therapy 
was obviously insufficient to prevent a response. In this 
context, observation of SBT provides a monitor of the 
state of responsiveness of an individual and can serve as a 
guide to immunosuppressive therapy. 

A critical observation was that an elevation in SBT was 
due to microbial antigens about as often as it was to 
transplantation antigens. Additional immunosuppression 
in this latter instance might prove lethal. It was therefore 
crucial to determine how often this error might have been 
made. This appeared to be seldom. When infection was as- 
sociated with an elevated SBT level, the infection was 
usually apparent by the time the SBT value was available. 

All patients who are to undergo transplantation should 
be tested for a circulating Australian antigen. When this 
is present, the SBT cannot be taken to reflect impending 
rejection. When an elevated SBT is obtained and a careful 
physical evaluation shows no infection or clinical condition 
associated with bacterial contamination, we feel justified 
in cautiously treating the patient for impending rejection. 
We would administer one intravenous “pulse” of steroids 
and await developments for 48 hours. 

These data are in accord with most earlier publications 
on this subject.*'’ However, they clearly contradict the 
conclusions of Hayrry et al and Hamburger et al, who 
found no relationship between rejection and blast forma- 
tion of leukocytes in human blood. These differences are 
probably methodologic; however, neither did we observe 
an increase in SBT to follow massive steroid therapy with 
any frequency.'*'* The SBT was not produced by surgery 
alone in human beings, as was reported from canine stud- 
ies by Anderson et al." 

Frequent observation of the anti-HT-A antibody pro- 
vides a monitor for impending HT-A related rejection but 
provides no information regarding HL-A rejections. This 
fact led us to study SBT with the hope that it would pro- 
vide aid in diagnosing impending HL-A related rejec- 
tions. It does provide that information and is also elevated 
in at least some HT-A rejections. The anti-HT-A antibody 
determinations are much simpler and quicker to obtain 
and remain very useful. Both methods are needed to aid in 
clarifying clinical events. Further, they aid in defining the 
cause of the rejection. 

We were fortunate for the purposes of the study to en- 
counter so many HL-A related acute rejections in such a 
small number of patients. The true incidence of HT-A re- 
lated rejections is much higher than observed.*~° 


This investigation was supported by National Institutes of Health grant 
ROI-AM 16572. 
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Giscussion 


Jeary ©. ROSENBERG, MD. Detroit: Like Dr. McDonald, we have 
bee> interested in developire an immunologically based assay to 
det-«t rejection before the immune reaction alters the function of 
theidney. We have been working with an assay system that is 
simelar to, although net the same as, Dr. McDonald’s and have not 
fouall it better than the deermination of the serum creatinine 
leve as a means of diagnosmg rejection. 

S-rum creatinine d2termimations accurately reflect the immu- 
nol@ic injury inflictec on the kidney by rejection. Because we can 
detect rejection by measuring the serum creatinine level, we are 
able to manage rejection epssodes and diagnose them. 

I ~ould like to ask Dr. McBonald how he views his SBT assay in 
conm=arison with the serum -reatinine determination. I could see 
how one would complement “he other, but how does he utilize the 
SBT assay elinically? Does Le put more emphasis on the serum 
ere=inine level? Whaz does ne do with the patient whose serum 
ere=ininelevel is going up but who does not show an increase in 
SBE 

T- -SBT assay has been described by others who find increased 
SBT after the administratien of steroids. Whenever one gives 
ster ds, one increases the immature forms of the polymorphonu- 
clea leukocytes in the circulation. These cells synthesize DNA at 
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a very rapid rate and give one an elevation in the SBT that would 
not reflect antigenic stimulation. 

I would also like to ask why Dr. McDonald used the tritiated 
thymidine in the form of a cumulative incorporation of DNA 
rather than as a pulse. 

Finally, Dr. McDonald exemplifies the kind of surgeon who is 
working with the real essence of the problem in transplantation, 
ie, immunology of transplantation, and I am very impressed with 
his work. I think his assay deserves study by others and we are 
prepared to try it out. 

Dr. McDona.p: Dr. Rosenberg asked several questions. I appre- 
ciate his kind remarks, and I will try to respond to them briefly 
and in reverse order. 

We began to use tritiated thymidine as a 24-hour label rather 
than as a pulse several years ago when we began mixed lympho- 
cyte cultures, because we felt we wanted the maximum amount of 
label taken up in order to reduce the margin of error. That is how 
we have done it for several years. We have not done a great deal 
of experimentation to determine how it relates to the single, 
short-term pulse. 

With regard to Professor Hamburger’s work, there are about 
six articles on this subject in the field. Four of them are in agree- 
ment with our general thesis. Professor Hamburger and another 
gentleman have reported that they did not observe the correla- 
tions we have reported. They felt the increase in blast formation 
of leukocytes was due to steroid therapy. Their methodology is 
quite different from ours and is basically quite primitive. They use 
preparations of buffy coat leukocytes in their experiments; they 
used, in other words, polymorphonuclear leukocytes and lympho- 
cytes, and so on, whereas we used only lymphocytes. I think the 
methodology may be responsible for the different results. 

With regard to the serum creatinine level and how we use SBT 
clinically, this of course was an experimental study and we care- 
fully recorded all of our results in the first 25 patients, and treated 
the patients on the basis of their heterophile antibody response, as 
we had been doing for some years, as well as their serum creati- 
nine level. At present we feel justified in instituting a course of 
therapy if we determine that the SBT values are elevated and 
there is no evidence of infection. 

The principle of early diagnosis of rejection is based on an as- 
sumption that may not be true. The assumption has been that 
since the serum creatinine elevation represents the consequence 
of damage, a method of recognizing rejection earlier would lead to 
earlier treatment and better results. But that is not necessarily so. 
It may be that even if rejection were recognized two or three days 
earlier, the incompatibility would determine the result and not the 
time treatment was instituted. 

So, I am not sure that early diagnosis or serologic diagnosis will 
prove of benefit in the long haul, although we have spent some 
years trying to determine that. 
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Value of the G Suit in Patients 
With Severe Pelvic Fracture 


Controlling Hemorrhagic Shock 


Daryl J. Batalden, MD; Per H. Wickstrom, MD; Ernest Ruiz, MD; 


Ramon B. Gustilo, MD 


We applied the G suit to ten patients with severe pelvic trauma. It 
was left in place for 24 to 48 hours. In patients where laparotomy 
was necessary, it was applied immediately postoperatively. Mechani- 
cal ventilation was used in all patients. Blisters of the skin developed 
in two. In contrast with our earlier experience with comparable pa- 
tients without use of the G suit, we found that the G suit decreased 
hemorrhage and contributed to the restoration of blood pressure. 


a hemorrhage secondary to pelvic fracture 
remains a lethal and difficult problem encountered 
during the early stages of management of injured pa- 
tients. There has been a recent resurgence of interest in 
the use of external counterpressure to control hemorrhage 
and combat hypotension since it was first described by 
Crile' in 1903. This report presents the initial clinical ex- 
perience at Hennepin County General Hospital during a 
nine-month period with application of the G suit to pa- 
tients with massive hemorrhage from pelvic trauma. 


Materials and Methods 


A commercially available G suit was inflated to 20 to 25 em H,O. 
The G suit consists of a wraparound vinyl bag (Fig 1), extending 
from ankles to epigastrium, into which air is inflated. Pressure is 
controlled by means of a water bubble escape valve. 

The G suit was applied in the emergency department following 
initial evaluation of the patient’s injuries when hypovolemic shock 
could not be controlled by ordinary resuscitation methods. The G 
suit was left in place when pelvic fracture with retroperitoneal 
hemorrhage appeared to be the major problem, or was applied im- 
mediately postoperatively when abdominal exploration was neces- 
sary. All patients had an endotracheal tube in place and were 
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managed with volume respirator support while the G suit was in- 
flated. The G suit was left in place for 24 to 48 hours, depending on 
the patient’s clinical response. 


Results 


Extent of injury, treatment, and results are summa- 
rized in the Table. There were ten patients in whom exter- 
nal counterpressure by means of a G suit was used as a 
means of resuscitation and treatment. There were two 
late deaths in elderly patients due to respiratory failure 
and renal failure. A third patient died in the operating 
room of a traumatic tear of the thoracic aorta. The pa- 
tients required an average of 21.5 units of blood. Eight pa- 
tients had abdominal exploration. Two patients required 
splenectomy and seven patients had significant gen- 
itourinary tract trauma. 

During a 15-month period prior to this study there were 
94 pelvic fracture patients treated at the Hennepin 
County General Hospital. Of these, eight patients who re- 
quired an average replacement of 33 units of blood might 
have benefited, in retrospect, from the use of the G suit. 


Report of a Case 


A 50-year-old man who was run over by a bus was admitted to 
the emergency department with no obtainable blood pressure and 
a weak pulse of 140 beats per minute. The patient was conscious, 
but had a left basilar skull fracture. He was tender over the lower 
part of the abdomen and pelvis. The lower extremity pulses were 
intact, and there was a large avulsion skin flap over the left thigh 
posteriorly. The patient was quickly resuscitated in the emer- 
gency room with 2 liters of lactated Ringer solution and 1 liter of 
plasma, and the blood pressure rose to 120/70 mm Hg but quickly 
dropped to 90/60 mm Hg. 

The G suit was applied and inflated to 20 cm H,O. The patient’s 
blood pressure rose to 220/60 mm Hg. One hour later an attempt 
was made to remove the G suit, but the systolic blood pressure ab- 
ruptly dropped to 50 mm Hg and the G suit was reapplied. 

Roentgenograms showed a wide separation of the pubic sym- 
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Fig 1.—G suit is applied from ankles to epi- 
gastrium. Fressure of 20 to 25 cm H.O is con- 
trolled by means c? water bubble escape valve. 





Patient Age, yr 
1 38 


Ceve-in 
Hit by 
car 


Fell from 
kite 


Ren over 
by bus 

HE by 
car, 
pinned 
against 
tree 


Auto 
accident 
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Fig 2.—Pelvic roentgenogram of 50-year-old man run over by bus. 
Note wide separation of pubic symphysis (arrow) and fracture 
through entire wing of left sacrum. 


Results in Patients Treated With the G Suit 


Diagnosis and Treatment 


Fractured pelvis and lacerated 
bladder; open fracture of R 
tibia; surgical repair of blad- 
der and ligation of both hy- 
pogastric arteries 


Comminuted R acetabulum 
with central dislocation; lac- 
erated bladder; fractured L 
tibia; skull fracture; surgical 
repair of bladder and packing 
of fracture site 


Fractured pelvis 


Fractured pelvis and lacerated 
bladder; surgical repair of 
bladder 


Tear of thoracic aorta and pel- 
vic fracture; left-sided tho- 
racotomy 


Fractured pelvis and renal lac- 
eration 


Fractured pelvis; lacerated blad- 

der, fractured R humerus, L 
& R compound fracture of 
tibia & R compound fracture 
of femoral shaft; ligation of 
R hypogastric artery, blad- 
der repair & above-knee am- 
putation 


Fractured pelvis; exploratory 
laparotomy 


Fractured pelvis, L hip, R fe- 
mur, R tibia; ruptured ure- 
thra and spleen; splenecto- 
my & cystostomy 

Fractured pelvis; ruptured 
bladder and spleen; splenec- 
tomy and surgical repair 


Units of Blood 
Length of 


Time Suit Before During After 
Applied, hr G Suit G Suit G Suit 


28.5 22 6 3 


Outcome 
Survived 


Died on 
39th day of 
respiratory 
failure 


Survived 
Survived 


Died in 
operating 
room 

Survived 


Survived 


Died on 
15th day of 
renal failure 


Survived 


Survived 
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physis and a fracture through the entire wing of the left sacrum 
(Fig 2). There were also fractures of the transverse processes 
of L-4 and L-5. An intravenous pyelogram showed extravasation 
of dye from the left kidney. An arteriogram via the left brachial 
artery showed extravasation of dye in the area of the left kidney 
and in the left sacral area, but no major arterial injury. Endotra- 
cheal intubation was performed, and the patient was placed on a 
volume respirator. Swelling of the right leg with decreased sensa- 
tion and movement were noted six hours after admission, and the 
anterior compartment of the right leg was decompressed with a 
fasciotomy. The patient regained sensation and motion in the 
right foot. 

The G suit was inflated for a total of 27 hours, and during this 
time the patient required 24 units of blood. There were no changes 
in the patient’s vital signs when the G suit was again deflated. 
The patient developed superficial blisters from the vinyl suit that 
were treated with topical antibiotic cream. Three weeks after ad- 
mission the patient was transferred to another hospital. Three 
months after injury the patient was home and walking with the 
aid of a cane. 


Comment 


Application of a G suit appears to be an important 
adjunct in the early therapy of patients with massive 
trauma that includes pelvic fracture. In animal studies, 
Gardner and Storer? and Ludewig and Wangensteen’ 
noted prolonged survival of dogs with surgically created 
aortic lacerations when the experimental animals were 
treated with a G suit postoperatively. Gardner and Storer? 
postulated that circumferential compression of the wall of 
the bleeding vessel closed the laceration and, in conjunc- 
tion with an autotransfusion effect from the lower extrem- 
ities, was responsible for prolonging survival. Ludewig 
and Wangensteen’? demonstrated that both vascular 
transmural pressure and blood coagulation are important 
factors in the prolonged survival of dogs with surgically 
produced aortic lacerations. Heparinized dogs died of un- 


controlled hemorrhage after a short period, whereas non- 
heparinized dogs were able to maintain their blood pres- 
sure and survived. The effect of external counterpressure 
on the circulatory system would appear to be two-fold: an 
autotransfusion with shunting of blood from lower extrem- 
ities to above the diaphragm and a decrease in bleeding by 
increasing the extraluminal pressure. 

Wagensteen et al‘ demonstrated a decreased survival of 
dogs with nonlethal hypovolemic shock treated with the G 
suit in a comparative study. They postulated that these 
adverse effects were due to a severe metabolic acidosis sec- 
ondary to lower extremity ischemia. This was not a prob- 
lem in our series of patients, probably because of main- 
tenance of a higher blood pressure and use of a lower 
counterpressure than that used in the animal studies. Me- 
chanical ventilation was used in all our patients to prevent 
reduction in vital capacity secondary to compression of 
the abdomen and lower part of the rib cage. The effect of 
the G suit on pulmonary function is not well defined at the 
present time.’ Gardner and Dohn? reported no substantial 
reduction in respiration efficiency during use of the G suit 
in humans, but Espinosa and Updegrove® demonstrated an 
18% decrease in vital capacity during wearing of the G 
suit. 

For application of the G suit up to 24 to 36 hours, me- 
chanical ventilation appears to be helpful. There were no 
pulmonary complications in our patients directly attribu- 
table to the G suit. Two patients developed superficial 
pressure blisters, and wrapping the patient with sheet 
wadding prior to application would seem advisable. Re- 
cent reports of the G suit’s successful use for emergency 
transport of civilian and military personnel with massive 
trauma and shock are of interest. Application of the G 
suit by paramedical personnel during on-the-scene resus- 
citation will probably be the area of greatest application 
of the device in the future. 
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Bronchial Carcinoma Treated by 
Adjuvant Cancer Chemotherapy 


Thomas W. Shields, MD; C. Denis Robinette, PhD; Robert J. Keehn, MS 


Four prespective -andomizad trials were undertaken to evaluate 
single-drug chemotherapy after resection of bronchial carcinoma in 
men. The drugs studied were nechlorethamine hydrochloride, cyclo- 
phosphamide, and methotrexate. A total of 2,348 curative resections 
were carried out; 1,572 patierts received adjuvant therapy after the 
resection and 1,176 underwent operation alone. The accumulated 
five- and ten-year survival rates ware 24.8% and 13.5%, respectively, 
for the treatment graup and 26.2% and 16.3% for the control group. 
The differences were not significant. It is therefore apparent that 
single-drug adjuvant therapy is not beneficial in the management of 
patients who have undergone a curative resection of a bronchial car- 
sinoma. Involvement of lymph nodes in the specimen was associated 
with a significantly poorer prognosis, but cell type, other than oat 
cell, appeared not to affect the prognosis when a curative resection 
had been carried out 


— past 15 years the Veterans Administration 
’ Surgical Ad uvant Group has conducted four pro- 
spective randomized trials to evaluate single-drug adju- 
vant chemotherapy after resection of bronchial carcinoma 
im men. The drugs under study have been mechloretha- 
mine hydrochloride, cyclophosphamide, and methotrexate 
in varying drug regimens. In these studies a total of 2,348 
curative resections(no microscopically proved residual dis- 
ease im the hemithorax) have been carried out; 1,172 pa- 
tients have received adjuvant therapy after the resection 
(treatment group) and 1,176 underwent operation alone 
(control group). 


Materials and Methods 


All patients entering the trials had to be men undergoing resec- 
tien of a primary breachial carcinoma. Specifically excluded from 
the studies were patents whe had distant metastases; patients 
who had hada previous operation Zor the same malignant lesion of 
the lung; patients whe had hada previous operation for or a diag- 
nesis of a second primary cancer, except for cancer of the skin or 
lip; patients who had had treatment during the previous six 
menths-withradiation (except zo skin or lip) or chemotherapy; pa- 
tients who had active pulmonary tuberculosis; patients who had 
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consistently depressed leukocyte or platelet counts; and patients 
who had a diagnosis of bronchial adenoma. 

The resections were classified as either curative or palliative. In 
the present report, only those patients in whom no microscopically 
proved residual disease remained in the hemithorax are included 
in the curative category. The resected tumors were pathologically 
grouped into one of three categories: squamous cell carcinoma, 
adenocarcinoma, or undifferentiated cell carcinoma. The latter 
category included both the large cell or small cell (oat cell) types; 
however, the number of small cell tumors resected in any one trial 
was small. 

In each of the adjuvant chemotherapy trials, the patients were 
randomly assigned into a treatment (resection plus adjuvant 
chemotherapy) or the control (resection only) group by the British 
envelope system. The patients were then periodically evaluated 
from the time of randomization throughout their remaining life 
span. 

In the first trial, randomization was accomplished at the com- 
pletion of the definitive surgical resection of the bronchial carci- 
noma. Mechlorethamine was administered at a dose level of 0.4 
mg/kg of body weight up to a maximum of 30 mg, with 0.2 mg/kg 
given on day 0 and 0.1 mg/kg/day given for two subsequent days. 
On day 0, the dose was divided and half was given intrapleurally 
and the other half was given intravenously. For the next two days 
the drug was given intravenously. Seventy-eight patients with 
“curative resections” were admitted to the treatment group and 
190 patients were admitted to the control group (the controls in 
this trial, as considered in this report, include two control groups 
of patients coded as “series X” and “compound 62-63”). 

In the second trial, the mechanism of patient selection remained 
the same. However, the dose level of mechlorethamine was re- 
duced to 0.3 mg/kg of body weight with a maximum dose of 22.5 
mg, the initial intravenous dose being eliminated. Three hundred 
ninety-seven patients were entered into the treatment group and 
397 into the control group. 

The third trial was a two-arm study in which patients who had 
a biopsy-proven tumor prior to thoracotomy were randomized into 
a preoperative radiation therapy trial'* (and will not be further 
considered in this report) and a cyclophosphamide trial for those 
patients in whom the diagnosis of bronchial carcinoma was not 
established until the time of thoracotomy. The drug was adminis- 
tered at a dose level of 6 mg/kg of body weight into the pleural 
cavity at the completion of the operation. The same dose was then 
given intravenously each day for the first four postoperative days; 
a second course of 8 mg/kg on five successive days was given in 
the fifth postoperative week. Four hundred fifty-one patients 
were admitted into the treatment group and 458 patients into the 
control group. 

After the completion of this trial, a regimen of prolonged inter- 


Bronchial Carcinoma/Shields et al 329 


PET. 


í 
he 
Pt, SE 


—— | p i N 


a ee 


bh bs ieee! = zA. MEN EE RO ee ee a AA iiai Se 


J sabes 
hie ee ee ae ee ee 





a u 


ad 


ie) 


R 4 É > Ld "r m 
Va athi ata Oe, a aa L iaa = Te gee 


a 


100 


Total Curative Resections 


— Control, 1,176 Patients 


80 Treated, 1,172 Patients 





60 


% Survivors 


40 


20 





Years 


tive resection alone (control). 





| mine trial. 
a 100 
È, \ Reduced-Dose Mechlorethamine Trial 
—— Control, 397 Patients 
80 --- Treated, 397 Patients 
w 60 
S 
> 
5 
” 
zL 
4 40 
F 20 
K 
Si 
i 
: 
4 0 
k 1 3 5 7 g 10 
| Years 


mittent courses of either cyclophosphamide or cyclophosphamide 
alternating with methotrexate was then evaluated. A specific cri- 
terion established for selection of the patients for this trial was 
the presence of one or more unfavorable characteristics deter- 
mined by the study of the resected specimen. These character- 
istics were undifferentiated carcinoma (small or large cell), blood 
vessel invasion, lymphatic invasion, involvement of the visceral 
pleura, lymph node invasion, tumor found in other organs or tis- 
sues removed, or a final pathologic classification of neoplasm ex- 
tending beyond the lung. Patients were not randomized until the 
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1 3 5 7 9 10 


Fig 1.—Survival curves for all patients who underwent curative re- 
3 section plus chemotherapy (treated) and those who underwent cura- 


Fig 3.—Survival curves for patients in reduced-dose mechloretha- 


Full-Dose Mechlorethamine Trial 


— Control, 190 Patients 
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Fig 2.—Survival curves for treated and control patients in full- 
dose mechlorethamine trial. Control group includes nonconcurrent 
control patients coded as ‘‘series X” and ‘‘compound 62-63." 


Fig 4.—Survival curves for treated and control patients in cyclo- 
phosphamide trial. 
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14th postoperative day and were placed into either of the two 
treatment groups or the control group. Regimen A consisted of cy- 
clophosphamide, 8 mg/kg of body weight given intravenously in 
five doses on consecutive days; the course was repeated every five 
weeks. Regimen B consisted of cyclophosphamide, 8 mg/kg of 
body weight administered intravenously on five consecutive days 
alternating at five-week intervals with methotrexate adminis- 
tered intravenously or intramuscularly, 10 mg daily for five days. 
Both regimens A and B were to be continued for 18 months. One 
hundred seventeen patients were admitted into regimen A, 120 
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Table 1.—Chemotherapeutic Agents in Adjuvant Chemotherapy Trials 


Trial No. of Patients 
=ull-dose mechlorethamine 
Treated 78 
Control* 190 
Seduced-dose mectlorethamine 
Treated 397 
Control 397 
Syclophosphamide 
Treated 451 
Control 458 
™olonged intermittent therapy 
Regimen At 117 
Regimen Bt 129 
Control 131 
“Controls include “‘series X” and “compound 62-63.” 
t Cyclophosphamide only. 


+ Cyclophosphamide alternating with methotrexate. 


pati-nts into regimen B, and 131 patients into the control group. 
It iso be noted that, zs the result of the randomization not being 
done antil the 14th postoperative day, postoperative mortality is 
exclyeed in determining the long-term survival rates in this trial. 


Results 


Tue five- and ten-year survival rates of the treated and 
control patients in these four adjuvant chemotherapeutic 
tria= as computed by the life-table method were found to 
be essentially the same with no statistical difference be- 
tween the treatment and the control groups (Fig 1). The 
five-year survival rates were 24.8% and 26.2% in the 
trea ed and control groups for curative resections and the 
ten->2ar survival rates were 13.5% and 16.3%, respectively. 

In the four separate trials, the five- and ten-year sur- 
viva. percentages fcr the treatment and control groups 
are lsted in Table 1 and the survival curves are illustrated 
in FẸ 2 through 5. In no trial was there a statistically sig- 
nificsat difference in either group. It is therefore con- 
cluded that no treatment effect, either beneficial or harm- 
ful, has been noted by the addition of adjuvant 
moneehemotherapy, as utilized, in the management of 
men ~vho have undergone what has been considered a 
curative surgical resection of their bronchial carcinoma. 


Additional Studies 


Wea the accumulation of a large amount of data from 
the reeords of the patients entered into these trials, it has 
been possible to evaluate many features of the disease. 
Once 2gain the serious significance of metastatic involve- 
ment of ipsilateral lymph nodes has been reaffirmed. In 
combming the data ir the four trials including all curative 
resecions im both the control and treatment groups, 1,230 
patients had no evidence of lymph node metastases in the 
resected specimen ard 1,118 patients had such involve- 
ment. The five- and ten-year survival rates in the former 
group were 33.7% and 16.2%, and in the latter group were 
20.4% and 8.8%, respectively, the differences being statisti- 
cally : gnificant at beth time intervals. 

In the initial cyclophosphamide trial it was shown that 
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% Survivors 


% Survival 


Five Years Ten Years 


19.2 10.3 
22.6 13.7 


Prolonged Intermittent Trial 
— Control, 131 Patients 
--- Cyclophosphamide, 117 Patients 


—-— Cyclophosphamide & Methotrexate, 
129 Patients 





1 2 3 4 5 
Years 


Fig 5.—Survival curves for treated and control patients in pro- 
longed intermittent trial. 


after a curative resection, patients with three of the four 
cell types (squamous cell carcinoma, adenocarcinoma, and 
other cell types—mostly undifferentiated, large cell carci- 
noma) had essentially the same prognosis; whereas, those 
with the fourth cell type (undifferentiated, small cell carci- 
noma) had a much poorer prognosis (Table 2).° To check 
the validity of the conclusion that the patients with the 
first three major cell types do have a similar prognosis af- 
ter a curative resection, the relative data were assembled 
from the combined patients reported in this study. Nei- 
ther the differences in the selection and management of 
the patients in the four trials nor whether or not adjunc- 
tive chemotherapy was used should invalidate the data. 
The cell types were categorized as squamous cell, adeno- 
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—— Squamous Cell, 1,615 Patients 


--- Adenocarcinoma, 384 Patients 
—-— Other Cell Types, 567 Patients 


% Survivors 





Years 


Fig 6.—Survival curves for patients with squamous cell carci- 
noma, adenocarcinoma, and other cell types. No significant differ- 
ences noted. 


Table 2.—-Influence of Cell Type in 
Cyclophosphamide Trial* 


°% Five-Year Survival 






Cell Type Treated Control 
Squamous Cell carcinoma 26.5 32.2 
Adenocarcinoma 31.3 22.4 
Oat cell carcinoma 9.4 3.8 





25.8 27.9 





Other cell types 





* Clinically curative resections. 


carcinoma, and other cell types. The percentages of five- 
and ten-year survivals for each category are listed in 
Table 3. The survival curves for these cell types are illus- 
trated in Fig 6. It is apparent that the original conclusion 
is correct. The survival rate is slightly better with 
squamous cell tumors, but is not statistically significant. 

Lastly, there have been numerous suggestions that the 
use of cyclophosphamide as an adjuvant chemotherapeutic 
agent may actually be harmful and the data in one pub- 
lished report support this impression.‘ Theoretically, the 
major potential danger is the known immunosuppressive 
activity of the compound. However, as noted, no signifi- 
cant detrimental effect could be determined from the 
aforementioned data in this report. However, in an at- 
tempt to further evaluate this possibility, the data from 
those patients with squamous cell tumors in both the first 
cyclophosphamide trial and those receiving only cyclo- 
phosphamide in the prolonged intermittent trial have 
been examined collectively. The squamous cell tumors 
were selected since this cell type has been found to re- 
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—— Squamous Cell, Treated, 361 Patients 


—--- Squamous Cell, Control, 374 Patients 


% Survivors 





Years P<.05 


Fig 7.—Survival curves for patients with squamous cell carcinoma 
who underwent curative resection plus cyclophosphamide therapy 
(treated) and those who underwent curative resection alone (con- 
trol). 


Table 3.— Influence of Cell Type in 
Adjuvant Chemotherapeutic Trials* 
No. of % Survival 


Patients Five Years Ten Years 
1,615 25.3 


Cell Type 
Squamous cell carcinoma 
Adenocarcinoma 384 22.6 
Other cell typest 567 20.2 


* All pathologically curative resections. 
t Includes a small number of resected oat cell tumors. 


spond poorly to this drug.’ In a situation where the poten- 
tial benefit is less than optimal, any detrimental effect 
might well be more apparent. In 361 treated patients, the 
five- and ten-year survival rates were 24% and 11.4%, and 
in 374 control patients, the rates were 28.8% and 18.9%, re- 
spectively (Fig 7). The difference is not statistically sig- 
nificant at the fifth year. Therefore it may be reaffirmed 
that no significant data are available to implicate cyclo- 
phosphamide as being harmful as an adjuvant chemother- 
apeutic agent. 
Comment 

It is apparent that monochemotherapy as used in these 
four trials has been of no benefit in terms of improving 
long-term survival in patients who have undergone cura- 
tive resection of a bronchial carcinoma. However, some 
adjuvant modality should be sought, since approximately 
two thirds of these patients will die of recurrent or meta- 
static disease within three years of the curative resection: 
one third the first year, half by the end of the second year, 
and most of the remainder by the end of the third year. 
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Eren some of the ong-term survivors will develop clinical 
reeurrence of the original tumor as late as 4% years after 
resection." 

ross residual local or metastatic disease has been 
foand at autopsy in 28.5% of 140 patients who were consid- 
ered to have curative resections and who died within the 
30sday postoperative period in the Veterans Adminis- 
tretion study and an even higher percentage (53%) in sim- 
ila~patients studied at Roswell Park Memorial Institute.’ 
Al hough the incicence of gross disease cannot be estab- 
lissed in the surviving patients, the presence of a high in- 
cidence ef occult disease must be assumed due to the large 
number of deaths from earcinoma in the first three post- 
operative years in this highly selected and favorable 
graup of patients. Therefore, even in these patients, the 
use of a satisfactory, nontoxic adjuvant modality is most 
likely indicated. Whether or not this will consist of a poly- 
chemotherapeutic cr immunotherapeutic regimen or even 
raGation therapy in selected patients remains to be deter- 
mired. 


By appropriate prospective randomized trials employ- 
ing strict classification of the patient’s disease employing 
the proposed TNM staging system (categorization of pri- 
mary lesion and the extent of metastatic involvement; T, 
primary tumor; N, regional lymph nodes; M, distant me- 
tastasis) of the American Joint Committee for Cancer 
Staging and End Results Reporting* and appropriate 
pathologic classification proposed by the Working Party 
for the Therapy of Lung Cancer,’ meaningful data may be 
collected so that rational and effective adjuvant therapy 
may be found. Certainly, from the experience at hand, no 
one adjuvant modality may be expected to be best for all 
stages of the disease or for each of the four major cell 
types that are encountered. 


Veterans Administration hospitals belonging to the Veterans Adminis- 
tration Surgical Adjuvant Group are located in Boston; Bronx, NY; 
Brooklyn, NY; Chicago, Cincinnati; Cleveland; Dallas; East Orange, NJ; 
Hines, Ill; Houston; Iowa City; Jackson, Miss; Kansas City, Mo; Long Beach, 
Calif; Martinez, Calif; Memphis; Minneapolis; Philadelphia; Pittsburgh; 
Providence, RI; San Juan, Puerto Rico; St. Louis; Syracuse, NY; and Wash- 
ington, DC. 
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Discussion 


Tmas WiLLiAMs, MD, Colambus, Ohio: We were privileged to 
work: with Dr. Shields in a research group dealing with patients 
with sronchial carcinoma, anc in this group triple-drug regimens 
werewused in patients with extensive unresectable disease. 

In Sur experience in the last seven months, clinically the re- 
spons= of patients, particularly those with oat cell disease and, to 
alessr extent, those with squamous cell disease, is quite accept- 
able. Jf the 12 patients with oat cell disease admitted to our proto- 
cals sance April of last year, ten still survive. The question remains 
and rust be answered: does Dr. Shields really see any basis by 
stagimg, since it does not appear to be present by cell type, for the 
use of single-drug therapy in any kind of surgically resected pa- 
tient? It would appear not. 

Dr.SHIELps: One of tie valid criticisms of this study and stud- 
ies th.t are being conducted carrently by the Veterans Adminis- 
tratios Adjuvant Group as weil as by the Working Party for the 
Therasy of Lung Cancer is tha: chemotherapeutic agent or agents 
that have been and are now being used have been employed at rel- 
ativel low dosage levels, and aggressive therapy to the level of 
toxicity has not been ut lized. 
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One must accept that we are dealing with a relatively select 
population and many of these patients do well. It would be very 
difficult to convince a surgeon, despite the fact that half of the pa- 
tients will die of the tumor within the first two years and two 
thirds within the first five years, to accept an aggressive chemo- 
therapeutic regimen that might carry a high incidence of toxicity 
and that might eventually lead to the death of a number of the pa- 
tients. Therefore, as a general policy, we are committed to do less 
than what the chemotherapists feel is optimal. 

Nonetheless, I believe there is a place for adjuvant therapy, 
even though an efficacious modality has not yet been found. At the 
present time we are utilizing polychemotherapy, but again great 
efforts are being made to avoid any deaths that might be attrib- 
uted to the drug regimens under study. 

We did not stage the patients in this study according to the 
TNM criteria suggested by the American Joint Committee for 
Cancer Staging and End Results Reporting. However, we are 
doing so now, and I think it will be important in evaluating our 
results. 
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Letters to the Editor 


The editor will be pleased to receive cor- 
respondence of 250 words or less that per- 
tains to material published in the AR- 
CHIVES or to other matters of interest to its 
readers. Letters should be typewritten 
double-spaced and should be clearly 
marked “For Publication.” No more than 
two references are permitted and illustra- 
tions are acceptable only when essential to 
the message. 


Postresuscitation Hypertension 


To the Editor.—In their recent 
article (Arch Surg 108:531, 1974), 


-Ledgerwood and Lucas successfully 


documented a “postresuscitation hy- 
pertension” caused by the adminis- 
tration of large volumes of isotonic 
sodium solutions during resuscitation 
from trauma and the continued large 
positive balances of salt and water in 
the days following operation. With 
this conclusion and their proposed 
therapy of salt and water limitation 
plus pharmacologic diuresis, none can 
argue. The authors fail, however, to 
be completely persuasive in their 
premise that these large volumes of 
salt and water are really required in 
the first place. 

The work of Carey et al from Viet- 
nam, quoted by the authors to support 
their thesis, on critical reading dem- 
onstrates only that patients can be 
resuscitated using large volumes of 
saline, not that they must be or even 
that it is necessarily better. The origi- 
nal work quoted of Shires et al using 
sodium sulfate S 35 and single 20- 
minute samples for extracellular fluid 
measurement is based on a method- 
ologic error that grossly over- 
estimates any extracellular volume 
deficit following operation or trauma. 
Subsequent work in patients follow- 
ing surgery and trauma in which 
equilibrium samples are measured 
failed to confirm the existence of a 
significant extracellular deficit and, 
in fact, more often revealed an in- 
creased extracellular volume follow- 
ing surgery or trauma. 

Recent reports of (1) prolonged salt 
and water retention following oper- 
ation' and (2) the insidious onset of 
pulmonary edema deriving from con- 
tinued large positive salt and water 
balance following surgery’ plus (3) 
the authors’ own article noting hyper- 
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tension associated with positive salt 
and water balance all seem to be 
fairly strong evidence that salt and 
water retention following major 
trauma may not always strictly re- 
flect volume requirements and cer- 
tainly is not innocuous. It would seem 
more to the point to emphasize blood 
replacement for the hemodynamic 
deficits described in their patients 
than to rely on undue volumes of salt 
and water. 

The conclusion I draw from the au- 
thors’ data is that of one of the dis- 
cussants (Dr. Clare G. Peterson). The 
authors have successfully treated an 
iatrogenic disorder that could have 
been minimized if not totally pre- 
vented by restraint in administration 
of salt water to correct hemodynamic 
derangements caused by intravenous 
volume deficits. 

CARL E. BREDENBERG, MD 
Syracuse, NY 
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Reply 


To the Editor.—Postresuscitation 
hypertension, a syndrome of hyper- 
tension, severe respiratory failure, 
hematuria, and central nervous sys- 
tem irritability, is due to the rapid 
autoinfusion of fluids previously se- 
questered in an obligatory third 
space. This acute hypervolemic state 
occurs 36 to 72 hours after resuscita- 
tion and must not be confused with 
overinfusion of saline initially. We 
concur with the need to replace whole 
blood; our patients received an aver- 
age of 18 transfusions during the pre- 
and intraoperative period (phase 1). 
Additional saline is administered by 
ourselves and by Carey and co-work- 
ers to maintain blood pressure, pulse, 
and urine output, not to test patient 
tolerance. Fluid restriction leads to 
continued hypotension, renal shut- 
down, and death. 

Shires and co-workers, using differ- 
ent methodology, have reconfirmed a 
reduction in extracellular fluid (ECF) 
during shock; this is best corrected 
with blood and saline infusion.’ Al- 
though Dr. Bredenberg found “an in- 
significant ECF deficit” in seven pa- 
tients with severe shock, these seven 


patients had the highest weights with 
the lowest plasma and ECF volumes, 
suggesting obligatory third-space ex- 
pansion. Probably a significant ECF 
deficit would have been shown had 
the measurements been done prior to 
therapy. The ECF volume, as mea- 
sured by the inulin space, was normal 
in eight of our patients? at the time of 
maximal weight and maximal expan- 
sion of a third space that, therefore, 
must be intracellular or nonfunction- 
al extracellular. Studies of internal 
fluid shifts following major elective 
surgery without shock must not be 
used as a basis for fluid therapy for 
the injured patient where shock and 
cellular ischemia is the major compo- 
nent. 

Salt and water retention and 
weight gain in our patients is an ob- 
ligatory response to cellular injury. 
The delayed onset of postresuscita- 
tion hypertension reflects the vascu- 
lar refilling associated with cellular 
recovery and bears no temporal rela- 
tionship to exogenously administered 
fluids. 

ANNA M. LEDGERWOOD, MD 
CHARLES E. Lucas, MD 
Detroit 
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The Air Splint 


To the Editor.—Dr. Melvin Sher’s 
application of an air splint to the am- 
putated extremity (Arch Surg 
108:746, 1974) brings back memories 
of when I struggled with this modal- 
ity of treatment. With reference to 
Dr. Clippinger’s “Editorial Com- 
ment” on determining the optimum 
range of pressure, I would like to 
mention a brief preliminary report on 
a controlled pressure plastic dressing 
by Lehmann and Hay (Surgery 
35:400, 1954). From research with ani- 
mals (Am J Physiol 158:118, 1949), it 
seems that pressure above 30 mm Hg 
is noxious; however, the lower levels 
of pressure are usually adequate. This 
concept is also important in the use of 
the pneumatic pressure splint for im- 
mobilization of fractures. 

ARNOLD L. LEHMANN, MD 
Spokane, Wash 


Letters to the Editor 


Books 


Robert M. Goldwyn, MD 
Boek Review Editor 
1101 Beacon St 
Breokline, Mass 02146 


Clinical Anatomy far Medical Students. 
By Richard S Snell, MD, PhD. Price, $20 (paper); 
$28.50 (cloth). Pp 909. Li:tle Brown & Co, 34 Bea- 
con-St, Boston, MA 02150, 1973. 


‘This new gross anatomy text is 
produced in both paperback and hard- 
cover editions, following a regional 
format. The text of 665 pages con- 
tains 449 diagrammatic, line, and 
four-color illustrations. Normal roent- 
genegrams are distributed through- 
out the text. An additional 170 pages 
(also distributed throughout the book) 
contain clinical netes or applied anat- 
omym a sequence cf clinical problems 
or case presentations. Answers to the 
problems are given at the end of the 
text. An additional 40 pages provide a 
dissection guide for those courses 
“not using prosected material.” 

Within the past decade, numerous 
gross anatemy texts have been writ- 
ten as abbreviated texts with the 
same introduction utilized by this au- 
thor. Gress anatomy, as taught, is 
“still too detailed and often far re- 
moved from the anatomy that one 
uses in clinical practice.” Our author 
has then succeeded in presenting his 
less detailed clinical approach in some 
876 pages. 

The author also states in his intro- 
ductien that “anatomy can be a bor- 
ing subjeet....” The author does not 
improve this situation as he treats the 
textual material as nothing more 
than an expanded outline. Informa- 
tion is presented as little more than a 
listing of facts with little clari- 
fication, amplification, explanation, 
characterization, emphasis, or rele- 
vance: 

The presentation cf anatomy is en- 
tirely conventional and shows noth- 
ing of the author’s thought, consid- 
eration, experience, or uniqueness. It 


is entirely understandable that the 


author says “anatomy can be a boring 
subject.” 


Clinical correlations are not pre- 
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sented with the anatomical descrip- 
tions but as a sequence of theatric in- 
terludes designated to titilate rather 
than correlate. This reviewer believes 
that a careful intertwining of ana- 
tomic fact and clinical usage makes 
anatomy alive. 

The latest anatomic terminology is 
utilized with a few exceptions, such 
as descendens hypoglossi, descendens 
cervicalis, fossa terminalis. It is also 
interesting to note that the inguinal 
rings are considered as “holes” in the 
abdominal wall and that the subcuta- 
neous tissue of the scrotum consists 
of tunica dartos and an additional 
membranous plane. Though move- 
ments of eye muscles are given, spe- 
cific eye muscle tests are ignored. The 
blood supply to the heart is cursory, 
beyond belief in a clinically oriented 
text. 

THOMAS M. OELRICH, PHD 
Ann Arbor, Mich 


Practical Anatomy. By Johannes W Rohen. 
Price, $22.95. Pp 274. Futura Publishing Co, 295 
Main St, Mount Kisco, NY 10549, 1973. 


This 263-page volume of the third 
German edition of Rohen’s book in- 
tends to answer “the need voiced by 
many a harassed medical student 
about learning or reviewing anatomy 
in a short time and in a practical con- 
text.” Like any condensation, it does 
not seem suitable for learning anat- 
omy, at least not initially, but it ad- 
mirably fulfills the need for review- 
ing it. 

Such reviewing comes when the 
student is ready to appreciate quite 
fully the regional and practical as- 
pects of the subject that Rohen em- 
phasizes. The emphasis is present in 
both the text and the illustrations, 
Many of the excellent figures are 
based on more comprehensive Ger- 
man texts of regional anatomy. Blood 
vessels and other structures and cross 
sections are presented within phan- 
toms of the part to sharpen one’s un- 
derstanding of three-dimensional re- 
lationships. 

Coverage of the various parts of 
the body is quite evenhanded. Refer- 
ences, unfortunately, are only to text- 
books of anatomy. The translators, 
Briggs and Nawrocki, have produced 
a smooth-flowing English version. Dr. 
Bergmann, designated the American 
editor, indicates that he has made 
some changes in a few passages deal- 
ing with clinical matters. 

EDWARD A. EDWARDS, MD 
Boston 


Flexible mipien Resection Arthroplasty 
in the Hand and Extremities. By Alfred B 
Swanson, MD. Price, $37.50. Pp 352. CV Mosby 
Co, 11830 Westline Industrial Dr, St. Louis, MO 
63141, 1973. 


This treatise fills a great need in 
bringing together in one volume the 
present status of flexible implants for 
resection arthroplasty. The majority 
of flexible implants have been for the 
deformities of rheumatoid arthritis, 
but their use in other conditions is 
also presented. 

The author makes clear that the ba- 
sic function of the flexible implant is 
that of a dynamic spacer and an in- 
ternal mold for “encapsulation.” The 
author’s vast experience has been due 
to his own drive and ability to orga- 
nize the design and testing of the 
flexible implaņts and to gather infor- 
mation from his own patients as well 
as from the doctors in the 293 field 
clinics. 

The early chapters present the ten- 
year evaluation and design and test- 
ing of the flexible implants. The 
fourth chapter on “The Pathomechan- 
ics of Deformities in Hand and Wrist 
and Incidence of Deformities in 
Rheumatoid Arthritis” is well illus- 
trated and explains the present-day 
concepts of the deformities in the 
rheumatoid hand and wrist and the 
place of synovectomy. Chapter 5 is a 
straightforward evaluation of the dis- 
abilities, and the necessity of record- 
keeping is covered fully in chapter 
six. 

Chapter 7 deals with synovial reac- 
tions in rheumatoid arthritis and 
synovectomy of the various joints in- 
volved. 

Chapter 8 is a thorough discussion 
of the application of prostheses to the 
individual joints, especially for the 
metacarpophalangeal joint. This is, of 
course, the largest indication. This 
is well prepared and illustrated. 
Sketches show the author’s technique 
of recentralization of the extensor 
tendons and insertion of the pros- 
thesis, as well as the pitfalls of inade- 
quate surgical soft tissue release. The 
reconstruction of the radial collateral 
ligaments to aid in overcoming the ul- 
nar drift of the fingers, as well as pre- 
venting the recurrence postopera- 
tively of the ulnar drift, is well 
illustrated. 

Chapter 9 presents, in a detailed 
and excellent manner, the deformi- 
ties of the proximal interphalan- 
geal joint. Because of the variation in 
the types of deformities that involve 
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this joint and their complicated anat- 
omy, different surgical techniques for 
the different deformities are de- 
scribed. The types of reconstruction 
of the joint and the extensor mecha- 
nism for either the boutonniére or 
swan-neck deformities is clearly pre- 
sented. 

Chapter 10 discusses braces and de- 
vices for the postoperative manage- 
ment after the reconstruction of the 
metacarpophalangeal and the proxi- 
mal interphalangeal joints. 

Chapter 11 is a compilation of the 
results of the surgery of the metacar- 
pophalangeal and interphalangeal 
joints, not only in the author’s pa- 
tients but from the 293 field clinics as 
well. This essential chapter briefly 
discusses some of the complications. 
Perhaps some enlargement of the 
complications should have been pre- 
sented to make this more worthwhile. 

Chapters 12 through 19 deal with 
the less commonly treated implants 
for the distal ulna, the thumb, the 
carpal scaphoid and lunate bones, the 
radiocarpal joint, the radial head, the 
elbow, the shoulder, and the great toe. 

The difficulties in the use of the 
single stem prosthesis, such as the 
distal ulna or the greater multangu- 
lar prostheses, are presented, and 
perhaps the deficiencies of the design 
of the distal ulna replacement are 
best demonstrated by the use of a su- 
ture to keep the prosthesis in place. 
This suture is advised in spite of ear- 
lier admonition to avoid laceration or 
puncturing of the prosthesis to pre- 
vent its tearing or fracturing. The 
need for further studies and design 
improvement is clearly evident in this 
distal ulnar prosthesis as well as the 
greater multangular prosthesis. I be- 
lieve there are more complications 
with the use of these two prostheses 
than reported and it may be due to 
lack of information from the field 
clinics for the late or long-term re- 
sults that are necessary in deter- 
mining their true usefulness. 

The chapters dealing with the use 
of the implant for the wrist joint and 
radial head replacement are short and 
the number of cases, small. The chap- 
ter on the elbow implant presents the 
requirements before surgery, but the 
design of the implant is obviously not 
yet satisfactory and does not fulfill 
the requirements; further work is ob- 
viously needed for this aspect of re- 
placement arthroplasty. The same 
comments are true for shoulder joint 
replacement. 
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The chapter on the flexible implant 
for the arthroplasty of the great toe 
is presented mostly for its use in the 
treatment of hallux valgus defor- 
mities. The demands of the defor- 
mities of the rheumatoid foot are not 
well met by the implant as presently 
designed when it is necessary to re- 
sect the metatarsal and longitudinal 
arches to improve the postoperative 
result and prevent recurrence of 
symptoms following the Hoffman 
type of resection arthroplasty. 

Chapter 20 presents the use of the 
implants for the reconstruction of 
below-knee amputation stumps in 
adults and children. The number of 
cases is small and the number of com- 
plications high. The place of the im- 
plant is not yet established in these 
conditions, but would seem to hold 
greater promise in the juvenile am- 
putee than in the adult. 

Chapter 21 is a brief summary of 
the concepts of the implant surgery 
and the factors necessary to achieve 
consistently good results. 

The bibliography is extensive, and 
should be very useful for the reader 
who wants to investigate the various 
aspects of implant surgery in greater 
detail. The index is well organized 
and easily used. 

In summary, the book is a very use- 
ful and timely source of information 
for those wishing to treat rheumatoid 
patients by flexible implant resection 
arthroplasty. The information is well 
organized and easily obtained in a 
relatively brief form, and is to be rec- 
ommended. It is the reviewer’s hope 
that this book will be kept up to date 
by revision and that the further 
improvements in the toughness and 
durability of the silicone rubber men- 
tioned in the final chapter will see im- 
proved resistance to the tear or frac- 
ture of the implants that is seen 
today. 

DANIEL C. RIORDAN, MD 
New Orleans 


Symposium on Neoplastic and Re- 
constructive Problems of the Female 
Breast, volume 7. Edited by Reuven K Sny- 
derman, MD. Price, $17.50. Pp 120. CV Mosby Co, 
11830 Westline Industrial Dr, St. Louis, MO 
63141, 1973. 


This book, an annual symposium of 
the Educational Foundation of the 
American Society of Plastic and Re- 
constructive Surgeons, records a joint 
conference with the Memorial Sloan- 
Kettering Cancer Center in February 
1972. Material from a later sympo- 


sium on premalignant breast lesions 
and additional information from 
panel members is added. The 35 par- 
ticipants present ten of the 16 chap- 
ters as formal presentations and six 
in a question and answer format. A 
17-page bibliography records the pub- 
lished works of the contributors on 
breast disease. 

Premalignant breast disease, sub- 
cutaneous mastectomy, augmenta- 
tion mammoplasty, reconstruction af- 
ter radical mastectomy, and chest 
wall reconstruction are discussed. An 
experimental study of mammary duct 
obstruction in rats and a large clinical 
experience with mammography and 
operative specimen mammography 
are also presented. 

It seems quite apparent that the 
original symposium and this volume 
were designed to acquaint general 
surgeons with alternatives to simply 
ablating the female breast, and to in- 
crease awareness of reconstructive | 
breast surgery. Presumably a second- 
ary goal was to better inform the 
plastic surgeon of organic breast dis- 
ease. The title leads one to expect 
more. 

Two chapters are devoted to pre- 
malignant breast disease, but cancer 
of the breast is almost ignored, ex- 
cept for the opening chapter stating 
the magnitude of its impact as a fre- 
quently lethal disease. Failure to 
present current concepts of the bio- 
logical nature of breast carcinoma, 
for example, contrasts sharply with 
quite detailed classifications of non- 
cancerous or precancerous breast dis- 
ease. An opportunity has been missed 
to provide some data and insight into 
the arguments for such procedures as 
“lumpectomy,” simple mastectomy 
and radiation therapy, modified radi- 
cal mastectomy, and traditional radi- 
cal mastectomy. 

Most of the book deals with re- 
constructive surgery of the breast, 
but in a very selective and basic man- 
ner. Only one technique for reduction 
mammoplasty is described in detail, 
for example. General surgeons will 
find little in this volume to add to 
their knowledge of breast neoplasia. 
Plastic surgeons will find a narrow 
and rudimentary presentation of re- 
constructive surgery of the breast. 
Each will learn some valuable, but 
limited, information about the other’s 
management of breast disease and 
deformity. 

WILLIAM C. TRIER, MD 
Tucson, Ariz 
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characterized by difficulty in falling asleep, 
frequent nocturnal awakenings and/or early 
morning awakening; in patients with recurring 
insomnia or poor sleeping habits; and in 
acute or chronic medical situations requiring 
restful sleep. Since insomnia is often transient 
and intermittent, prolonged administration is 
generally not necessary or recommended. 
Contraindications: Known hypersensitivity 
to flurazepam HCl. 

Warnings: Caution patients about possible 
combined effects with alcohol and other 

CNS depressants. Caution against hazardous 
occupations requiring complete mental alert- 
ness (e.g., operating machinery, driving). 

Use in women who are or may become preg- 
nant only when potential benefits have been 
weighed against possible hazards. Not 
recommended for use in persons under 15 
years of age. Though physical and psycho- 
logical dependence have not been reported 

on recommended doses, use caution in 
administering to addiction-prone individuals 
or those who might increase dosage. 


Precautions: In elderly and debilitated, initial 
dosage should be limited to 15 mg to preclude 
oversedation, dizziness and/or ataxia. If 
combined with other drugs having hypnotic 
or CNS-depressant effects, consider potential 
additive effects. Employ usual precautions 

in patients who are severely depressed, or 
with latent depression or suicidal tendencies. 
Periodic blood counts and liver and kidney 
function tests are advised during repeated 
therapy. Observe usual precautions in 
presence of impaired renal or hepatic function. 


Adverse Reactions: Dizziness, drowsiness, 
lightheadedness, staggering, ataxia and 
falling have occurred, particularly in elderly 
or debilitated patients. Severe sedation, 
lethargy, disorientation and coma, probably 
indicative of drug intolerance or overdosage, 
have been reported. Also reported were 
headache, heartburn, upset stomach, nausea, 
vomiting, diarrhea, constipation, GI pain, 
nervousness, talkativeness, apprehension, 


irritability, weakness, palpitations, chest 
pains, body and joint pains and GU com- 
plaints. There have also been rare occurrences 
of sweating, flushes, difficulty in focusing, 
blurred vision, burning eyes, faintness, 
hypotension, shortness of breath, pruritus, 
skin rash, dry mouth, bitter taste, excessive 
salivation, anorexia, euphoria, depression, 
slurred speech, confusion, restlessness, 
hallucinations, and elevated SGOT SGPT, 
total and direct bilirubins and alkaline 
phosphatase. Paradoxical reactions, e.g., 
excitement, stimulation and hyperactivity, 
have also been reported in rare instances. 
Dosage: Individualize for maximum beneficial 
effect. Adults: 30 mg usual dosage; 15 mg 
may suffice in some patients. Elderly or 
debilitated patients: 15 mg initially until 
response is determined. 

Supplied: Capsules containing 15 mg or 

30 mg flurazepam HCl. 
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- Tf “trouble sleep A 
means trouble fallıng 


... Youre probably hearing the complaint of a young adult insomnia 
aS EE patient.' And if he could spend the night in a sleep research laboratory, 
objective physiologic measurements of the first third of his night might 
yield a “sleep profile” resembling the one shown on this page. The same 
| objective techniques, in clinical sleep research laboratory studies, have 
ma demonstrated the effectiveness of Dalmane (flurazepam HCl). 





Hours 1 2 


Consider the benefits of 


Dalmane 
(flurazepam HC!) 


One 30-mg capsule h.s.— usual adult dosage 
(15 mg may suffice in some patients). 

One 15-mg capsule h.s.— initial dosage for 
elderly or debilitated patients. 


einduces sleep within 17 minutes, on average 
ereduces nighttime awakenings 


e provides 7 to 8 hours sleep, on average, 
without repeating dosage ROCHE 
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To the patient who faces a long hospital stay, the prospect of 
wakeful nights in unfamiliar surroundings is particularly 
distressing. That’s one reason why insomnia is often a complaint 
among hospitalized patients. 

Yet sleep is the concern of the vigilant physician as well as 
his patient. Adequate sleep may well be an important element in 
the patient’s recuperation...and too little of it may be detrimental.’ 


mane (flurazepam HCI) 


for 7 to 8 hours of sleep, on average, 
without repeating dosage... 


For the patient who can’t get to sleep, one 30-mg capsule of 
Dalmane (flurazepam HCl) induces sleep rapidly, on average, 
within 17 minutes.25 For the patient who awakens frequently 
during the night or too early in the morning, Dalmane reduces the 
number of nighitime awakenings and, on average, provides 7 to 

8 hours of sleep without repeating dosage.” This effectiveness 

has been thoroughly documented in the sleep research laboratory.*” 
(For elderly or debilitated patients, it is recommended that 

therapy be initiated with 15 mg A.s.) 





ROS SS 1,2.8,10.11,14 

for relative safety... 
Dalmane (flurazepam EC!) is a distinctive sleep medication —a 
benzediazepine specifically indicated for insomnia. It is not a 

_ barbiturate or methaqualone, nor is it related chemically to 
any cther available hypmotic. _ | 

Dalmate is general y well tolerated; morning “hang-over” 

has been relatively infrequent. While dizziness, drowsiness, 
lightheadedaess and the like have been noted most often, 
particularly in the elderly and debilitated, physicians should be 
aware of the possibility of more serious reactions. Before 
prescribing, consult Complete Product Information. 
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i OF j r One 30-mg capsule h.s. — 
Hospitalized patierts,':! +7 “private practice” usual adult dosage pe 
patients, '* the chronically ill,'* adult patientsof be Dh pando 2 
all ages have been treated with Dalmane. Its One 15-mg capsule h.s.— 
consistent efectiveness 1as been repeatedly con- avar ah for 
firmed in standard clinical studies all over the debilitated patients. 

United States. Three double-blind hospital studies 

showed that Dalmane can relieve insomnia in postsurgical 

patierts ''... atients wita orthopedic problems '... psychiatric 

patients = | 
Am added benefit: Dalmane and warfarin may be used 

concurrently without rist of unacceptable fluctuation in 


prothrombimtime. 8 !3 


ChOcH> as Please see following page for a summary of Complete Product Information. 
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e induces sleep within 17 
minutes, on average 

e reduces nighttime 
awakenings 

e provides 7 to 8 hours 
of sleep, on average, 
without repeating dosage 


Before prescribing Dalmane (flurazepam 
HCI), please consult Complete Product 
Information, a summary of which follows: 


Indications: Effective in all types of insomnia 
characterized by difficulty in falling asleep, 
frequent nocturnal awakenings and/or early 
morning awakening; in patients with recurring 
insomnia or poor sleeping habits; and in 

acute or chronic medical situations requiring 
restful sleep. Since insomnia is often transient 
and intermittent, prolonged administration is 
generally not necessary or recommended. 


Contraindications: Known hypersensitivity 
to flurazepam HCl. 


Warnings: Caution patients about possible 
combined effects with alcohol and other 
CNS depressants. Caution against hazardous 
occupations requiring complete mental alert- 
ness (e.g., operating machinery, driving). 
Use in women who are or may become preg- 
nant only when potential benefits have been 
weighed against possible hazards. Not 
recommended for use in persons under 15 
years of age. Though physical and psycho- 
logical dependence have not been reported 
on recommended doses, use caution in 
administering to addiction-prone individuals 
or those who might increase dosage. 


Precautions: In elderly and debilitated, initial 
dosage should be limited to 15 mg to preclude 
oversedation, dizziness and/or ataxia. If 
combined with other drugs having hypnotic 
or CNS-depressant effects, consider potential 
additive effects. Employ usual precautions 

in patients who are severely depressed, or 
with latent depression or suicidal tendencies. 
Periodic blood counts and liver and kidney 
function tests are advised during repeated 
therapy. Observe usual precautions in 
presence of impaired renal or hepatic function. 


Adverse Reactions: Dizziness, drowsiness, 
lightheadedness, staggering, ataxia and 
falling have occurred, particularly in elderly 
or debilitated patients. Severe sedation, 
lethargy, disorientation and coma, probably 
indicative of drug intolerance or overdosage, 
have been reported. Also reported were 
headache, heartburn, upset stomach, nausea, 
vomiting, diarrhea, constipation, GI pain, 
nervousness, talkativeness, apprehension, 
irritability, weakness, palpitations, chest 
pains, body and joint pains and GU com- 
plaints. There have also been rare occurrences 
of sweating, flushes, difficulty in focusing, 
blurred vision, burning eyes, faintness, 
hypotension, shortness of breath, pruritus, 
skin rash, dry mouth, bitter taste, excessive 
salivation, anorexia, euphoria, depression, 
slurred speech, confusion, restlessness, 


hallucinations, and elevated SGOT, SGPT, 
total and direct bilirubins and alkaline 
phosphatase. Paradoxical reactions, e.g., 
excitement, stimulation and hyperactivity, 
have also been reported in rare instances. 


Dosage: Individualize for maximum beneficial 
effect. Adults: 30 mg usual dosage; 15 mg 

may suffice in some patients. Elderly or 
debilitated patients: 15 mg initially until 
response is determined. 


Supplied: Capsules containing 15 mg or 
30 mg flurazepam HCI. 
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The Energy Crisis in Surgical Patients 


| he though those exact words were not then used, the 
terms “energy crisis” and “conservation of re- 
seurees” occupied the attention of surgeons long before 
the Middle East War, the Arab oil embargo, offshore drill- 
ing, =nd the A_askan pipeline. The wasted, debilitated pa- 
tint with a resectable neaplasm, the malabsorbing, toxic 
suffe-er with regional enteritis receiving large doses of 
sterods, che massively burned patient, and the postopera- 
tive ene with peritonitis and a small bowel fistula are all 
threatened br the energy requirements of the metabolic 
peol. Systemie metabolic needs in such persons are often 
increased anc so erode lean body mass or muscle. Failure 
of the skeleta musele system due to metabolic depletion is 
as fa al, if noz as dramatic or evident, as cardiac, hepatic, 
renal or central nervous system failure. It results in the 
inability te breathe adequately, to cough, to clear secre- 
tiens. to maintain alveolar inflation, and to move about to 
facili-ate these processes. These problems are becoming 
bette recogn:zed and understood. Elemental diets, intra- 
venows hyperalimentation, arterial blood gas determina- 
tiens, and ventilatory suppert help to provide for survival 
of many such patients. 

Hnexgy erises are now being suggested in other areas 
that eoulc be of critical importance for survival of those 
requiming resuscitation after injury and/or operation or 
these who are requiring new organs. These are crises that 
may Gevelop im minutes and hours, not days. They may oc- 
cu” as part of therapeutic techniques in viscera not per- 
fused for some period because of the need (1) to recon- 
stmuct that orgen’s arterial inflow, (2) to correct other de- 
raagenents, such as in the heart during procedures re- 
qurin2 oeclus.icn of the ascending aorta during cardio- 
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pulmonary bypass, or (3) to prepare or preserve organs 
prior to transplantation. They may also result from dis- 
ease states causing inadequate circulation, whether due to 
sepsis, hypovolemia, or cardiac failure. Whether ischemia 
is complete (the heart during aortic occlusion) er partial 
(shock), energy levels in cells are known to decrease 
quickly as evidenced by low values of adenosine tri- 
phosphate (ATP) and other nucleotides. Cyclic adenosine 
monophosphate (AMP) levels are also decreased, which 
could be secondary to the decrease in ATP. It has not been 
possible as yet to define a critical level of ATP below 
which vital cell processes are affected irreversibly or to de- 
termine if such a problem can occur. Provision of energy 
substrates to an organ or to the organism before an insult 
by increasing glycogen stores or by providing high levels 
of glucose seems to have a protective effect. Provision of 
energy supplies during the insult by hypertonic glucose, 
by ATP-magnesium chloride infusions, or a cyclic AMP 
analogue also seems to be helpful, but it has not as yet 
been possible to demonstrate clearly that these benefits 
are due to the substrate or the energy provided rather 
than to other factors, such as improvement in the micro- 
circulation. 

Closely related to this energy problem is the function of 
the cell membrane. It not only is dependent on energy for 
its function, but also protects the interior of the cell so 
that energy can be produced. Thus, the problems of is- 
chemia may well begin in the cell membrane and produce 
an energy crisis secondarily. Efforts to preserve mem- 
brane function, such as by the administration of polariz- 
ing or membrane-stabilizing solutions (containing glu- 
cose, insulin, potassium, and steroids) or by potassium 
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alone, have been of interest. These solutions, particularly 
those containing potassium, have been called metabolic re- 
tardants, suggesting that they help the membrane or slow 
down cell metabolism and better preserve energy levels. 
Thus, two approaches are being taken to improve or main- 
tain cell and organ function during adverse circulatory 
circumstances: (1) provision of substrate (glucose, and so 
on) or energy (ATP); (2) maintenance of cell function so 
that energy is not wasted and its production in the cell 
can continue. 

_ These approaches and the hypotheses on which they are 
based are fascinating to contemplate but most difficult to 
prove. In fact, there may be more simple explanations for 
all of these effects. The energy crisis, for example, may 
not be in the parenchymal cells of an organ (myocardial fi- 
bers, hepatocytes, or renal tubular cells), but rather in the 
cells of the microcirculatory vasculature (capillary endo- 
thelium, arterioles, and venules). Almost all of the sub- 
stances that have been used with an eye to energy reple- 
tion or membrane stabilization also affect the circulation 
by hypertonicity, vasodilation, or other mechanisms. Evi- 
dence has also been provided that hypertonic glucose 
given as a substrate for energy production is not rapidly 
metabolized, raising questions about how it exerts its pro- 
tective effect. 

Finally, information is being developed about decreased 
blood flow to tissues after ischemia. The decreased flow 
that occurs with reperfusion after renal, myocardial, or 
hepatic ischemia may be due to capillary endothelial swell- 
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ing, and this may be reversed by osmotically active agents 
such as mannitol. The once popular concept of red cell ag- 
gregation in capillaries during shock decreased in popu- 
larity when it was demonstrated that nonspecific improve- 
ment in blood flow could eliminate these aggregates. 
Could it be that red cell aggregation was due primarily 
to changes in the capillary endothelium rather than to 
changes in red cells? If so, the energy crisis and altera- 
tions in cell membrane function may be a problem that is 
primary in the microcirculation and secondary in paren- 
chymal cells. 

And so, our patients can and do experience acute energy 
crises. The future is sure to bring a better definition of the 
changes involved, and hopefully this will lead to specific 
ways of providing for the metabolic needs of a cell popu- 
lation in an acute situation. As our understanding unfolds, 
there will be many hesitant steps, wrong turns and mis- 
interpretations, but the rocky path will lead eventually to 
better care for our patients. Surgeons have always per- 
formed and will continue to perform operations. But their 
responsibilities will, as before, perforce extend beyond the 
operating room. As many in the past have been barbers, 
anatomists, and physiologists, so in the future some, at 
least, must also be physiological chemists. 

ARTHUR E. BAUE, MD 
Jewish Hospital of St. Louis 
216 S Kingshighway 

St. Louis, MO 63110 
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Tissue Acceptance of Materials 


Implanted Within the Circulatory System 


EZ since the first attempts to replace blood ves- 
sels with a fatric prosthesis, surgeons have tried to 
understand and control the host’s reactions to this foreign 
cbjet. The ratural tendency of the host is to try to incor- 
porate the graft into the body by encapsulating it in liv- 
img tissue, thus eliminating the interface between the 
synthetic fibers and the b ood. As a result of an increased 
understanding of the mechanisms involved in this process, 
continued improvements m materials and construction of 
grafts have been méde in order to optimize the formation 
cf tae biologic linings that develop around the synthetic 
f bez in response tc their presence. 

More recently, the prindples applied to the construction 
cf the tubuler grafts used in peripheral vascular surgery 
kave been extended to the fabrication of other foreign 
bods that have d:rect contact with the blood stream 
whes implamted. These include prosthetic heart valves, 
pates used for the repair of defects in the cardiac septa 
and the enlarging of outfiow tracts, and, experimentally, 
tne mner linings of implantable artificial hearts. 

The aim of this article 5 to review the present state of 
lmowiedge o? the reaction of the host to the implantation 
of Giferent types of synthetic materials in the blood 
ssream with a view to applying this information to fur- 
ther mprovements in fabric design and the acceleration 
af the develcpment of bialogic linings in the future. 


Historical Development 


At the tura of the century, Alexis Carrell made the first 
attempt to replace a blood vessel with a vascular graft in 
expezimenta. animals.' In 1949, Robert Gross et al carried 
out the first reconstruction of an artery in patients using 
ahemograft as a substitute vessel,’ and in 1954 Blakemore 
and »oorhees used a synthetic tube made of vinyon N for 
tme same purpose.’ At abeut the same time, W. Sterling 
Edwards alsc introduced the crimped tube, and, at a later 
date suggeszed the use cf Teflon fabric and bifurcated 
tubes for bloed vessel subszitutes.*-° In the 1950s, DeBakey 
and wWesolowski, pioneers in this field of vascular recon- 
s rudfion, explored the use of other improved materials for 
use 2s grafts, as well as the effect of different fabric con- 
s*ructions on tissue healing. This work led to the develop- 
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ment of the several types of synthetic blood vessel grafts 
presently in use clinically.” 

With improvements in the techniques employed in the 
performance of open heart surgery, over the years it be- 
came evident that cardiac surgeons required artificial 
heart valves that could serve as substitutes for the pa- 
tient’s own diseased valves. At first the diseased valves 
were replaced by artificial ones of similar configuration 
made of synthetic fabrics, such as Teflon and silicon 
elastomer. However, fatigue fractures appeared in the 
prosthetic cusps within one or two years after their inser- 
tion. As a result, this approach was temporarily aban- 
doned. Thereafter, rigid mechanical artificial valves be- 
came popular as valve substitutes. The first ball valve 
prosthesis implanted in the aortic root was introduced for 
clinical use by Harken et al in the early 1960s.” This was 
followed by the appearance of several models of artificial 
valves of the ball valve and lens valve designs. However, it 
was noted that the use of the rigid prosthesis was associ- 
ated with a relatively high incidence of thromboembolic 
complications, ie, in the range of 20% to 25% for most mod- 
els of artificial valves available in the mid-1960s. 

Gross pathologic examination of valves remeved from 
patients revealed that the parts of the prosthetic heart 
valves that were covered with fabric, such as the sewing 
ring, tended to show smooth, well-healed surfaces, while 
the bare metal parts often were covered with friable 
thrombotic deposits. This observation led to the concept of 
extending the fabric coverings to increasing portions of 
the valve cage in an attempt to decrease the magnitude of 
this problem.’ This approach is currently being explored 
clinically in several institutions. 

More recently, it has become evident that many pa- 
tients with far advanced disease of heart muscle will re- 
quire more drastic surgical treatment, perhaps even in- 
cluding total heart replacement, if prolonged survival is to 
be achieved. Recent technological developments make this 
approach appear feasible in the foreseeable future. How- 
ever, as with all situations in which foreign bodies are 
implanted into the blood stream, the problem of the accu- 
mulation of excessive thrombotic deposit on the inner sur- 
faces of these implantable artificial hearts is a serious one. 
In this particular application, as in the case of peripheral 
vascular grafts and artificial heart valves, the potential 
value of using synthetic materials to provide a matrix for 
the development of biologic tissue linings on the inner 
surfaces of the devices is currently being explored in sev- 
eral laboratories. 
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Fig 1.—Dacron knit fabric tube removed from strut of ball valve 
prosthesis one month following implantation in tricuspid anulus of 
calf. Note glistening smooth tissue layer covering thread. 


Principles of Endothelialization 


Following the insertion of a synthetic fabric into the 
blood stream, the sequence of events that takes place has 
much in common with the normal way in which the body’s 
reparative processes heal any site of injury.”'*"® A rough- 
ened surface provides both a stimulus to the deposition of 
thrombotic material and, at the same time, a lattice on 
which the deposit may organize. 

There are several steps in the development of the tissue 
layers common to the implantation of all fabric surfaces 
in the blood stream, whether they be in the form of a vas- 
cular graft, a covering on a valve, or the lining of an arti- 
ficial heart. 

Following the immediate deposition of a protein coat- 
ing on the luminal aspect of the synthetic fibers, a blood 


Fig 2.—Section of Dacron tubing used to cover strut of ball valve 
prosthesis implanted in tricuspid anulus of calf one month following 
implantation. Note fibroblastic ingrowth around synthetic fibers 
(hematoxylin-eosin, Xx 160). 


clot forms deep in the interstices of the fabric lattice, 
which consists largely of red cells and fibrin. This is a zone 
with a propensity for the development of pockets of stasis. 
In the more superficial layers of the fabric, the velocity of 
flow is greater and, as a result, thrombin is diluted by the 
blood stream and washed away as soon as it is formed. 
Thus, in this region, the deposit consists mainly of plate- 
lets and fibrin selectively deposited from the flowing 
blood. 

Leukocytes in the passing blood are also deposited on 
the surface and are seen in great numbers in certain sec- 
tions of the thrombus. Whether these cells are incorpo- 
rated into the thrombus while it is forming, or later mi- 
grate into the deposit is not clear. They first lyse the 
portion of the thrombus in their immediate vicinity, and 


Fig 3.—Fabric-covered tricuspid heart valve three months following implantation in calf. Left, Atrial view: right, ventricular view. 








Fig 4.—Fabric-covered ball alve prosthesis removed from mitral 
anulus of patient three menths following implantation. Note 


then begin to migrate through the platelet-fibrin deposit, 
leaving circular tunnels behind. In this way, much of the 
torombus is gradually cleared by mononuclear macro- 
pmages. In scme animal species, such as the cow and dog, 
taese cells subsequently differentiate into fibroblasts that 
ace later found lining the tunnels. That fibroblasts can 
originate from the differentiation of macrophages and 
mononuclear cells in certain animal species has been well 
@cumented.* This finding is substantiated by the histo- 
legic observation that the fibroblasts first appear in the 
dep layers óf the pletelet-fibrin deposit and only later ex- 
t-nd to the superficial layers. In time, the fibroblastic foci 
cealesce, and iż has been noted in a variety of animal ex- 
periments that a pseudoendothelium of flattened cells ap- 
pears on the surface in contact with the circulating blood 
(Fig 1 and 2). The rate of organization of the thrombus 
v_ries not orly from species to species but in different 
p-rts of the same prosthesis as well. Areas where the 
patelet-fibrin deposi: is thinner seem to organize earlier. 
Taus some ar2as are completely replaced by fibroblasts at 
at early stag2, while in acjacent regions organization of 
the platelet-fibrin deposit has not even started. In other 
ameas the platelet-fibrin deposit seems to mature and ac- 
qrire an almost hyaline quality. This maturation or “pas- 
sization” of the deposit might explain why further deposi- 
tien of thrombus does not seem to occur even in the 
aksence of vieble cells. It is possible that the chemical na- 
tie of the surface may be altered in some way in the 
bleed stream. *'° Once the deposit has fully matured it 
dc@s not seem to capture additional cellular elements in 
order to accelerate completion of organization. The areas 
of depesit tha- are not provided by multipotential cells ca- 
pæle of differentiating inte fibroblasts must be organized 
ei-her by the rgrowth of cells from adjacent areas or by 
the seeding o? circulating fibroblasts or endothelial cells 
frem the blood stream, a process requiring more time for 





smooth, uniformly thin tissue covering. Left, Atrial view; right, ven- 
tricular view. 


completion. When organization is complete, the tissue 
layer tends to be relatively thin if blood velocity is rapid 
and the fabric is not too thick (Fig 3). Histologic examina- 
tion reveals the presence of mature fibroblasts, consid- 
erable amounts of collagen, and a flattened cel! covering 
resembling endothelium on the superficial layer of the de- 
posit. In experimental animals, more frequently than in 
man, capillaries are often seen in the thicker areas. 

The mechanism outlined describes the series of events 
taking place on the luminal aspect of any fabric prosthesis 
implanted in the blood stream. In tubular grafts used in 
peripheral blood vessel replacement, there is also a tissue 
reaction on the outside of the tube. Initially this consists 
of the encirclement of the latter by granulation tissue, to- 
gether with inflammatory cells and macrophages. These 
gradually disappear as they are replaced by fibroblasts, 
collagen, and capillaries. Buds of granulation tissue have 
also been seen to penetrate the interstices of the fabric 
lattice, resulting in the complete encasement of the tube 
fibers. Some of these buds help to contribute to the organi- 
zation of the intraluminal layers as well. 


Species Differences 


While the mechanism described is representative of the 
overall response of the blood stream to the presence of 
synthetic fibers, there are definite differences in the pro- 
cess that have been observed among various species. Not 
only do these differences seem to relate to species specific- 
ity but also to the age of the animal. In extensive studies 
carried out in young calves for example, in which fabric- 
covered heart valves have been implanted in the mitral 
and tricuspid anuli, it has been shown that the events out- 
lined above occur very rapidly.'** The organization of the 
deposit is under way within several days, and by the end 
of three to four weeks fibroblastic ingrowth is almost com- 
plete with the development of a pseudoendothelial cov- 


Fig 5.—Fabric removed from strut of mitral valve in patient 14 
months postoperatively. Top, Some areas of unorganized platelet fi- 
brin deposit remain. Bottom, In other areas fabric is covered and in- 
filtrated by well-organized fibroblastic tissue (hematoxylin-eosin, 
x 150). 


ering on the surface. In this species, differentiation of mo- 
nonuclear macrophages into fibroblasts has been 
demonstrated histologically, although it has not thus far 
been described in humans. 

The young pig has frequently been used as an experi- 
mental model in the development of materials for use in 
peripheral vascular surgery because it exhibits an ex- 
tremely rapid growth phase, felt to be helpful in assessing 
biologic healing.’° In this species it has been noted that 
the inner layer of the graft is often completely covered 
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with endothelial cells five to six days following implanta- 
tion of an aortic graft. More peripherally, inflammatory 
cells, fibroblasts, and smooth muscle cells can be identi- 
fied. The thickness of the fibroblastic layer continues to in- 
crease for a period of time following insertion of the 
graft, and growth is sometimes so prolific that bridges of 
fibrous tissue have been found extending across the inner 
lumen of the graft from one wall to the other. In other 
studies in which fabrics have been implanted in the cir- 
culatory system of adult dogs, the completion of the devel- 
opment of the tissue coverings takes about a month and 
the layer is composed of smooth muscle cells, fibroblasts, 
and collagen.’ Once formed, this single layer, the pseu- 
doendothelium, tends to remain stable in thickness. 

There are few detailed long-term histologic studies of 
the fate of this cell layer in humans. DeBakey et al have 
described the findings following examination of arterial 
prostheses implanted in patients for up to seven years.’:° 
The inner layer develops rapidly and is a smooth, thin, 
transparent covering that does not increase in thickness 
with time. It is composed of a deep layer of fibroblasts 
that seem to have penetrated the interstices of the fabric 
from the outside. The superficial layer is mainly acellular 
facing the blood stream and is composed chiefly of fibrin; 
some trapped cells are occasionally seen. Endothelial cells 
are found extending a few centimeters from the anasto- 
motic lines. In the midportion of the grafts occasional 
areas are covered by flattened cells resembling endothelial 
cells. 

Bull and Braunwald have analyzed the appearance of 
the fabric coverings removed from the cage of prosthetic 
valves 3, 9, and 14 months following implantation in hu- 
mans.” The sequence of events described was very similar 
to that seen in the calf, although the completion of organi- 
zation takes much longer to occur. The platelet-fibrin de- 
posit on the material tends to be fairly thin (Fig 4). The 
lytic action of phagocytes is still seen as late as three 
months following implantation; fibroblastic organization 
occurs slowly. As late as 14 months, only 60% of the fabric 
is covered and infiltrated by well-organized tissue (Fig 5). 
The fibroblastic organization is more advanced in the su- 
perficial layers of the deposit at a time when the deeper 
layers still consist of platelets and fibrin. Dedifferentia- 
tion of macrophages into fibroblasts has not been noted. 
The platelet-fibrin deposit is uniformly infiltrated by 
macrophages, but centers of fibroblastic organization tend 
to be quite focal and superficial, supporting the concept 
that the fibroblasts arise from the random deposition of 
viable cells on the surface of the thrombus early in its for- 
mation. Immediately adjacent to highly organized areas, 
zones of totally unorganized and relatively acellular plate- 
let-fibrin deposit are found. These zones probably repre- 
sent areas in which viable cells were not implanted early 
or in which they did not survive. 


Origin of Cells 


Histologic analysis of specimens removed from both an- 
imals and man suggest that the tissue layers that infil- 
trate a fabric implanted in the blood stream can arise 
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fe 6.—Woven fabr c 80u ander scanning electron microscope. 


from three possible sourees: (1) Cells may grow into the 
fabric from adjacent host tissue, such as the cut ends of a 
bloed vesse or the adjacent heart wall, and progressively 
spread over the graft. (2) In the case of a blood vessel 
zraft, cells may originate from surrounding tissue and 
penetrate tarough interstices of the fabric. (8) Cells circu- 
_ating in the blood stream may be captured during the for- 
ma on of the thrambus or be deposited on it and then 
form the saurce for further cell growth. 

E has bæn clearly demonstrated that downgrowth of 
cel= from che cut ends of the vessel or from adjacent 
heart wall can occur.”**-** However, studies in man, as 
well as in experimental animals, show the zone of spread 
to » well bealized, extending only 1 or 2 cm beyond the 
anastomotic site in the case of a blood vessel, or only over 
the sewing ring and infow portion of the fabric in the 
zase of a prosthetic valve. There is evidence that cells 
from this urce do not completely cover the fabric. On 
vascular prostheses, islands of pseudoendothelialized lin- 
ing are oftem seen in areas away from the suture lines; on 
prosthetic heart va_ves, organization of the platelet-fibrin 
deposit is mot progressive from base to apex of the cage, 
anc often is more edvaneed at the apex than on the mid- 
soron or vertical portion of the struts. 

I. is alse clear taat cdls can grow through the inter- 
3tics of porcus prostheses from surrounding tissue.™®9-?3 
Microscopical studies have shown extensive connections 
setæ=een the inner and outer layers of tubular prostheses 
threagh the interstices af the material, and occasionally 
zap laries originating fram the exterior will be seen pene- 
cra mg the prosthesis. It has been shown in the baboon 
sha: these eapillari2zs open inside the lumen of the pros- 
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Fig 7.—Correlation between type of fabric construction and tissue 
reaction in blood stream one month following implantation of fab- 
ric-covered probe in heart of dog. Left, Fabric; right, cross section of 
fabric tube removed from strut (hematoxylin-eosin, x40). Top, 
Polypropylene knit; Bottom, Felt. Where threads are widely spaced, 
tissue and fabric form integral structure; where fibers are more 
closely packed together, tissue cells tend to form surface coating. 


Fetal Chick Cell Layer 


Fig 8.—Woven material seeded with fetal chick cells and grown in 
tissue culture for three days ( x 130). Cell = 1.9 xk 0.6 mm. 


thesis and provide a source for endothelial cells that will 
grow in and spread over the adjacent inner lining of the 
graft.” 

The third potential source for the origin of the cells is 
the circulating blood stream, which can provide the seed- 
ing of multipotential cells having the capacity to dediffer- 
entiate into fibroblasts, as well as more specialized cells, 
such as circulating endothelial cells, which have the capac- 
ity to proliferate.?518:222425 Histologic examination of 
fabrics removed from valve struts in the calf reveal that 
the mononuclear cells that are trapped in the forming 
thrombus, or that migrate in it later, do differentiate into 
fibroblasts in the deep layers of the platelet-fibrin de- 
posit.'* O’Neal et al** and Stump et al” have studied Da- 
cron hubs isolated in the blood stream of dogs and have 
shown them to be covered by the same tissue as the wall of 
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a vascular prosthesis. They have proposed that the mul- 
tipotential cells from the blood, such as monocytes, differ- 
entiate into immature, smooth muscle cells, and then into 
fibroblasts or endothelial cells. In the pig, circulating en- 
dothelial cells have been suggested as the source for the 
development of the innermost layer since the endothelium 
appears very early in this animal, before fibroblastic orga- 
nization of the fibrin has time to occur. Other investiga- 
tors have demonstrated by electron microscopy the trans- 
formation of smooth muscle cells into endothelial cells.?° 
Lazzarini-Robertson has carried out exchange transfusion 
of blood from female donors to totally radiated male dog 
recipients, followed by insertion of a prosthetic arterial 
graft. Analysis of the chromosomal pattern of cells lining 
the graft showed that the cells were derived from the fe- 
male donor, leading to the conclusion that they must have 
originated from circulating blood.” 


Factors That Affect the Formation of Intimal Lining 


Apart from species differences, several additional fac- 
tors have been shown to affect the formation of the inti- 
mal linings. The first and most important influence is the 
chemical constitution and physical construction of the ma- 
terial. To date, no synthetic polymer has been found that 
is entirely blood-compatible or antithrombogenic. Numer- 
ous investigations have been directed toward the search 
for such a synthetic material. Given a group of particular 
low-reactive polymers shown to be acceptable in the blood 
stream (Dacron, Teflon, polypropylene), the physical prop- 
erties of the fabric construction then become more impor- 
tant than the chemical constitution in influencing the kind 
of tissue layer that develops (Fig 6 and 7). In 1961, Weso- 
lowski et al showed an inverse relation between the poros- 
ity of a material and the degree of calcification or degen- 
eration of the inner capsule of a vascular prosthesis." 
Interstices of adequate dimension are needed for good 
healing of the inner layer and its bonding to the fibrous 
tissues that grow outside of the graft.’ Too tight a con- 
struction results in poor bonding of the inner layer and 
secondary detachment and embolization. 

In the development of fabric coverings for valvular 
prostheses, the principle of porosity can be carried still 
further, since blood loss through the pores is not a consid- 
eration in the application.'* It has been demonstrated that 
a fabric used to cover a valve cage should be as porous as 
possible and that the individual fiber bundles should be of 
a small enough diameter to permit encapsulation by fibro- 
blastic tissue. This tissue layer must derive its nour- 
ishment directly from the blood stream, and the thicker 
the initial fabric used, the thicker the final tissue covering 
will be. 

When it became understood that instead of trying to 
prevent the formation of the platelet-fibrin thrombus and 
intimal lining it was actually advantageous to attempt to 
enhance the encapsulation of the synthetic material by 
healthy fibroblasts, ie, to harness the development of 
“neointima” and use it as an antithrombogenic surface, 
investigators began to explore the use of fabrics with 
rough ultrastructure on a more widespread basis. This ap- 
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proach encourages the formation of an intimal lining as 
quickly as possible, thus helping to decrease the tendency 
toward thromboembolic complications. 

It is now known that environmental factors also play a 
role in the formation of the intimal lining. Thus, the ve- 
locity of blood affects the thickness of thrombus formation 
by diluting thrombin that is formed deep in the interstices 
of the fabric and by washing away platelets as soon as 
they adhere to any thrombotic deposit that is already 
present. In the case of a peripheral vascular graft, it is 
now well established that when the runoff is poor and the 
velocity of blood flow decreased, the graft shows an in- 
creased tendency to clot. Another factor of importance is 
the turbulence of blood. As turbulence increases, so does 
thrombus formation; a thicker thrombus will result in a 
thicker intimal lining, both on a graft and on a prosthetic 
valve. Thus in the case of a fabric-covered heart valve, tis- 
sue buildup is heavier at the apex of the cage and on the 
exterior surface of the struts, probably because these are 
areas of increased turbulence.**:** 

Systemic biologie factors have also been shown to affect 
the development of the intimal linings. Both high hemato- 
crit readings, by their effect on blood viscosity, as well 
as hypercoagulable states increase the tendency toward 
thrombus formation in vivo. The effects of anticoagulants 
and related substances on thrombus formation have also 
been studied experimentally. It has been demenstrated in 
calves that the combined use of warfarin sodium and low 
molecular weight dextran does not impair the basic mech- 
anisms involved in the ingrowth of tissue inte fabrics.” 
In fact, if anything, the platelet-fibrin deposit was found 
to be thinner and the rate of organization seemed to be 
accelerated when these agents were used. As a result the 
completed autogenous tissue layer was also thinner and 
more uniform than when this layer developed in nonanti- 
coagulated animals. Similarly in patients, the use of anti- 
coagulants did not appear to affect the development of tis- 
sue layers significantly.” 


Applications 


While the general healing process has been found to be 
similar in the different types of applications outlined, there 
are also differences that have been noted. 

The problems created by the use of fabrics as blood ves- 
sel substitutes relate to such factors as the porosity of the 
fabric, the need for unimpeded blood flow, the length of 
the tube, as well as the stresses resulting from arterial 
pulsation. It is evident that a balance must be reached be- 
tween the benefits of improved healing, seen as porosity is 
increased, and the need for an acceptable level of initial 
blood loss through the interstices of the material. In 
larger vessels like the thoracic aorta, where biood loss can 
be catastrophic in a heparinized patient, tighter weaves 
must be used, even if this results in a thicker final tissue 
layer. In the case of vessels of small diameter, where blood 
loss is less important and where a thick lining would re- 
duce blood flow excessively, thereby compromising the fate 
of the graft, a more porous fabric is necessary. The longer 
the tube, the less the chance of complete endotheli- 
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a@imation from the anastomotic lines. In the case of ex- 
tremely long graft segments, ingrowing tissue must be 
ame to penetrate the interstices of the fabric if complete 
healing of the inner capsule is to be expected. If the weave 
is eo tight, the continuous stress applied to the strands of 
the fabric by the arterial pulsation will strangle these in- 
grewing tufts of granulation tissue. This in turn will com- 
premise the nutrition of the deeper layers of the inner lin- 
ime and discourage the role that cells and capillaries from 
the exterior capsule play in the organization of the inner 
9,39 

$ the case of valvular prostheses, the ever-threatening 
problem of thromboembclism has stimulated bioengineers 
tc «hange tne designs of many models of valves currently 
aveilable for clinical use. In order to derive optimum bene- 
fit =rom the use of tissue layers on the cages of valves, 
th= layers must not only form as rapidly as possible but 
mæt remain thin so that they do not impair the hydraulic 
furxtion of the valve, thereby increasing its stenotic ten- 
demies. On the other hand, too thin a fabric thread, if 
ncteovered by regenerating tissue rapidly enough, will be 
sux ected to excessive wear and abrasion from the moving 
vamet. Additionally, the design of the prosthesis must be 
optamal to prevent arees of excessive turbulence that 
wea encourage the formation of more extensive throm- 
œx deposits." 

A different type of protlem was encountered by investi- 
gacers tryirg to cover che inner surfaces of artificial 
beas with “abric layers. The design of the artificial heart 
pump must de such that, wherever possible, any areas of 
stagmation must be eliminated. In this application, the 
surface that must b2 covered is very large; in some areas 
E & subjected to eonstant motion, and it must be imper- 
viewsto blood loss. To achieve these goals, the inner lining 
cf seme models are made of an impervious silicone elasto- 
merto which a fabric is bonded." ? It is desirable that the 
Ulteastructure of this fabric facilitate the entrapment of 
cralating cells and thus the rapid development of a 
Hloed-compatible autogenous lining. Materials of a velour 
anc ‘tock construction have been shown to be quite useful 
im this regard. The ausogenous layer that develops is 
more intimately bonded to the fabric than when con- 
vent-enal weaves and knits are used, and major detach- 
mems of the biologic surface from the rest of the pump 
are-prevented. 


The Future 


It = apparent that the idea. intravascular prosthetic de- 
vice or any ef the applications discussed above still does 
net sist. Extensive research is being carried out in an ef- 
fart «e improve the available substitutes. One line of in- 
vestization explores the possibility of synthetizing new 
families of plastics that will completely eliminate any 
plat=et-fibrin deposition m the blood stream. Another 
cons: cs of trying to completely prevent protein deposition 
or tne surface by chemical pretreatment of fabrics. It is 
thought that of a negative potential can be created at the 


blood imterface and maintained permanently, the blood el- — 


emea.s that are also negatively charged may be per- 
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manently repelled. Graphite-benzalkonium-heparin coat- 
ing was one such compound previously explored.** The fact 
that the heparin was eluted from the surface within three 
to four weeks of implantation in the blood stream made 
this approach less than ideal for long-term applications.” 
However, this type of coating has been shown to be useful 
for short-term use.** Other investigators are studying the 
use of negatively charged polyurethane surfaces and the 
possibility of creating more permanent chemieal bonds of 
heparin-like materials to synthetic materials.” 

Still other lines of investigation consist of trying to in- 
duce the deposition of a protein layer on the surface using 
electroconductive material to which a positive current is 
applied, and even of completely pregrowing living tissue 
layers on grafts prior to their implantation in the body. 
This interesting approach is presently being explored by 
Sparks,“ and consists of the implantation into the recipi- 
ent’s subcutaneous tissue of a die reinforced with a syn- 
thetic fabric that is shaped like a blood vessel. After a 
varying period of time this is removed and used as a pe- 
ripheral blood vessel substitute. The early results appear 
promising. 

Research is also under way to try to improve the con- 
struction of the materials used for cellular entrapment. 
Thus by varying the height and ultrastructure of the syn- 
thetic lattice, it may be possible to achieve thinner cell 
layers for the final linings of prosthetic devices.**-* 

Since it is cumbersome to pregrow the layer in the body, 
in many instances the use of tissue culture techniques to 
develop cell layers outside the body is also being explored. 
It is hoped that cells can be encouraged to multiply rapidly 
on synthetic surfaces so that the biologic covering will be 
complete at the time of implantation (Fig 8).***° It is also 
possible to seed the cells on the fabrics at the time of im- 
plantation in order to accelerate the completion of the tis- 
sue covering in the body.°'-** 

While all of the approaches outlined are promising and 
offer hope for the future advancement of the field, it is ap- 
parent that much investigative work remains to be done 
before the various new techniques become applicable clini- 
cally and beneficial to a significant number of patients. 


Figure 6 is reproduced from Surgery (69:557-562, 1971). 
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The Physician-Patient in the 
Reeovery and Intensive Care Units 


Thesdore L. Badger, MD 


e edor of the ARCHIVES somehow or other dis- 

covered my written account of events surrounding 
my-aortic valve replacement. He was intrigued with it and 
thought at least part o? it might better familiarize sur- 
gecns with the emotions and apprehensions of their pa- 
tients. Entrusting such reactions entirely to an internist 
anc chest physician, I think, was considered risky. There- 
fore only < few sections of the orginal article are repro- 
duced below. 

Surgical replacement of my stenosed aortic valve, sub- 
sequently reportec to me, went very smoothly. However, I 
was told that a few hours after its successful completion, 
internal bleeding made a second sternotomy necessary to 
stem the tile of exsanguination. The bleeder was success- 
fally found and stcpped, and with a few extra blood trans- 
fastons, th.ngs must have began to look up again for a 
number of harried surgeons. 

Consciousness returned slowly after the second oper- 
atien to am awareness of a new world of noises, lights, 
and darkness. Mixed with many strange faces and busy 
people, there was a pervading sense of harassment from 
chest pain and dificulty in breathing. Early in recovery, 
inability to talk, compounded by what seemed like a paral- 
ysis of one arm, convinced me that a cerebrovascular acci- 
dent had fdlowed the operation. More than slight relief of 
mind came, however, when I learned that this one-sided 
weakness was due to the arm being lashed down to pre- 
vent dislocation of indwelling arterial and venous cathe- 
ters together with their stcpcocks and other gadgets. The 
other arm znd both feet also tied down from time to time 
reminded me of how Gulliver in his travels must have felt 
when he awoke one morning pegged to the earth by the 
Lillsputians with a hundred stakes and strings. 

Medicatiens largely controlled the worst of the pain. Re- 
current hal ucinations or dreams when “snowed” by drugs 
were logical and as vivid as though they were a part of 

pestoperative life. Unfamiliar faces, the multitude of 





Aceepted for publication March 6, 1974. 
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noises, the trauma of tracheal aspiration, and that deadly 
enemy, the bed pan, were minor and disturbing but neces- 
sary procedures that might be made less traumatic. The 
constant activity of the recovery room was only equalled 
by the entrance lobby of the hospital. The tom-tom of a 
multitude of monitors beating out a syncopation of car- 
diac rhythms and rates was disturbing, mostly because my 
own beat could not be identified. 

A steady, rasping, loud buzz would break through these 
sounds at times—the signal of a cardiac emergency. This 
was accompanied by a rush of people to someone’s bedside 
to unravel the pending calamity of its owner. Noisy, me- 
chanical machines clicked off their monotonous aids to res- 
piration. Bright lights flicked on and off for the perform- 
ance of special procedures. Day was indiscernible from 
night. Time did not exist. Only the periodicity of medica- 
tions, the repetitious though unproductive use of breath- 
ing machines, the agony of tracheal aspiration, and the 
frequent curse of a tightening blood-pressure cuff gave 
one a sense of passing time. 

As cerebration returned, there came to my mind a medi- 
cal supper club discourse by one of our cardiac surgeons on 
“yeriontogenic” diseases. According to Mr. Webster, this 


means things about us (peri) that bear on the nature of 3 
reality (ontogenic). These unnatural states, not uncom- — 


mon in the recovery room, he showed us, were usually psy- 
chological in origin, initiated by the absence of tender, 
loving, personal care, lost, in part and of necessity, by the 
mechanization of modern emergency care. It was to me 
the unawareness of day and night, the lack of privacy, and 
the frightening array of unfamiliar noises and voices that 
emotionally disturbed me. I found that the previously 
strong patient-physician relationship was frayed in “re- 
covery” and communication with strangers around me 
was at a low ebb. Again, our cardiac surgeon had de- 
scribed with great accuracy, though vicariously, all of 
these experiences of mine that could produce a new kind 
of emotional man-made illness. This analysis, this peri- 
ontogenic concept, was reassuring to me in the midst of 
this bedlam of activities associated with the desperately 
ill, in surroundings where life was extremely traumatic 
even for one relatively familiar with this type of medical 
care. 

The most comforting procedure in recovery was that 
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produced by the English-trained respiratory therapists. 
These girls, with their unique techniques of deep vibra- 
tory chest massage applied to the chest wall in the expira- 
tory phase of respiration, produced secretions from the 
bottom of the lungs much more effectively than any me- 
chanical machine that was tried. Their arrival for treat- 
ment was always welcomed. 

The procedure most feared was that of tracheal aspira- 
tion of excessive bronchial secretions. The gagging and 
spasms of cough that this produced were at times incred- 
ibly painful. About the second day of this torture, I re- 
called an attack of parapertussis, a laryngeal form of 
whooping cough, some years previously with such severe 
spasms of the larynx as to make breathing completely im- 
possible temporarily. A wise and observing laryngologist, 
who came to my rescue, produced the spasm artifically by 
irritating my laryngeal cords with a cotton swab on direct 
observation. A devastating spasm ensued. With a twinkle 
in his knowing eye, as I struggled desperately for breath, 
he said: “Stop fighting it. Hold your breath. Stop breath- 
ing. But above all, do not take a deep breath in. Just stop 
breathing, preferably when your breath is out, if possible, 
and hold it out until you feel relaxation taking place.” 

Doing as he said, relaxation of the larynx occurred in a 
few seconds with complete relief. Later he added, “Do this 
at the earliest suggestion of a developing spasm when 
that small tickle develops in your throat.” With this rou- 
tine, no further laryngeal spasms occurred. 

I mention this incident because its application to tra- 
cheal aspiration transformed it from a dreaded to a tol- 
erable procedure. When all was set for the aspiration, 
exhaling gently and holding the breath out during the as- 
piration transformed it from a very painful to only a mod- 
erately unpleasant treatment. 


Intensive Cardiac Care 


Transfer out of “recovery” into “intensive cardiac care” 
high above the city was closely akin to rising from the 
dead. Daylight, sunshine, a sense of time, full conscious- 
ness, and the reestablishment of vocal communications 
brought to life a sense of humor and an appreciation of 
the future. 

Then, a week after the operation when oral feedings 
were allowed, it was discovered that my partial dentures 
could not be refitted into my mouth. Further investigation 
revealed much peridental infection, and because these in- 
fected tooth sockets could be a source of prosthetic valve 
involvement with bacterial endocarditis, it was decided to 
extract all the offending native teeth. This relatively mi- 
nor procedure at this point of recovery became so monu- 
mental in my mind that it was emotionally more trau- 
matic than the original aortic valve replacement. Probably 
because I was fatigued, at least weary of interruptions, 
ministrations, and discomfort, the need for this dental 
surgery produced near hysteria. Anticoagulation, now 
well established, had to be greatly reduced. Intensive anti- 
biotic prevention had to be instituted. These factors mag- 
nified the severity of the risk of possible infection of the 
new prosthesis. An irrational refusal of the dental extrac- 
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tions teetered in my mind. 

Eventually a mouthful of teeth were skillfully, rapidly, 
and painlessly removed. However, this experience, coming 
at that stage of recovery, was the only blot on the scutch- 
eon of an otherwise flawless convalescence. Realistically, 
it left me with the conviction that thorough and meticu- 
lous dental hygiene should be completed before such open 
heart valvular surgery—in fact, before any major surgery 
with deep anaesthesia—not afterward. 

Convalescence was uncomplicated from then on, with a 
gradual return of confidence in recovery and a growing 
certainty of long-term survival. Each month and each suc- 
ceeding year, up to this third anniversary of the valve re- 
placement, has brought new strength and greater physical 
reserve along with a new conviction that life would go on 
considerably enriched by the experience. If uncertainty 
about survival and durability can be considered a postop- 
erative symptom, then these were the most difficult symp- 
toms to overcome, for in the early postoperative days 
there lurked the incredible lack of confidence in the long- 
term viability of the new plastic valve and, with it, the 
persistent uncertainty regarding the durability of life it- 
self. Only time would remedy this apprehension, and time 
has done a marvelous job in asserting a realistic concept 
of longevity—artificial as it may be. 

The postoperative, rather rugged life of the recovery 
room could be ameliorated, I believe, and prove less trau- 
matic than it is. While recovery really is a rather grue- 
some experience, it need not necessarily be so. Some 
explorations and study along clinical lines rather than pri- 
marily for the perfection of electronic gadgets could pro- 
duce more comfort for patients with a more under- 
standing cooperation. In addition, one would wonder if 
glass partitions between the stretchers, with available 
draw curtains, might not give a touch of privacy and pro- 
tection from the terrific turmoil of recurring emergency 
activities. It is the utter helplessness of recovery that 
seeks a humanizing of relationships with those around 
you. Were it possible for the recovery room residents to 
see and know their patients preoperatively, much confi- 
dence would be instilled into these patients during those 
precarious days in recovery. 

No one can emerge from recovery, however, without a 
realization of the tireless dedication of both resident phy- 
sicians and nurses for the well-being of their patients. 
Without the knowledge and expertise of these young doc- 
tors and nurses, I would guess that the operative statistics 
of open heart surgery would not look as good as they do. 
To all of these guardians of our lives goes great credit and 
deep thanks for their watchful and knowledgeable care. 

It is exciting to see the extraordinary surgical relief of 
cardiac insufficiencies that medical treatment cannot rem- 
edy—a metamorphosis in the care of the failing heart that 
gives a new slant on the concept of longevity. Modern, 
radical, open heart surgery demands a variety of digital 
dexterity aided by mechanical adjuncts along with infi- 
nite surgical wisdom that only vast experience can pro- 
duce. Of these things I am realistically aware and deeply 
grateful. 
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Special Communications 


A Foreign Graduate With US Training 
Reimmigrates to the United States 


John Racy, MD 


Dr. Racy was born in England in 1932 of Lebanese, Christian 
parents. He was raised in Lebanon, where he attended the elemen- 
tamy and preparatory sect~ons of the International College in Bei- 
rut. He envelled in the American University of Beirut in 1948 
antLentered its medical scaool in 1951. He received his BA degree 
im 1952 and his MD degree in 1956, both with distinction. Psy- 
chiatric residency training at the University of Rochester School 
of Medicine and Dentistre in Rochester, NY, lasted from 1956 to 
1958, dwring which time he was a Rockefeller fellow. After a year 
of further treining m chile psychiatry and liaison (psychosomatic 
medicine), ae returned to fae American University of Beirut with 
the intentien of establishing an academic department of psychia- 
try. During e six-year star, he organized courses, consulted on pa- 
tients, taught students in #arious health fields, and conducted in- 
vesiigation relevant to psychiatry in the Arab East. In 1966, he 
immagratea to the United States and accepted an academic posi- 
tion at Rocaester. 


My return fo and settlement in the United States after six years’ 
service in my native and was the result of many influences, includ- 
ing disillusienment with werking conditions in my home country, 
greater career choices in he United States, appreciation of the 
American way of life. and, perhaps, greater economic opportunity. 


he title is meant to highlight the fact that this 

is my second protracted stay in this country, having 
secured my residency training here in the late 1950s and 
having worked in my native country in the 1960s. While I 
am indeed an immigran., I was not so during my training. 
I decided to immigrate “ollowing a six-year stay in Leba- 
non. Mine represents the experience of many other for- 
eign medieal gracuates who decide, at one point or an- 
other, to remain in or return to the United States rather 
than to their native lanc. It may be useful for certain pur- 
poses to consider separa-ely those who immigrate without 
returning home end those who immigrate after some 
years of medical service in their country. There are, of 
course, mamy other wars of subdividing the group, for 
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example, according to specialty, country of origin, geo- 
graphic placement in the United States. I will consider im- 
migrant physicians together as one group in this discus- 
sion. There are thousands of such individuals and, while I 
cannot pretend to speak for them, I will make some re- 
marks based on my observations and my personal experi- 
ence, | 

The immigration of foreign professionals to the United 
States is a multifaceted matter. Depending on one’s van- 
tage, it can be regarded as a bad thing or as a good thing. 

Why bad? 

1. Because it depletes the thin ranks of the profes- 
sionally educated in other countries. 

2. Because it brings into the United States a substan- 
tial number of persons who are either poorly trained pro- 
fessionally or ill-prepared to adjust to American life in 
terms of culture, language, and personal habits. 

3. Because it defeats the purpose of educational and 
professional exchange programs. 

Why good? 

1. Because it provides an opportunity for persons to 
exercise freedom of choice. 

2. Because it represents an unofficial but effective sort 
of diplomatic representation for many countries. Physi- 
cians often are goodwill ambassadors. 

3. Because it enriches this country culturally and scien- 
tifically through the immigration of highly motivated and 
skillful natives of other lands. 

One can go on and on listing good points and bad, which 
only serves to show that immigration is a complex human 
phenomenon. Like education, legislation, health care, fi- 
nance, and international trade, it is not easily pigeonholed 
and classified. Nor is it easily avoided. It must be accepted 
as yet another feature of our lives and understood and 
dealt with in its own terms. 


Viewed in this broadly humanistic, nonjudgmental way, 


immigration emerges as a fascinating, kaleidoscopic pro- 
jection of a basic human drive—the drive to move away. 
Among the multitude of polarities that shape human be- 
havior, surely one of the most significant is the polarity 
“to go or to stay.” It is one faced by every human at innu- 
merable points in life from infancy until death. Families, 


tribes, and whole nations move. Persons of every descrip- | 


tion change residence for short or long periocs: religious 
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leaders who cannot sell their prophecy in their own land, 
scholars in search of new knowledge (or employment), sol- 
diers of fortune (and misfortune), adventurers, criminals 
escaping the law, rebels against the established order, the 
sick in search of health, the insane embarked on an end- 
less journey, the indigent in search of wealth, the perse- 
cuted in search of a haven, and many, many others. 

Why do foreign physicians remain in this country? 
Without statistical data to corroborate my impressions, I 
believe that some or all of the following operate in deter- 
mining each physician’s decision to leave his mother coun- 
try behind him: 

1. Economic considerations. With few exceptions, for- 
eign physicians find they can earn much more here than in 
their native land. This is so despite the worldwide short- 
age of physicians and their high socioeconomic status. The 
shortage is skewed, however, and to a certain extent un- 
real in urban centers and capitals where there may indeed 
be an overabundance of physicians. 

2. Freedom of opportunity. Few countries provide so 
many choices for the physician in terms of specialty, type 
of work, geographic location, and freedom of movement. 

3. Style of life. Despite the many criticisms of the 
American style of life that come mostly from native 
Americans, this society represents the fulfillment of living 
toward which many millions in developing countries as- 
pire. Since foreign physicians are often in the forefront of 
their countries’ Westernization, they are in a position to 
appreciate what the West has to offer. Many speak of 
their great admiration for fine public schools, clean uncon- 
taminated food and water, good roads, reasonably civil 
civil servants, ease of processing official documents (such 
as passports, licenses, deeds of purchase, credit), a rich as- 
sortment of consumer products, and so forth. 

4. Disillusionment or distress in the native country. 
This probably is the most subtle and least understood fac- 
tor. After all, it does require a certain amount of dis- 
comfort to undertake the burdens of migration. Distress 
can stem from a vague but persistent irritation with the 
mother country’s style of life (slow pace, corrupt govern- 
ment bureaucracy, stifling educational policy, noise, poor 
sanitation, binding social obligations, and so on). It can 
also stem from specific deficiencies (in career opportunity, 
monetary reward or support, advancement, and, above all, 
recognition) or injuries (family strife, conflict with the 
government, adverse discrimination on the basis of race, 
religion, or sex, public or private humiliation, and so on). 

Speaking for myself, I feel that all four factors (econ- 
omy, freedom of choice, style of life, and disillusionment) 
determined my choice, probably in reversed or ascending 


order. Money was the least consideration for me. Since 


my commitment was, and remains, primarily academic, I 
knew all along that I would have to content myself with a 
smaller income than that of equally qualified colleagues in 
private practice. I do know, however, of US-trained physi- 
cians who have had a very hard time financially in the 
highly competitive Lebanese medical marketplace. Free- 
dom of choice is something I esteem greatly but exercise 
infrequently. Once a commitment is made, an infinite ar- 
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ray of alternatives is reassuring, but of no great practical 
significance. Still, not to be the purveyor of an article (aca- 
demic psychiatry) for which there is only one possible 
buyer (the single American medical school in the area) is a 
source of relief. 

In the matter of life style, I confess to irritation with 
many aspects of daily living in Beirut in the 1960s: the os- 
tentation and arrogance of small men, the corrupt bureau- 
cracy, the filth in the streets, the abominable traffic, the 
assault on the ears, and the ugliness of the eity and its 
architecture. Set against these were many pleasing fea- 
tures, particularly the charm of the rest of Lebanon, the 
warmth of the extended family, and the magnificent food. 
At the professional level, the frustrations paradoxically 
came less from actual clinical work with the Lebanese (in 
fact, highly rewarding) than from dealing with adminis- 
trators. 

These were some of the factors affecting my decision to 
immigrate. Others may think of other factors, or may be 
content with these but might rank them differently. What 
is important to bear in mind is that immigration for the 
physician is an individual decision based on many consid- 
erations, influenced by unconscious forces, and almost al- 
ways fraught with loss and pain. It is undertaken for the 
purpose of improving one’s lot and standing. In achieving 
this improvement, one must accept certain sacrifices. In 
this regard, immigration is no different from many deci- 
sions that are inherent to maturity and freedom. 


Editorial Comment 


Dr. Racy has provided a particularly lucid and informative ex- 
pression of why he returned to Rochester, NY from Beirut, Leba- 
non in 1966. His definition of what is good and what is bad about 
immigration is significant because he appends the qualifying 
phrase “depending on one’s vantage.” An appreciation of the 
point of view is essential to communication on foreign medical 
graduate matters so that those discussing the subject can be 
talking about the same thing. 

Dr. Racy’s return to Rochester to practice academic psychiatry 
qualifies on balance as good news, both for him and for the United 
States, under his three criteria: (1) satisfaction of the human urge 
to exercise free choice, (2) goodwill ambassador, and (3) cultural 
enrichment of the receiving country. Does his case net indeed rep- 
resent the ideal sort of foreign medical graduate immigration, the 
kind that we should focus on and encourage? A person raised in 
the fine, cultural tradition of the old world, who has the opportu- 
nity and talent to glean the best of the educational, materialistic, 
and humanistic assets of the new, he used his training to the best 
of his ability to make a contribution in his native land. Then, pre- 
sented still with the freedom of choice to stay or go, he could make 
his own decision. | 

But he earned his freedom of choice. Our tax laws and certifica- 
tion policies present immigration opportunities to many who have 
not earned it. We must make the matter of immigration for life 
into the medical profession of the United States a competitive 
privilege for recognizably available career positions. Something 
more than a period of postgraduate training on a hospital house 
staff in the United States is clearly necessary as a preliminary 
qualification. 

RICHARD WARREN, MD 
Boston 
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Biliary Atresia 


New Concepts of Pathology, Diagnosis, and Management 


Akxander H. Bill, MD; Waliam S. Brennom, MD; Thomas L. Huseby, MD 


Zom accumulated modeen experience we conclude that biliary 
ateesia is basically a xepatits with a component of sclerosing chol- 
angitis of the extrahepatic ducts. This condition leads to irreversible 
hepatic cirrhosis within two or three months of onset. Diagnosis is 
made from light-colored stools, percutaneous liver biopsy showing 
intracanalicular bile plugs and proliferation of the end ductules, a 
steady or rising bilirubin level, and a rose bengal scan over a three- 
day period showing <etentien of dye in the liver. Kasai, in Japan, 
anastomosed the end of a double Roux-en-Y loop to a shallow dis- 
section in the porta hepatis of the liver where the intrahepatic ducts 
should be. 1° done before the patients are 3 months old, the proce- 
dure results in a 40% one-wear survival without jaundice. We have 
duplicated these results in the United States. 


he treatmen: of biliary atresia has in most 
Western countries been frustrating. The entity has 
been known since 1891 when detailed descriptions were 
pwblished in Scotland by John Thomson.’ In this country 
im 1928 William E. Ladd in Boston’ first described a case 
successfully treated by surgery. 

Since then, there have been only 51 cures reported in the 
Western literature. Usaally a suitable remnant of duct 
hes been found in only about 10% of the explorations. Fol- 
lowing the rare, techn cally successful anastomosis, the 
patients have frequently died from an already well-estab- 
lished cirrosis. 

Recently Professor Morio Kasai** of Sendai, Japan, has 
been instrumental in throwing light on the pathology of 
the disease and has developed a new surgical manage- 
ment. In 1957 he performed exploratory surgery on an in- 
fant and found no patent extrahepatic ducts. He made a 
shallow exploraticn intc the porta hepatis just anterior to 
the portal vein, ard fouad a small amount of bile seepage. 


He then znastomosed a segment of small bowel to the 
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liver capsule around the raw opening into the liver. This 
baby developed a good flow of bile, and is now living and 
well at age 17. He and his colleagues in Japan have since 
then made further progress with this approach. 


Pathology 


A principal problem has always been to differentiate be- 
tween neonatal hepatitis and biliary atresia. An excellent 
discussion of the pathologic features of biliary atresia has 
recently appeared by Landing. Liver biopsies in biliary 
atresia frequently show giant cells, which are also usually 
present in neonatal hepatitis. The differentiating features 
have been the additional presence of proliferation of the 
end ductules and intracanalicular bile plugs in cases of 
atresia. 

These pathological findings have suggested the likeli- 
hood that biliary atresia and neonatal hepatitis are differ- 
ing manifestations of the same disease process. It seems 
likely that some babies develop hepatitis just before or 
soon after birth. In the patients who have hepatitis alone, 
the disease then usually resolves. In others, the hepatitis 
also has a component of cholangitis of the extrahepatic 
ducts. The cholangitis, then, in many cases goes on to 
varying degrees of obliteration of the ducts, which be- 
comes known as biliary atresia (Fig 1). In most cases, the 
closure will be in the extrahepatic ducts alone. In others, 
apparently the closure will also extend up into the intra- 
hepatic ducts. | 

Evidence for this is that in some cases, at exploration, 
the ducts have been found open, and hepatitis has been 
demonstrated.: At subsequent autopsy, the ducts have 
not been patent. Further evidence lies in the fact that for 
years it has been known that the enzyme tests for biliary 
disease have been of no use in differentiating hepatitis 
from biliary atresia. In retrospect, the reason for this 
probably lies in the fact that both biliary atresia and neo- 
natal hepatitis have a common component of hepatitis. Fi- 
nally, succeeding infants of one mother have been found 
to have biliary atresia in one and hepatitis in another. 
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Biliary atresia is — 
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sclerosing cholangitis 


Fig 1.—Left, Biliary atresia in most cases includes both hepatitis 
and sclerosing cholangitis. Cholangitis often affects extrahepatic 
ducts without affecting those within liver. Center, Sclerosing chol- 
angitis may leave some of proximal extrahepatic ducts open. If this 


_ Shallow 
dissection 
into porta 
hepatis 


7 


l } 
Fibrotic gallbladder and ducts 


Small bowel 
anastomosis 
to liver 
capsule 


Fig 2.—Top left, The Kasai operation is performed when there are 
no patent extrahepatic ducts. Fibrous remnants of these, together 
with gallbladder, are dissected up to liver. Round plate of liver tissue 
1 cm in diameter and 3 mm thick is removed where fibrous tissue 
ends. Bottom left, After bleeding is controlled by pressure, anasto- 


Recent evidence from Japan suggests that irreversible 
cirrhosis usually takes place within two or three months of 
the onset of the disease.’ 


Diagnosis 
An excellent study by Kimura’ states that the diag- 
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open portion of duct is large enough, it may be used for direct 
anastomosis. Right, In the most frequent case, ducts will be closed 
up to liver, but open in intrahepatic ducts. Some will have closure of 
intrahepatic ducts as well. 





mosis to small bowel is made around periphery of raw area. Right, 
Kasai has found double Roux-en-Y anastomosis to work best. Sev- 
eral other types of anastomosis are favored by other Japanese sur- 


geons. 


nosis of biliary atresia rests chiefly on the use of four 
tests: l 
1. Stool color: The first is observation of the color of the 
baby’s stools. An infant with biliary atresia will have clay 
or light tan stools with only a trace of yellow. These light- 
colored stools are not necessarily present at birth, but 
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may, in a third of the cases, develop subsequently. 

=. Liver punch biopsy: A biopsy usually shows evidence 
of hepatitis. In the instance of biliary atresia, it will also 
usally show proliferation of the end ductules and intra- 
canalicular bile plugs. : 

£. Rose bengal sodium I 131 scan: In biliary atresia, se- 
rial rose bengal scens over three to four days will show no 
bile going rto the gastrointestinal tract and a retention 
of the dye within zhe liver. 

«. Serial examinations of the total bilirubin level: Over 
seweral weeks, these examinations will show a rising or 
fla. curve in atresia, while in most instances of neonatal 
hepatitis, the total bilirubin level will climb and then will 
deemease as zhe condition improves. | 

Many other tests have been proposed that so far have 
no been fully proved as useful. 


Treatment 


@peration should be undertaken before 2 or 3 months of 
age If the jaundice has appeared later, such as at 2 
months, then probably within one or two months of the 
time when it appears will be adequate. 

Kasai first performs an operative cholangiogram. If this 
chelangiogram shows patent extrahepatic ducts, the ex- 
pleration is stopped. If a proximal duct suitable for 
anastomosis is present, an anastomosis to small bowel is 
camried eut In the usual case, no extrahepatic ducts are 
found suitable for anastomosis. The fibrosed remnants of 
these ducts will or:ginate in one or two small mounds of 
tissue, just anterior to the portal vein where the ducts or- 
dimerily emerge from the liver. He then dissects off these 
mounds of <issue within a 1-cm diameter area, going only 
2 or 3 mm iato the liver (Fig 2, top left). Bleeding from the 
liver is conzrolled by pressure, never by cautery: A small 
bowel anastomosis is then made around the periphery of 
this raw area tò the liver capsule and to the anterior wall 
of <ae portal vein posteriorly (Fig 2, bottom left). 


He and his colleagues have discovered that a simple 
Roux-en-Y anastomosis has not prevented a frequently 
fatal ascending cholangitis. Therefore, he now performs a 
double Roux-en-Y anastomosis that includes an external 
vent (Fig 2, right). 

In the collected experience of five centers in Japan in 
1972, it was found that 42% of 116 cases operated on be- 
fore 3 months of age were without jaundice at the end of a 
year or more postoperative. For explorations carried out 
after 3 months of age, success was achieved in only 7% of 


99 cases. 


We have observed eight primary anastomoses of the 
Kasai type under 3 months of age. Four are now over a 
year without jaundice. Four are less than a year. Three of 
the latter have shown bile flow. Anastomoses in several 
cases, after initial explorations elsewhere, have been dis- 


appointing. The livers in all of our cases are still enlarged- 


and show other signs of cirrhosis. Experience of the Japa- 
nese suggests that these livers will continue to improve. 

It has been found that the success or failure of the oper- 
ation depends on several factors: (1) The patient should be 
operated on before 3 months of age. Irreversible cirrhosis 
will usually have developed by that time, and sometimes 
before then. (2) The size of the ducts in the liver tissue re- 
moved at the porta hepatis is of critical prognostic signifi- 
cance. If these ducts are less than 200u in diameter, ade- 
quate excretion of bile is unlikely. If they are smaller than 
this, it probably means that the cholangitis has extended 
up into the ducts in the liver. (3) The occurrence of ascend- 
ing cholangitis after the establishment of good bile flow 
may prove fatal. This must be guarded against by the im- 
mediate use of antibiotics when unexplainec fever ap- 
pears. 


Nonproprietary Name and 
Trademark of Drug 


Rose bengal sodium I 131—Robengatope I-131. 


References 


L Thomsoa J: On congenital obliteration of the bile ducts. Edin 
Mee J 37:504616, 1891. } 

2 Ladd WE: Congenital atresia and stenosis of the bile ducts. 
JAMA 9¥:1082-1085, 1928. 

3 Kasai M, Suzuki S: A new operation for “non-correctable” 
bili.cy atresia: Hepatic porto-enterostomy. Shujutsw 13:733, 1959 
{in See 

4 Kasai M, et al: Surgical treatment of biliary atresia. J 
Pekatr Surg 3:665-675, 1968. 

5 Kasai M Treatment of biliary atresia with special reference 
to =patic porto-enterostomy and its modifications, in ress in 
“eel u-gery. Munich, Urban und Schwarzenberg, 1974, vol 

6 Landing BH: Considerations of the pathogenesis of neonatal 


Ard Surg/Vol 109, Sept 1974 


hepatitis, biliary atresia and choledochal cyst:—The concept of in- 
fantile obstructive sholeng ost, in: Progress in Pediatric Sur- 
gery. Munich, Urban und Schwarzenberg, 1974, vol 6, pp 113-139. 

7. Holder TM: Atresia of the extrahepatic bile duct. Am J Surg 
107:458-462, 1964. 

8. Blane WA: Quoted by Brent RL (ed): Persistent jaundice in 
infancy. J Pediatr 61:111-144, 1962. 

9. Oh-i R, Kasai M, Takahashi T: Intrahepatic bili 
Exp Med 


obstruc- 
Hee in congenital bile duct atresia. Tohoku 129-149, 

10. Kimura S: The early diagnosis of biliary atresia, in: Pro- 
gress in Pediatric Surgery. Munich, Urban und Schwarzenberg, 
1974, vol 6, pp 91-112. 


Biliary Atresia/Bill et al 369 


iar i o ot ee E 








ATS r 


Ka = Gai E; 


So NN + 
» 


SE SSE) 


ee a ere Ee er ra a eee FTF ; 
A i 5 n + eo å É $ = -a 


Original Articles 


Human Amniotic Membrane as a 
Physiologic Wound Dressing 


Guillermo Colocho, MD; William P. Graham III, MD; Arthur E. Greene, PhD; Dale W. Matheson, PhD; Dennis Lynch, MD 


In 65 patients, split-thickness donor sites were covered with am- 


niotic membrane. Amniotic membrane was used to dress partial- 
thickness burns in 42 patients. In rats, open wounds were covered 
with amnion and in others it was placed in a subcutaneous pocket. 
The amnion acted as a comfortable and effective wound dressing. 
None of the biopsy specimens, however, showed vascularization of 
the amnion by the host. 


HS amniotic membrane has been used as biologic 
dressing since 1913. Recently, interest has been re- 
newed in the use of this tissue for dressing wounds. 

Sixty-five patients had split-thickness skin donor sites 
covered with amniotic membranes. Forty-two patients 
with partial-thickness burns had their wounds dressed 
with amniotic membrane. Biopsies were performed on 
some of these wounds serially. All patients commented on 
the amount of pain relief offered by the dressing. 

A group of rats had open wounds covered with amnion 
while others had amnion placed in a subcutaneous pocket. 
None of these or those from patients on whom biopsies 
were performed showed vascularization from the host. 

Amniotic membrane is an inexpensive, readily avail- 
able, biologic dressing that is in need of greater eval- 
uation to assess its full potential in the management of 
traumatized patients. 

Despite a variety of dressings and local treatment regi- 
mens, pain from a split-thickness graft donor site can be 
an annoying sequela to any successful reconstructive pro- 
cedure. This pain, plus the potential for local infection, es- 
tablishes an opportunity for an appreciable morbidity. 

Biologic dressings have been used for the burn wound 
and have shown some promise in treating the donor site 
from which split-thickness skin grafts have been re- 
moved. This article reviews clinical experience with am- 
niotic membranes as dressings for burns, split-thickness 
skin graft donor sites, and an experimental investigation 
of the reaction surrounding these membranes. 
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Methods and Materials 


Clinical.—All the amnions used in these studies were obtained 
from the clean vaginal deliveries of women with normal results 
from serologic studies. At delivery these amnions were manually 
separated from the chorion and cut at the cord implantation level 
(Fig 1). They were cleansed of blood in running tap water and 
thoroughly rinsed in saline or Ringer lactate. 

Amnion for immediate use was placed in a 1% kanamycin sul- 
fate or neomycin sulfate solution and kept at 4 C for up to one 
week. Some was frozen and stored in a viable state after cooling 
in 20% glycerin by a technique identical to that used for human 
skin.‘ 

Either the fresh or stored frozen amnion was used in a single 
layer over the area to be dressed. Forty-two patients with full-and 
partial-thickness burn wounds have had these wounds dressed 
with amniotic membranes (Fig 2). 

Sixty-five patients have had split-thickness donor site wounds 
dressed with amniotic membranes (Fig 3). The first 20 patients 
had only part of their donor site dressed with amnion, the other 
half being covered with a fine gauze impregnated with petrola- 
tum. Serial punch biopsy specimens (4 mm) were obtained in both 
areas at 3, 5, 7, and 14 days after operation and the application of 
the dressing. In all instances the amnion was applied only once 
and allowed to desiccate and to separate from the wound sponta- 
neously as an eschar. 

Photographs were taken of the wounds at intervals and records 
kept regarding the patients’ indications of pain. Any evidence of 
infection or local reaction was recorded. Repeated cultures of the 
initial 20 patients’ wounds were taken. 

Experimental.—Twelve Wistar rats anesthetized with ether had 
frozen amniotic membrane sutured in a single layer to a 3x2.5 
cm-open wound on the panniculus carnosus (Fig 4). A comparably 
sized implant of the same membrane was placed in a subcutane- 
ous pocket on the contralateral side of the rat (Fig 5). A second 
group of rats had similar wounds covered with fresh amnion and 
an implant of fresh amnion placed in a subcutaneous pocket on the 
opposite side of the animal. 

In 20 other rats, a bipedicle flap was raised on the back of the 
animal and a single layer of amnion inserted and sutured in posi- 
tion with fine cat gut. Half of these implants were fresh amnion 
and the remainder had been frozen. 

All of the animals had plaster jackets placed to protect the 
wounds. Half of the rats were killed on the third day and the rest 
on the fifth day postoperatively. Intracardiac india ink injections 
were done just prior to death. 

Histologic sections were prepared of all the implants and the 
wounds. Viability of the fresh and frozen amniotic membranes 

had been demonstrated by tissue culture in a modified Eagle min- 
imal essential medium. Using the eosin exclusion method (0.5% eo- 
sin) wherein eosin is taken up by dead cells and excluded by living 
cells, it was demonstrated that both the fresh and frozen mem- 
branes contained viable cells at the time of their use as biologie 
dressings. 
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Results 

Giinicai.—W hen applied to superficial burns, the amniotic 
membranes redueec the patients’ discomfort immediately. 
The amniotic membranes became desiccated, forming a 
dry eschar cver the surfaze of the burn that gradually be- 
came detached as reepithelialization proceeded beneath 
the membrane. 

Cne partia!-thickness burn became secondarily infected, 
anc one child who kad two applications of amnion to peri- 
neal and buttock burns had a febrile response after each 
application. Cultures of tae membranes applied were ster- 
ile. 





oF votes T a = - 
Fe 1.—Placenta and membranes prior to separation of amnion 
anc chorien. 
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Two of the 65 donor sites became infected. One was re- 
peatedly soiled with stool on the buttock of a child. The 
other was on the lateral thigh of an elderly woman with 
lupus erythematosus. Neither developed a full-thickness 
skin loss, but they did experience delayed healing. All pa- 
tients uniformly noted less pain in the donor sites covered 
with amnion than in the part of the donor wound dressed 
with petrolatum gauze. Several patients who had more 
than a single donor site or subsequent removal of addi- 
tional grafts spontaneously asked that these other wounds 
be dressed with amnion. 

Both microscopically and clinically, acceleration of re- 
epithelialization could not be confirmed. None of the am- 
nion became vascularized or appeared to remain viable. 
Cultures from biopsy specimens of the amnion-covered 
sites and of the gauze-covered donor areas showed normal 
skin flora. 

Experimental.—In all of the experimental work there 
was negligible difference between the fresh and frozen 
amnion, except for a better cellular definition in the fresh 
membranes (Fig 6). No gross or microscopical vasculariza- 
tion of these membranes occurred. Vessels came close to 
the surface of the membrane but did not enter it (Fig 7). 

The amnion placed on the open wounds of the pan- 
niculus carnosus were not adherent at three days and only 
partially adherent at five days (Fig 7, left). Autolysis of 
the membranes occurred in half of the rats. 

In the group of rats that had had the membranes placed 
beneath the bipedicle flap, none of the frozen amnions 
were adherent to the raw surface of the wound at three 
days and only half were adherent at five days. All of the 
fresh membranes that had been placed under the pedicle 
flap were adherent to the wound at three days and re- 
mained so at five days. The inflammatory and fibrous reac- 
tions around the membranes were comparable regardless 
of whether a fresh or a frozen membrane had been im- 
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Fig 3.—Top, Donor site on hip and thigh of young girl, covered 
with amnion. Bottom, Ten days after removal of graft. Excellent re- 
epithelialization. 
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Fig 5.—Appearance of a fresh amnion after five days within a sub- 
cutaneous pocket. Vessel filled with india ink can be seen over sur- 


face of implant. 
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Fig 4.—Top, Amnion applied to open wound on back of rat. Bot- 
tom, Five days after application of amnion, wound is dry and am- 
nion has desiccated. 





Fig 6.—Fresh amnion three days after subcutaneous implanta- 
tion. Note mild inflammatory reaction around it, but good residual 
cellular detail ( X 40). 
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Fg 7.—Left, Frozen amnion cn surface of wound. Particles of india ink can be seen within vessels just below membrane (x 40). Right, 
Hiempowerec view:demonstrating india ink particles within small vessels adjacent to, but not entering, membrane ( X 100). 


planted, although cellular preservation within the fresh 
membranes was better (Fig 5). 


Comment 


Several investigators®** have indicated that amniotic 
membrane placed on a wound becomes vascularized sev- 
era days after app_icatian. Robson et al° have shown that 
if tae chorion is plaeed ona wound, vascularization will oc- 
zur The present study failed to demonstrate any vascu- 
larzation of the amnion alone. 

£mnion placed on a partial-thickness skin wound (eg, 
zrazt donor site) desiccates if left exposed, while regener- 
atian of the underlying epithelium begins by the third day 
anc is often complete by the seventh (Fig 3). In this study, 
ioevidence of rejection was seen and no allergic reactions 
eceurred. 

The value cf amniotic membranes as dressings for par- 
ialathickness burns has been shown by Dino and his asso- 
ciates®-° (Fig 2). The experiences of this study substantiate 
the findings. The use of these membranes over partial 
thiexness:;wcunds provides substantial relief of pain possi- 
bly oroteetirg against superficial bacterial infections and 
may even facilitate reepithelialization. More elaborate 
studies are needed to verify these last two clinical impres- 
gions. 

G.lask and Snyder” have demonstrated the presence of 
nul-iple faeczers in human amniotic fluid that are anti- 
bacterial. Whether these are retained within the isolated 
ammon is uncertain, but should they be present the value 
of tlis material as a dressing may be enhanced. Caloric 
and fluid losses from sizeable partial-thickness wounds 
may also be reduced by these dressings. 

The storage of frozen amniotic membranes in 20% glyc- 
erin in liquid nitrogen provides an unlimited source of 
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physiologic wound dressings. Storage of fresh membranes 
in 1% antibiotic solution under regular refrigeration pro- 
vides a simple comfortable dressing for partial-thickness 
burn wounds for use in ambulatory patients. 

Although the sheets of amnion on large open wounds 
rapidly desiccated and began to separate as healing pro- 
gressed beneath them, those buried beneath the experi- 
mental flaps continued to retain their cellular integrity 
even after five days, suggesting that they had survived by 
plasmatic circulation. In none of the human donor site 
biopsies or the experiments in which india ink injections 
were done could communications with the host circulation 
be identified. 


This investigation was supported by a grant from the John A. Hartford 
Foundation and Clinical Research Center grant FR00322. 
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Transthoracic Fundoplication 


for Short Esophagus in 


John H. Seashore, MD, Edward R. Woodward, MD 


The foreshortened, strictured esophagus resulting from chronic 
gastroesophageal reflux presents a therapeutic challenge. The fundic 
patch procedure, combined with fundoplication, may be uniquely 
suited to this problem since the fundoplication is effective even in 
the thorax. The first child reported to have an intrathoracic fundopii- 
cation continues to have a good result seven years later. Two other 
children have had effective treatment by the combined Thal-Nissen 
procedure. Further clinical trials with this operation in children ap- 
pear to be warranted. 


H” hernia is being recognized with increasing 
frequency in the pediatric age group. Medical ther- 
apy is successful in most cases, but a small percentage of 
patients require surgical intervention for various compli- 
cations. In children, growth failure is the most common in- 
dication for operation. 

Abundant clinical and experimental evidence clearly in- 
dicates that elimination of gastroesophageal reflux rather 
than repair of the hernia is essential for successful surgi- 
cal correction. Operations described by Nissen,' Baue and 
Belsey,’ Hill,’ and Vos and Boerema,* and modifications of 
these have yielded good to excellent results in more than 
90% of patients. Since no one of these procedures has 
proved to be clearly superior, the choice of operation is dic- 
tated by the surgeon’s preference and the specific ana- 
tomic derangement. 

The treatment of short esophagus associated with un- 
controlled gastroesophageal reflux is a challenging clinical 
problem. Even after extensive mobilization it may not be 
possible to reduce the cardioesophageal junction below the 
diaphragm.*** Nissen fundoplication is particularly ap- 
propriate in this situation since control of reflux is 
achieved by an artificial valve-like mechanism and does not 
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Children 


depend on intra-abdominal pressure or the diaphragmatic 
crura.”* The effectiveness of this mechanism in the intra- 
thoracic position has been demonstrated.*-" 

Peptic stricture of the esophagus is a life-threatening 
complication of chronic gastroesophageal reflux. Thal’? has 
recently introduced a unique procedure to treat strictures 
at the gastroesophageal junction, using a patch of gastric 
fundus to cover the longitudinally incised stricture. Fun- 
doplication is added to prevent further reflux. 

We wish to describe a seven-year follow-up of the first 
child to have an intrathoracic Nissen fundoplication for 


Fig 1.—Patient 1; preoperative barium swallow showing fixed 
hiatus hernia without stricture. 
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Fa 2.—Pate=nt 1; barium swallow six years postoperatively. Intra- 
-horacic gastic fumdus surrounds distal part of esophagus. 


Fig 3.—Patent 2: preoperative barium swallow. There is narrow 
stricture at irreducible gastrcescphageal junction. Esophagitis and 
jicerations am seem proximal tc stricture. 
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congenital short esophagus, initially reported by Clarke 
and Woodward in 1968.‘ Two other children have been 
treated for hiatal hernia, strictures, and short esophagus 
by the combined fundic patch-fundoplication procedure 
and illustrate the effectiveness of this operation in the pe- 
diatric age group. 


Report of Cases 


Case 1.—A 2%-year-old girl was first seen in 1966 with a lifelong 
history of postprandial vomiting of feedings frequently streaked 
with blood. Barium swallow demonstrated hiatal hernia with the 
cardioesophageal junction fixed in the mediastinum but no stric- 
ture (Fig 1). At thoracotomy, the gastroesophageal junction could 
not be positioned below the diaphgram. A Nissen fundoplication 
was performed, and the margins of the hiatus sutured to the 
stomach to maintain the intrathoracic position of the repair. For 
the past seven years her growth and development have been nor- 
mal and she has had no regurgitation or hemorrhage. Periodic 
roentgenograms have demonstrated an intact intrathoracic repair 
and no evidence of reflux (Fig 2). 

CASE 2.—A 14-year-old boy was admitted with a six-month his- 
tory of postprandial vomiting, substernal chest pain, and progres- 
sive dysphagia. When first seen, he was able to ingest only liquids 
and strained baby food. Weight loss and hematemesis had not oc- 
curred. Barium swallow demonstrated a fixed hiatus hernia, short 
esophagus, and a narrow l-em stricture at the gastroesophageal 
junction (Fig 3). Uleerations and pseudodiverticula were noted in 
the esophagus proximal to the stricture. Esophagoscopy revealed 
severe reflux esophagitis and a tight stricture at 29 cm that would 
only accept a #10 French dilator. At thoracotomy, the gastro- 
esophageal junction could not be reduced below the diaphragm. 
The thick, fibrous stricture was incised longitudinally and the de- 
fect was covered with a patch of gastric fundus. Additional fun- 
dus was wrapped around the distal 3 cm of the esophagus and the 
entire repair left in the chest. His postoperative course was un- 
complicated except for transient left lower lobe and right upper 
lobe atelectasis. During a one-year follow-up he has been able to 
swallow all foods without difficulty. When he eats too much or too 
rapidly, he occasionally complains of mild epigastric distress. Se- 
rial barium swallow studies have shown an intact repair and no 
obstruction (Fig 4). During one of these studies, a trace of esoph- 
ageal reflux was seen after epigastric compression. 

CasE 3.—A boy was first seen at age 3 years with a history of 
postprandial vomiting and poor growth since birth. Barium swal- 
low showed a small hiatal hernia without reflux. Medical therapy 
consisting of small, frequent feedings and antacids produced 
some symptomatic improvement, but he did not gain weight and 
gradually developed difficulty swallowing solid foods. A second 
barium swallow at age 4 demonstrated reflux esophagitis and dis- 
tal esophageal stricture (Fig 5). Medical therapy was continued in 
hope of controlling esophagitis prior to operation. At age 5, a swal- 
lowed toy plastic bullet caused complete esophageal obstruction 
and had to be removed by esophagoscopy. Surgical correction was 
subsequently performed through a left-sided thoracotomy. The 
esophagus was foreshortened by chronic scarring, and the gas- 
troesophageal junction could not be placed below the diaphragm. 
The 2-em stricture was opened longitudinally and closed with a 
Thal patch. Fundoplication in the mediastinum completed the pro- 
cedure. In the first postoperative weeks, he had several episodes of 
severe epigastric pain typical of the so-called gas-bloat syndrome. 
As he learned to eat more slowly and carefully, these episodes de- 
creased in severity and one year later are only a minor nuisance. 
He has been able to swallow all foods normally and has not vom- 
ited. Weight gain has been steady but not spectacular. Barium 
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Fig 4.—Patient 2; barium swallow one year postoperatively. Valve- 
like mechanism is readily apparent. 


swallow demonstrates an intact repair with no evidence of ob- 
struction or reflux (Fig 6). 


Operative Technique 


The operative technique has been described previously." 
A standard posterolateral thoracotomy through the sev- 
enth intercostal space or the bed of the eighth rib is used. 
The distal part of the esophagus is mobilized and the 
phrenoesophageal ligament incised to enter the peritoneal 
cavity. The vagus nerves are carefully preserved. Ade- 
quate exposure of the upper part of the abdomen is 
achieved either by a radial incision in the diaphragm to 
enlarge the hiatus or by a curved peripheral incision 
through the diaphragm near its attachment to the antero- 
lateral chest wall. The latter method entails less risk to 
the innervation and blood supply of the diaphragm. The 
gastric fundus is mobilized by dividing most or all of the 
short gastric vessels. The superior portion of the gastro- 
hepatic ligament along the lesser curvature is also divided 
to facilitate subsequent fundoplication, but the left gas- 
tric vessels are preserved. The esophageal stricture can be 
identified by passing a large blunt bougie (#34 French to 
#50 French, depending on the size of the patient) through 
the mouth. The stricture is incised longitudinally on the 
anteromedial surface extending superiorly into normal 
esophagus and inferiorly into the stomach. The large 


bougie is advanced into the stomach to prevent compro- 


mising the esophageal lumen. The defect in the esophagus 
is triangulated by suturing the inferior portion of each 
side of the incision to the adjacent gastric fundus with 
continuous chromic catgut sutures. Additional fundus is 
drawn up without tension to the apex of the incision and 
held in place with a stay suture. The remaining edges of 
the incision are then sutured to the overlying gastric fun- 
dus with continuous catgut reinforced by a row of inter- 
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Fig 5.—Patient 3; preoperative barium swallow shows stricture at 
gastroesophageal junction that is pulled well up into chest. 
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Fig 6.—Patient 3; barium swallow one week postoperatively. Es- 
sentially same findings were seen at one year. 


rupted silk Lembert sutures. Additional fundus from the 
greater curvature is brought up and wrapped around the 
patch and the distal esophagus. The folds of fundus are su- 
tured together and to the muscular wall of the esophagus 
anteriorly with interrupted silk sutures. The large bougie 
is replaced with a nasogastric tube. The enlarged hiatus is 
sutured loosely to the stomach with interrupted silk su- 
tures. Two intercostal tubes are placed to drain the pleural 
space and the thoracotomy incision is closed in layers. 

If the patient has no stricture or a stricture that can be 
dilated, fundoplication is performed as described but the 
esophagus is not opened and only a single chest tube is 
used. 

The anterior chest tube is removed as soon as drainage 
stops, but the posterior tube remains in place until the pa- 
tient is taking oral feedings. A barium swallow is ob- 
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tained on the seventh postoperative day and, if the esoph- 
ageal lumer is patent anc no leaks are seen, oral feedings 


are begun. Tne chest tul= is then removed, feedings are 


advanced as tolerated, and the patient discharged a few 
days later. 


Comment 


Congenital short esophagus is a rare entity. Most cases 
of short esoohagus result from chronic esophagitis and fi- 
brosis and zre assoeiated with esophageal stricture. Dila- 
tion combined with an antireflux procedure is the treat- 
ment of ehcice for established stricture.’ The relatively 
ancommon -cugh fibrous stricture that does not yield to 
dilation requ-res direct surgical intervention. Esophago- 
gastrectomy combined with an antireflux anastomosis,'*'** 
resection and intestinal interposition,’ and resection with 
reconstruction by tube gastroplasty'* are the most com- 
monly used procedures. Morbidity and mortality are vari- 
able but mey be quite high, especially with inter- 
dosition, = and evidence to date does not demonstrate 
any one ef -hese procedures to be clearly superior. 

The fund& patch operation devised by Thal offers sev- 
eral advantages. Esophageal resection is not necessary. 
Dissection and operating -ime are decreased and at least a 
portion of the lower esoohageal sphincter is preserved. 
The suture Lre is well buttressed by the pulled-up fundus. 


Fundoplication further reinforces the closure and protects 
against leaks. Since the fundoplication is effective even 
when left in the thorax, the operation is especially suit- 
able for patients with a short esophagus or a relatively 
long stricture. Good results with this operation have been 
reported in 18 of 22 patients by Thal’ and 18 of 23 pa- 
tients by Thomas et al.” In the combined series there has 
been one death and one suture line leak. Postoperative 
morbidity has been low except for the gas-bloat syndrome, 
which presumably occurs as a result of a fundoplication 
that is too tight, rendering the patient unable to eructate. 
This distressing complication has been reported in as 
many as 50% of patients,” occasionally as a long-term 
problem, but most series record an incidence of 5% to 
15%.°* 3 Bettex and Kuffer: do not mention this complica- 
tion in their series of 112 transabdominal fundoplications 
in children, but two of the three children reported here 
suffer mild episodes of epigastric distress. The occasional 
occurrence of mild gas-bloat symptoms is a small price to 
pay for the protection against reflux afforded by fundopli- 
cation when the gastroesophageal junction must be left in 
the chest. 


This investigation was supported in part by grant AM02372 from the Na- 
tional Institutes of Health (Dr. Woodward). 
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A Study of Bladder Catheterization 
With Inguinal Hernia Operations 


Duane L. Haskell, MD; Bernard Sunshine, MD; Carl J. Heifetz, MD 


Twelve percent (five of 41) of men over 50 years of age under- 
going inguinal herniorrhaphy required postoperative catheterization. 
No urinary tract infections developed. Eighteen percent (five of 36) 
of similar patients treated by inlying catheter during the operation 
only required later postoperative catheterization. No urinary tract in- 
fections developed. Of a third group of similar patients on whom the 
catheter was allowed to remain in place for 24 hours, no further 
catheterizations were required. Three developed bacteriuria, which 
was not present before operation, all of which cleared with appropri- 
ate antibiotics. If the surgeon intuitively anticipates the need for 
postoperative catheterization where such catheterization may not be 
possible under ideal circumstances, an inlying catheter inserted un- 
der ideal conditions in the operating room is recommended for 24 
hours. 


t has been the impression at our institution that 
following elective inguinal herniorrhaphy many male 
patients required catheterization of the urinary bladder 
because of inability to void. The catheterization would 
often be performed in a less than optimal environment, in 
the patient’s room, by a house officer or substitute who 
was often not familiar with the individual patient. 

The present study was undertaken to determine the 
percentage of such patients actually requiring postopera- 
tive catheterization, the incidence of complications associ- 
ated with postoperative catheterization in the patients’ 
rooms, and whether preoperative catheterization under 
ideal conditions prevalent in the operating room would re- 
duce the need for postoperative catheterization and, thus, 
the risk of complications. Of additional interest was 
whether the type of anesthesia and/or preexisting uri- 
nary tract symptoms suggestive of bladder outlet obstruc- 
tion had any bearing on the need to catheterize a patient 
postoperatively. 
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Method 


Male patients over 50 years of age scheduled for herniorrhaphy 
were selected for the study. Before receiving preoperative medi- 
cation, each patient was required to urinate. The subjects were 
then randomly assigned to one of the three groups: Group 1 (con- 
trols) comprised patients observed postoperatively and catheter- 
ized only if they were unable to urinate after standard methods of 
encouragement were unsuccessful. The standard methods of en- 
couragement included hydration, standing at the bedside, use of a 
commode, the sound of running water, and, in some cases, the in- 
jection of 5 mg of bethanechol (Urecholine) chloride subcutane- 
ously. Group 2 comprised patients catheterized after the induction 
of anesthesia and immediately before the herniorrhaphy was _ 
started. A 16 or 18 French catheter was inserted under strict asep- 
tic conditions, the volume of residual urine measured, and a cul 
ture made. The catheter was then removed before the patient left 
the operating room. The lack of ill effect of a single catheter- 
ization has been documented,’ and it was hoped that the complete 
removal of residual urine might enhance the ability to void the 
urine postoperatively. Postoperatively, the patients were man- 
aged the same as those in group 1. Group 3 comprised patients 
catheterized like those in group 2; however, the catheters were left 
indwelling for 24 hours. At the time of insertion, the volume of re- 
sidual urine was measured and cultured. The urine was cultured 
again before the catheters were removed at the end of 24 hours. 
After the catheters were removed, these men were managed the 
same as those in group 1. 

All patients were observed for signs or symptoms of urinary 
tract infections for the full extent of their hospitalizations. Cathe- 
ters inserted postoperatively were of the closed drainage type and 
were left indwelling for 48 hours. Before their removal, the urines 
were cultured. 


Results 


A total of 110 men, with ages ranging from 50 to 83 
years, were included in the study (Table). 

Group 1 (mean age, 64.5 years) consisted of 41 men. 
Eighteen (44%) had preexisting urinary tract problems 
(benign prostatic hypertrophy, previous urinary retention, 
infections, or operations). Of the 41 patients, five (12%) re- 


Bladder Catheterization/Haskell et al 


Clinical Data 


No. of 
Preexisting 

No. of Mean Urinary 

Cases Age, yr Problems 
Group 1 41 64.5 18 
Group 2 36 58.0 9 
Group 3 33 61.8 11 
Total 110 38 


™ Median ir parentheses. 

One required postcperative catheterization. 
t Four required postoperative catheterization. 
§ Includes ene local anesthesia. 


qui-ed eathsterization pestoperatively; only one of these 
hac a history of urinary tract problems. 

Twenty-fve men had spinal anesthesia. Four of these 
reqaired postoperative catheterization. Of the 16 men re- 
ceiving gen2ral inhalation anesthesias, one was catheter- 
izec postoperatively. The urine volumes obtained on cath- 
eterization Destoperative y varied from 350 ml to 900 ml. 
Nore of the men catheterized postoperatively developed 
signs or symptoms of urinary tract infections. None of 
this group’s urine cultures demonstrated bacteria. 

Group 2 (mean age, 58 years) consisted of 36 men. Nine 
(25S) had preexisting urinary tract problems. Of the 36 
patents, five (18%) required catheterization again postop- 
ara~ively; three of these gave a history of urinary tract 
orealems. 

OF the 22 men in this group receiving spinal anesthesia, 
four were cetheterized postoperatively. One of the 14 men 


-eeaiving general anesthesia required postoperative cath- - 


atemization. The preoperative residual urine of the men re- 
yuiting postoperative catheserizations varied from 15 ml 
to 110 ml. The residual volumes of the group as a whole 
-anzed frora 0 ml to 200 ml, with the mean being 50 ml. 
The volumes obtained by the five postoperative catheter- 
zatons vared from 250 ml to 700 ml. 

Less than 1,000 colonies per milliliter of a Streptococcus 
spees grew “rom one urme culture of a patient requiring 
a s@ond catheterization ‘the preoperative catheter urine 
eultare was positive for the same organism), and after a 
aegative operating room culture, less than 1,000 colonies 
əer milliliter of Gram-negative rods grew from another 
eultare. It is likely that the latter result was due to con- 
tamenation during catheterization. The other cultures 
were negative. 

Group 3 mean age, 61.8 years) consisted of 33 men. 
Nore of these men required further catheterization after 
34 bours of urinary bladder drainage. Eleven (33%) had 
preexisting urinary tract complaints. The residual vol- 
ams ranged from 0 to 300 ml, the mean being 60 ml. 
Twenty-four men had spinal, eight had general, and one 
had local anesthesia. Six men had postoperative bacte- 
riura. Three of these pat ents had positive urine cultures 
preqperatively, and only one had more than 10° colonies 
per milliliters. The three who had positive preoperative 
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No. of 
Preoperative Type of Anesthesia Postoperative 
Residual Catheterizations 

Urine, mi* General Spinal Required 
Not cathe- 16 25. 5 

terized 

0-200 14t 22ł 5 

(50) 

0-800 8 258 0 

(60) 

38 728 10 


urine cultures had increases in their colony counts over the 
period of catheterization. All six cleared with appropriate 
antibiotic therapy after the catheters were removed. 


Comment 


It is not within the scope of this article to discuss the 
causes of postoperative urinary retention and when cathe- 
terization should be instituted for it. These have been well 
summarized by Creevy.’ It is important, however, to rec- 
ognize that overdistention is harmful to the bladder and 
that the decision for catheterization should be individ- 
ualized for each case and should be made by someone who 
is knowledgeable. 

We were surprised that of the group 1 patients, only 
12% (five of 41) required postoperative catheterization. 
This is less than our previous observation that almost a 
third required catheterization. This has also been the ex- 
perience of Ganchrow et al’ after hemorrhoidectomy, and 
of Peloso et al‘ after cholecystectomy. It is possible that 
the low percentage in our study resulted from strict ad- 
herence to the rule requiring urination before pre- 
medication, strictrer than often occurs when there is no 
study going on. 

The present study does not allow a conclusion that all 
patients beyond age 50 years should be catheterized in the 
operating room. However, certain conclusions of some 
practical value may be forthcoming. For example, the in- 
sertion of a catheter in itself may be attended with com- 
plications, including hematuria (one case), prostatitis (one 
case), and bacteriuria (eight cases). Although these com- 
plications turned out to be minor, and either self-limiting 
or amenable to treatment, we are not inclined to regard 
them lightly. 

The removal of residual urine by catheter during anes- 
thesia and immediately before starting the operation 
(group 2) did not reduce the number requiring postopera- 
tive catheterization over the group 1 patients. However, 
when the catheter was left indwelling for 24 hours (group 
3), none of the patients required postoperative catheter- 
ization, statistically significant to the 4% level (chi 
square). The beneficial result from leaving the catheter in- 
lying for 24 hours may be due to the fact that the patient 
is no longer recumbent, the effects of anesthesia have 
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ie lie at TE ed = 





worn off, the acute pain is less severe, and the upright po- 
sition and abdominal musculature may increase the pres- 
sure on the bladder. Accordingly, if catheterization at the 
time of the operation is deemed advisable for one reason 
or another, it would be desirable to leave a catheter in for 
this 24-hour period, following which it can be removed 
with reasonable assurance that reinsertion will not be 
needed. 


Although 11% (eight of 71) of those receiving spinal an- 


esthesia required postoperative catheterization, while only 
5% (two of 37) of those receiving general or local anesthe- 
sia required catheterization, these figures were not statis- 
tically significant (chi square, 25% confidence level). Inclu- 
sion of a larger number of cases might alter this result. 
There was also no correlation between the age of the pa- 
tients or the presence of preexisting urinary tract prob- 
lems and the need for postoperative catheterization. 

The amounts of preoperative catheterized residual urine 
ranged from 0 to 800 ml. This wide variation also could not 
be correlated with the need for postoperative catheter- 
ization. It is noteworthy that the patient with 800-ml re- 
sidual urine, who was in group 3, did not have to be cathe- 
terized postoperatively. 

The problem of bacterial contamination of the urine re- 
sulting from catheterization is a complex one. There can 
be no doubt that the introduction of a catheter into the 
bladder introduces bacteria, some of them pathogenic, 
into the urinary tract,’ and that an inlying catheter has 
greater propensity to set up a urinary tract infection than 
does a single catheterization.’ Nevertheless, it often takes 
more than 24 hours of an indwelling catheter to set up 
gross urinary contamination, and the colony count is usu- 
ally proportional to the time beyond 24 hours that the 
catheter is left indwelling.”* In the group 2 cases, there 
was only one instance of proven contamination that was 
not present prior to surgery. However, it is possible that if 
we had obtained postoperative catheterized specimens of 
urine from all the other patients of this group, other in- 
stances of contamination may have come to light. In the 
group 3 cases a better measure of the adverse effects of 
the catheter could be obtained, since all 33 cases had cul- 
tures taken when the catheter was removed after 24 
hours. Although there were three instances of contamina- 
tion not found in preoperative urine cultures, and there 
were increases in the colony counts of the three patients 
with preoperative positive cultures, none of the counts 
were or became clinically significant. 

The dangers of bacterial contamination and infection 
from catheterization cannot, of course, be answered by 
this study. That these dangers are minimal if the urinary 
bladder is normal has been well demonstrated.® In our in- 
stitution when there is a question of the need for postop- 
erative catheterization, it is evaluated and performed by a 
house staff officer under appropriate aseptic conditions. 
There are probably less fortunate institutions where, due 
to lack of personnel or for other reasons, needed catheter- 
ization may be inordinately delayed and may be per- 
formed by less experienced personnel under less than 
ideal conditions. Such circumstances could conceivably 


380 Arch Surg/Vol 109, Sept 1974 


lead to high degrees of contamination and even frank in- 
fection. If such conditions are prevalent, it might be well 
in cases of hernia repair in patients over the age of 50 
years to place an indwelling catheter under the ideal asep- 
tic conditions existing in the operating room, removing it 
in 24 hours. | 


Conclusions 


Twelve percent of men, 50 years or older, required post- 
operative catheterization following elective hernior- 
rhaphy. Catheterization performed in the operating room 
under anesthesia before surgery and removed at the end 
of the operation did not reduce this percentage. However, 
catheters similarly inserted and left indwelling for 24 
hours reduced the need for recatheterization to zero. 

Although we were unable to demonstrate statistical sig- 
nificance between spinal and general anesthesia and the 
need for postoperative catheterization, we gained the im- 
pression that, if there were more patients than the 110 in- 
cluded in this study, a greater percentage of postoperative 
catheterization would be associated with spinal than with 
general anesthesia. 

There was no correlation between the ages of the pa- 
tients, the presence of preexisting urinary tract problems, 
or the amounts of urine obtained by catheterization and 
the need for postoperative catheterization. No significant 
serious complications, including bacterial infections, arose 
from leaving catheters indwelling for 24 hours. 

There are situations when the experienced surgeon may 
intuitively anticipate the need for postoperative catheter- 
ization. If, in addition, knowledgeable personnel are not 
available who can evaluate the need for and timing of cath- 
eterization and perform the procedure under ideal condi- 
tions, it is our suggestion that catheterization be done un- 
der the aseptic conditions prevailing in the operating 
room after anesthesia and before surgery. The catheter 
should then be removed after 24 hours. 


References 


1. Ansel J: Some observations on catheter care. J Chronic Dis 
15:675-682, 1962. 

2. Creevy CD: The care of the urological patient before and af- 
ter operation, in Campbell MF, Harrison JH (eds): Urology, ed 3. 
Philadelphia, WB Saunders Co, 1970, p 2106. 

3. Ganchrow MI, Mazier WP, Ferguson JA: Hemorrhoidectomy 
revisited. Dis Colon Rectum 14:128-133, 1971. 

4. Peloso OA, Wilkinson LH, Floyd VT: Suprapubic bladder 
drainage in genera’ purges Arch Surg 106:568-572, 1973. 

5. Guze LB, Beeson PB: Observations on the reliability and 
safety of bladder catheterization for bacteriologic study of urine. 
N Engl J Med 255:474-475, 1956. 

6. Pon. EH: Asymptomatic infections of urinary tract. Trans 
Assoc Am Physicians 69:56-64, 1956. 

7. Kass EH, Schneiderman LJ: Entry of bacteria into the uri- 
nary tracts of patients with inlying catheters. N Engl J Med 
256:556-557, 1957. 

8. Kunin CM, McCormack RC: Prevention of catheter-induced 
urinary tract infections by sterile closed drainage. N Engl J Med 
274:1155-1161, 1966. 

9. Cox CE, Hinman F Jr: Retention catheterization and the 
bladder defense mechanism. JAMA 191:105-108, 1965. 


Bladder Catheterization/Haskell et al 


~ Inthe September PRISM: 
Some first-hand reports 
- puncture some 








popular beliefs 


i 
4 


ER 





Joe! Posner, M.D. +e THE OTHER FACE 


Robert M. Hencrickson 
Elliott H. MeCleary 


Harrison Smith, M.D. 


Terence ©. Carden, Jr., M.D. 


David D. Rutstein, M.D. 


OF SWEDISH MEDICINE 


How do Swedish physicians view their highly 
acclaimed health care system? Why do most of 
them share a deep unhappiness with the way 
medicine is practiced? How and why has the 
government virtually eliminated private practice? 
This report by a young American physician 

who worked in Sweden belies many of the things 
you've read. 
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Is the health care situation in inner cities as 
desperate as popularly believed? What do the 
people who really know inner-city medicine think 
and feel about it? This curbside report from 
Chicago and Baltimore helps dispel some 
stereotyped beliefs. 
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Is friendship a successful formula for a medical 
partnership? Are the dangers greater than the 
possible satisfactions? What are the pitfalls? 
The author’s unhappy experience could spare 
you a jolting surprise. 


TOWARD A COMMON GROUND 


What headway has been made in bringing young 
physicians,and their older colleagues in the AMA 
together? What changes by both groups are 
necessary to develop more cooperation? The 
author, editor of The New Physician, chronicles 
housestaff developments in recent years. 
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Why does the author believe the fee-for-service 
system must be overhauled if physicians want 

to stem costs and retain public confidence? Why 
won't the PSRO law improve quality control? 
Read his thought-provoking assessments and 
proposals. 
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susceptible hospital infections 








Bacteriologically controlled studies to D. pneumoniae, Group A beta- 
demonstrated efficacy in patients with: hemolytic streptococci, Klebsiella 

m Skin and soft-tissue infections due spp. or H. influenzae. 

to Staphylococcus aureus, including m Genitourinary tract infections due 


penicillin G-resistant staph, Group A to E. coli, P. mirabilis, Klebsiella 
beta-hemolytic streptococci or E. coli. spp. or Staphylococcus aureus, 
m Respiratory tract infections due including penicillin G-resistant stapl 





Flexible Dosage: adjustable 
to fit severity of infection and 
renal status of patient: 


The usual adult dose of Cefady] is 0.5 Gm. to 

1 Gm. every 4 to 6 hours intramuscularly 

or intravenously. Doses up to 12 Gm. daily may 
be used in very serious or life-threatening 
infections. 


No nephrotoxicity reported 
during extensive clinical trials 


In fact, when Cefadyl was given to patients with 
marked reduction in renal function and to renal 
transplant patients, no adverse effects were 
reported. However, renal status of patients 
should be determined prior to and during Cefady] 
therapy, since in patients with impaired renal 
oie > function, a reduced dose may be appropriate. 
Low incidence of ver US Rises in BUN have been observed: their fre- 
irritation on [LN administration... quency increases in patients over 50 years old. 
(See Dosage, Adults —in Prescribing Informa- 
well tolerated locally tion on last page.) 
In cor-roliec studies of volunteers and of 
patiemts receiving I.V. Cefadyl, the incidence of 
venous irritation was law. Controlled studies in 
normal adult volunteers revealed that Cefady] 
was vll tolerated intramuscularly. 

Ceshalosporins are reported to produce 
macu®»papuar rası, urcicaria, reactions re- 
semb-ng serum-sickness and anaphylaxis. 
Eosirophilia and drug fever have been observed 
to be associated with otaer allergic reactions. 
These reactions are most likely to occur in 
patieamts wit1a history ef allergy, particularly 
to penicillin. 

In penicilln-allergic patients, cephalosporins 
shoula be used with great caution. There is 
clinice! and laboratory evidence of partial cross- 
allergenicity of the peneillins and the cephalo- 
sporizs, and there are instances of patients who 
have zad reactions to beth drugs finel uding fatal 
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_ Effective performance in surgical and other serious 


susceptible hospital infections 


E indicated in a wide range of respiratory, G.U., skin/soft 
tissue and other serious hospital infections 


: E high blood levels rapidly obtained by both I.V. and I.M. 


routes 
E high stability, small volume for I.M. administration 


CEFADYL® (sterile cephapirin sodium) 
7628 DIRO-04 March, 1974 


Description. Cefady! (sterile cephapirin sodium) is a cephalosporin antibiotic in- 
-tended for intramuscular and intravenous administration only. It is supplied as the 
- sodium salt of 7-[a-(4-pyridylthio)-acetamido]-cephalosporanic acid. Each 500 mg. 


contains 1.07 milliequivalents of sodium. 
Actions. Human Pharmacology—Following intramuscular administration of single 


_ 500 mg. and 1 Gm. doses to normal volunteers, average peak serum levels of 9.0 


and 16.4 mcg./ml. respectively, were attained at 30 minutes, declining to 0.7 and 
1.0 mcg./ml. respectively, at 4 hours and 0.2 and 0.3 meg./ml. respectively, at 


- 6 hours. 


Cefadyl and its metabolites were excreted primarily by the kidneys. Antibiotic 
activity in the urine was equivalent to 35% of a 500 mg. dose 6 hours after |.M. 
injection and to 65% of a 500 mg. dose 12 hours after injection. Following an |.M. 
dose of 500 mg., peak urine levels averaged 900 meg./ml. within the first 6 hours. 

Following rapid intravenous administration of single 0.5 Gm., 1 Gm., and 2 Gm. 
doses, peak serum levels of 35, 67 and 129 mcg./ml. respectively, were attained at 
5 minutes, declining to 6.7, 14.0 and 31.7 mcg./ml. respectively, at 30 minutes and 
0.27, 0.61 and 1.11- mcg./ml. respectively, at 3 hours. 

Seventy percent of the administered dose was recovered in the urine within 
6 hours. Repetitive intravenous administration of 1 Gm. doses over 6-hour periods 
produced serum levels between 4.5 and 5.5 mcg./ml. 

44 to 50% of Cefadyl is bound to human serum. The average serum half-life of 


* Cefadyl in patients with normal renal function is approximately 36 minutes. 


The major metabolite of cephapirin is desacetyl cephapirin which has been 


shown to contribute to antibacterial activity. 


Controlled studies in normal adult volunteers revealed that Cefadyl was well 
tolerated intramuscularly. In controlled studies of volunteers and of patients re- 
ceiving I.V. Cefadyl, the incidence of venous irritation was low. 

Microbiology—in vitro tests demonstrate that the action of cephalosporins 
results from inhibition of cell-wall synthesis. Cefadyl is active against the follow- 
ing organisms jn vitro: 

Beta-hemolytic streptococci and other streptococci. (Many strains of enterococci, 


_ @€.g., S. faecalis, are relatively resistant.) 


Staphylococci, including coagulase-positive, coagulase-negative, penicillinase 
and non-penicillinase producing strains. Diplococcus pneumoniae, Haemophilus 
influenzae, Proteus mirabilis, Escherichia coli, Klebsiella species. 

Most strains of enterobacter and indole-positive Proteus (P. vulgaris, P. mor- 
ganii, P. rettgeri) are resistant to Cefadyl. Methicillin-resistant staphylococci, 


. Patatia, Pseudomonas, Mima and Herellea species are almost uniformly resistant 
- to Cefa 


dyl. 
Disc Susceptibility Tests—Quantitative methods that require measurement of 


~- zone diameters give the most precise estimates of antibiotic susceptibility. One 


such procedure* has been recommended for use with discs for testing suscepti- 
bility to cephalosporin class antibiotics. Interpretations correlate diameters of the 
disc test with MIC values for Cefadyl. With this procedure, a report from the 
laboratory of ‘‘susceptible’’ indicates that the infecting organism is likely to 
respond to therapy. A report of “resistant” indicates that the infecting organism is 
not likely to respond to therapy. A report of ‘intermediate susceptibility’ suggests 
that the organism would be susceptible if high dosage is used, or if the infection 
is tha to tissues and fluids (e.g., urine), in which high antibiotic levels are 
attained. 

Indications. Cefadyl is indicated in the treatment of infections caused by sus- 
ceptible strains of the following microorganisms: 

Group A beta-hemolytic streptococci: Skin and soft tissue infections. Respira- 
tory infections. 

Wirilectable benzathine penicillin is considered to be the drug of choice in treat- 
ment and prevention of streptococcal infections, including the prophylaxis of rheu- 
matic fever. Cefadyl is effective in the eradication of streptococci from the naso- 
pharynx; however, data establishing the efficacy of Cefadyl in the subsequent 
prevention of rheumatic fever are not available at present.) 

Staphylococcus aureus (penicillinase producing and non-penicillinase produc- 
ing): Skin and soft tissue infections. Urinary tract infections. 

Diplococcus pneumoniae: Respiratory tract infections. 

Haemophilus infiuenzae: Respiratory tract infections. 

Escherichia coli: Urinary tract infections, skin and soft tissue infections and 
bacteremia. 

Klebsiella species: Urinary tract and respiratory tract infections. 

Proteus mirabilis: Urinary tract infections. : 

Note: Appropriate bacteriological studies should be performed to identify the 
Causative organisms and determine its susceptibility. Therapy may be started while 
awaiting results of these studies. 

Contraindications. Cefady! (sterile cephapirin sodium) is contraindicated in pa- 
tients with known allergy to the cephalosporin group of antibiotics. 

Warnings. IN PENICILLIN-ALLERGIC PATIENTS, CEPHALOSPORINS SHOULD 
BE USED WITH GREAT CAUTION. THERE IS CLINICAL AND LABORATORY EVI- 
DENCE OF PARTIAL CROSS-ALLERGENICITY OF THE PENICILLINS AND THE 
CEPHALOSPORINS, AND THERE ARE INSTANCES OF PATIENTS WHO HAVE 
HAD REACTIONS TO BOTH DRUGS (INCLUDING FATAL ANAPHYLAXIS AFTER 
PARENTERAL USE). 

Any patient who has demonstrated some form of allergy, particularly to drugs, 
should receive antibiotics cautiously and then only when absolutely necessary. No 
exceptions should be made with regard to Cefadyl. 

SERIOUS ANAPHYLACTOID REACTIONS REQUIRE IMMEDIATE EMERGENCY 
TREATMENT WITH EPINEPHRINE. OXYGEN, INTRAVENOUS STEROIDS, AND 
ES POA SNL eS EES CY MaRS io Di te Sa Rye ae ey At Re 
*Bauer, A.W., Kirby, W.M.M., Sherris, J.C., and Turck, M.: Antibiotic Testing by a 
Standardized Single Disc Method, Am. J. Clin. Pathol., 45:493, 1966. Standardized 
Disc Susceptibility Test, FEDERAL REGISTER 37:20527-29, 1972. 


AIRWAY MANAGEMENT, INCLUDING INTUBATION, SHOULD ALSO BE ADMINIS- 
TERED AS INDICATED. 

Usage in Pregnancy—Safety of this product for use during pregnancy has not 

been established. ; 
Precautions. The renal status of the patients should be determined prior to and 
during Cefadyl (sterile cephapirin sodium) therapy, since in patients with impaired 
renal function, a reduced dose may be appropriate (see Dosage, Adults). When 
Cefady! was given to patients with marked reduction in renal function and to renal 
transplant patients, no adverse effects were reported. 

Prolonged use of Cefady! may result in the overgrowth of nonsusceptible organ- 
isms. Careful observation of the patient is essential. If superinfection occurs dur- 
ing therapy, appropriate measures should be taken. 

Adverse Reactions. Hypersensitivity—Cephalosporins were reported to produce the 
following reactions: maculopapular rash, urticaria, reactions resembling serum- 
sickness, and anaphylaxis. Eosinophilia and drug fever have been observed to be 
associated with other allergic reactions. These reactions are most likely to occur 
in pene with a history of allergy, particularly to penicillin. 

lood—During large scale clinical trials, rare instances of neutropenia, leu- 
kopenia, anemia were reported. Some individuals, particularly those with azo- 
temia, have developed positive direct Coombs test during therapy with other 
cephalosporins. 

Liver—Elevations in SGPT or SGOT, alkaline phosphatase, and bilirubin have 
been reported. 

Kidney—Rises in BUN have been observed; their frequency increases in pa- 

tients over 50 years old. 
Dosage. Adu/ts—The usual dose is 500 mg. to 1 Gm. every 4 to 6 hours intramus- 
cularly or intravenously. The lower dose of 500 mg. is adequate for certain infec- 
tions, such as skin and soft tissue and most urinary tract infections. However, the 
higher dose is recommended for more serious infections. 

Very serious or life-threatening infections may require doses up to 12 Grams 
daily. The intravenous route is preferable when high doses are indicated. 

Depending upon the causative organism and the severity of infection, patients 
with reduced renal function (moderately severe oliguria or serum creatinine above 
5.0 mg./100 ml.) may be treated adequately with a lower dose, 7.5 to 15 mg./Kg. 
of cephapirin every 12 hours. Patients with severely reduced renal function and 
who are to be dialyzed should receive the same dose just prior to dialysis and 
every 12 hours thereafter. 

Children—The dosage is in accordance with age, weight and severity of infec- 
tion. The recommended total daily dose is 40 to 80 mg./Kg. (20 to 40 mg./Ib.) 
administered in four equally divided doses. 

The drug has not been extensively studied in infants: therefore, in the treatment 
of children under the age of three months the relative benefit/risk should be 
considered. 
py in beta-hemolytic streptococcal infections should continue for at least 

ays. 

Where indicated, surgical procedures should be performed in conjunction with 
antibiotic therapy. 

Administration. Cefadyl may be administered by the intramuscular or the intra- 
venous routes. 

Intramuscular Injection—The 1 Gm. vial should be reconstituted with 2 ml. of 
Sterile Water for Injection, U.S.P. Each 1.2 ml. contains 500 mg. of cephapirin. 
All injections should be deep in the muscle mass. 

Intravenous Injection—The intravenous route may be preferable for patients with 
bacteremia, septicemia, or other severe or life-threatening infections who may be 
poor risks because of lowered resistance resulting from such debilitating condiz 
tions as malnutrition, trauma, surgery, diabetes, heart failure, or malignancy, par- 
ticularly if shock is present or impending. If patient has impaired renal. function, 
a reduced dose may be indicated (see Dosage, Adults). In conditions such as 
septicemia, 6 to 8 Gm. per day may be given intravenously for several days at the 
beginning of therapy; then, depending on the clinical response and laboratory 
findings, the dosage may gradually be reduced. 

When the infection has been refractory to previous forms of treatment and multi- 
ple sites have been involved, daily doses up to 12 Gm. have been used. 

Intermittent Intravenous Injection—The contents of the 1 Gm. vial should be di- 
luted with 10 ml. or more of diluent and administered slowly over a 3 to 5 minute 
period or may be given with intravenous infusions. 

Intermittent Intravenous Infusion with Y-Tube—Intermittent intravenous infu- 
sion with a Y-type administration set can also be accomplished while bulk intrave- 
nous solutions are being infused. However, during infusion of the solution contain- 
ing Cefadyl (sterile cephapirin sodium), it is desirable to discontinue the other 
solution, When this technique is employed, careful attention should be paid to the 
probe: of the solution containing Cefadyl so that the calculated dose will be 
infused. 

Continuous Intravenous Infusion—After reconstitution, Cefady!l may be added to 
the solutions listed below under Stability. The choice of solution and volume 
should be dictated by the fluid and electrolyte management of the patient. 
Stability. Storage Stabi/ity—After reconstitution, Cefady! is stable for 12 hours at 
room temperature and 10 days under refrigeration when reconstituted with Sterile 
Water for Injection, U.S.P. The pH of the resultant solution ranges from 6.5 to 
8.5. During these storage conditions, no precipitation occurs. A change in solution 
color during this storage time does not affect the potency. 

Compatibility with the Infusion Solutions: Cefadyl is stable and compatible for 
24 hours at room temperature at concentrations between 2 mg./ml. and 30 mg./mli. 
in the following solutions: 

Sodium Chloride Injection, U.S.P., 5% W/V Dextrose in Water, U.S.P., Sodium 
Lactate Injection, U.S.P., 5% Dextrose in Normal Saline, U.S.P., 10% Invert Sugar 
in Normal Saline, 10% Invert Sugar in Water; 5% Dextrose +0.2% Sodium Chlo- 
ride Injection, U.S.P., Lactated Ringer's with 5% Dextrose, 5% Dextrose + 0.45% 
Sodium Chloride Injection, U.S.P., Ringer's Injection, U.S.P., Lactated Ringer's In- 
jection, U.S.P., 10% Dextrose Injection, U.S.P. 

Supply. Cefady! (sterile cephapirin sodium) for I.M. or I.V. injection. Cephapirin 
sodium equivalent to 1 Gm. cephapirin. NDC 0015-7628-1-Gm. vial. 
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Tkyroid Lymphography 


E. S. Sachdeva, MS, FACS, MAMS; G. C. Chowdhary, MS; 
© M. Bose, M3; Brij B. Gupta, MD, DMRD; J. D. Wig, MS 


Lymphograpny of the thyrəid gland performed percutaneously 
using iedized cil (Lipiodol) was used to study 40 patients with vari- 
aus thyroid disorders. The tecBnique showed, in the solitary thyroid 
nodule, a filling defect n welloutlined thyroid parenchyma; in thy- 
roid cyst, ascavity with a fluid evel; in multinodular goiter, multiple 
filling cefeets; in carcinoma, = ‘‘patchy-wool” appearance. Cervical 
l-mpheodss were visualized ir 70% and mediastinal lymph nodes in 
W% cfthe patients. The overall accuracy rate was 90%; in solitary 
module, it was 77%. No comp ications were encountered. 


hyroid |ymphegraphy is a new method to outline 
tae thyveid parenchyma. The thyroid gland contains 
numesous incraglandular ymphatics arranged in a mesh- 
work arounc the individual thyroid lobules. These lym- 
phaties are cne of the patnways for the discharge of thy- 
mid s=creticns and are moortant routes of spread in 
thyroid carcmoma.'* There are striking differences in the 
thyroid lymphatics in diferent disorders of the thyroid 
gland. 

Thewbject ef the presert study was to evaluate the role 
cf thy~oid lymphography n assessing the physical status 
af the thyre.d gland in various disorders, the functional 
Statusaof the gland, the ut lity of thyroid lymphography in 
qutlinmg the regional lymph nodes, and its efficacy as a 
routine diagnostic procedare. 


Materials and Methods 


Forte patients with different disorders of the thyroid gland 
were sudied. 

The »rocedure was carried »ut under local anesthesia in the De- 
partment of Radiology. The patient was placed in the supine posi- 
ton with the shoulders elevated on a pillow and the neck ex- 
tended The thyroid isthmus was palpated and welts were raised 
cn the kin-wi-h 1% lidocaine aydrochloride; a needle was then in- 
troduced obliquely 2 te 3 em into one lobe of the thyroid gland. 
Gonfirrmation ef the position of the needle was provided by the 
movement of the needle tip wth the thyroid on swallowing and by 


_ failure to aspirate blood into -he syringe. Then 1.5 to 2.0 ml of io- 


zed od was injected into the gland parenchyma over a period of 
taree minutes In cases of enlarged thyroid, the injection was 
made ia thyroid parenehyma avoiding large nodules. The needle 
was then withdrawn and the procedure repeated on the other side. 
Afte removal of the needle, local pressure was applied to each 
iajection site for a few minu:es. 
Anteropesterior and latera. reentgenograms of the neck were 
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taken 15 minutes, 24 hours, and 48 hours after the injection of the 
dye. 

All the patients were operated on and histopathological exami- 
nations were carried out. Clinical, operative, and histological find- 
ings were correlated with lymphographic findings. 


Observations 


Forty patients were studied, 12 males and 28 females. 
Their ages ranged from 14 to 60 years, with the maximum 
number of cases in the third decade. The duration of the 
swelling ranged from 15 days to 30 years. A characteristic 
lymphogram was obtained in each case. 

Solitary Thyroid Nodule.—There were 14 patients with a 
clinical diagnosis of solitary nodule. Lymphographic diag- 
nosis of solitary nodular goiter was made in four cases, 
multinodular goiter in seven, and thyroid cyst in three. 

A solitary filling defect (Fig 1) was seen in a well-out- 
lined thyroid lobe on lymphography in a solitary nodule, 
while multiple filling defects (Fig 2) were seen on lym- 
phography, a finding that was confirmed by subsequent 
operation and histological findings; in the case of a cyst 
there was pooling of dye with a fluid level (Fig 3). 

The clinical accuracy rate was 38%. There was good cor- 
relation between operative and lymphographic findings in 
ten cases (77%). In one case the lymphography diagnosis 
was multinodular goiter, whereas at operation only one 
nodule was found. In two cases the diagnosis of cyst was 
made, but at operation they were found to be solitary nod- 
ules. This was later confirmed by histopathology. 

Multinodular Goiter.—In these patients, numerous fill- 
ing defects were seen (Fig 4) within the opacified thyroid 
parenchyma. Out of nine patients operated on, the lym- 
phographic diagnosis was correct in eight cases (83%); one 
case was diagnosed as carcinoma on lymphography but 
was found to be multinodular goiter at operation and on 
histopathology. 

The extent of retrosternal goiter was well demon- 
strated by this technique (Fig 5). 

Hyperthyroidism.—The gland was diffusely opacified in 
all patients with secondary thyrotoxicosis. Opacification of 
the gland was seen within 15 minutes, and there was a 
rapid clearance of the contrast from the thyroid; in two 
patients, one with primary thyrotoxicosis and one with 
secondary thyrotoxicosis, there was technical failure. 
Thus, lymphography in secondary thyrotoxicosis has 
helped us to visualize the morphological nature of the thy- 
roid, solitary nodule in one and multinodular in two, but 
has not helped in ascertaining the functional status of the 
thyroid gland (Fig 6). 

Carcinoma.—There were six cases of carcinoma in the 
present study. In five cases, the lymphographic diagnosis 
of carcinoma was made on the basis of the “patchy-wool” 
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appearance of the dye in the thyroid parenchyma with 
poor clearance. Lymph nodes were visualized in all the 
five cases, but they did not reveal any change in archi- 
tecture (Fig 7). 

Hypothyroidism.—There were four patients with hypo- 
thyroidism. The thyroid gland was small, with a homo- 
geneous or fine, lace-like pattern and there was poor clear- 
ance of the dye. The lymphography accuracy was nearly 
100% (Fig 8). 

The overall accuracy rate was 90%, while the clinical ac- 
curacy rate was 70%. This is particularly useful in solitary 
nodules where clinical accuracy was 38%, while lym- 
phographic accuracy was 77%. 

No complications were encountered in the present 
study. 








Fig 2.—Multiple filling defects in clinically diagnosed Fig 3.—Thyroid cyst; pooling of dye with fluid level. 


solitary nodule. 


Fig 4.—Multinodular goiter; multiple filling defects. 
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Fig 5.—Retrosternal extension of goiter. 
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Fig 6.—Diffuse opacificatim of gland in 
-hyrotoxicesis. 


cinoma thyroid. 


Comment 


Thyrcid lymphography is a new and simple technique 
“or visualizing the s=hyrom gland, lymphatic architecture, 
and cervical lymph nodes, and has been applied in the 
liagnosis of pathological conditions of the thyroid gland 
such as selitary nodule, maltinodular goiter, hyperthyroid- 
sm, carcinoma, and hypcethyroidism. 

Differentiation o? solitary thyroid nodule from multi- 
iodular goiter is a recumrent clinical problem. The inci- 
lence o? diagnostic error varies from 31.5% to 67% as re- 
sorted im literature.** In the present study the incidence 
ef multinodular goiter was 46%. Reliable methods are still 
10t available to confirm tae correct diagnosis prior to sur- 
very. The lymphographic accuracy rate in this series was 
"7%, which compares favorably with that reported by 
Seales et al.’ 

The lymphography accuracy rate in multinodular goiter 
was 88%, which is in corroboration with the findings of 
“latoba and Kikuchi’ anc Beales et al.° 

Differentiated carcinoma of the thyroid gland is usually 
_pread by lymphatics.” Characteristic “patchy-wool” ap- 
searance seen in patients with thyroid carcinoma may be 
lue to blockage of lymphatics by malignant disease. 

Cervieal lymph nodes were visualized in 28 cases (70%) 
while mediastinal lymph nodes were visualized in only 
our cases (10%). Visualization of lymph nodes by thyroid 
ymphography has deen reported by Richardson,' Sterns 
-t al‘ Matoba and Kikwhi, and Beales et al.’ Lymph 
aodes, though visualized in patients with thyroid carci- 
aoma, were not indicative of secondary deposits even 
-hough elinically they felt hard and, on histological exami- 
aation, revealed metastatic deposits. 

‘The failure rate in the present series was 5%. No compli- 
«ations were encountered 
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Fig 7.—‘‘Patchy-wool”’ 


Fig 8.—Small gland and homegeneous ap- 
pearance in hypothyroidism. 
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Editorial Comment 


The thyroid gland, when exposed surgically, may have its lym- 
phatics studied by injections of small volumes of dilute patent 
blue violet. Early attempts at closed delineation of thyroid lym- 
phatics by subcutaneous injection of water-soluble contrast mate- 
rials into the gland were unsuccessful through rapid diffusion and 
absorption of contrast medium. The cervical lymph nedes may be 
studied by injection of lymph vessels near the mastoid process, 
but this involves difficult microdissection and does not show the 
thyroid itself. 

Matoba and Kikuchi described a method of injecting iodized oil 
directly into the thyroid gland in 1969. This delineates the gland 
and its nodules by spreading in the periacinal spaces and lymphat- 
ics. Much of the intraglandular spread might be described as a 
histogram rather than a true lymphogram. It is like the peri- 
venous and perilymphatic extravasations sometimes seen in limb 
lymphography. From these intrathyroid channels, the external 
thyroid lymphatics are filled and, thence, the nodes. Beales et al 
added data from 19 patients to the 40 reported by Matoba. Now 
Sachdeva et al report results in a further 40 patients. 

The method is shown to be extremely safe and trouble-free. It 
often adds considerably to knowledge gained by routine clinical 
examination and is safe and less complicated than isotope exami- 
nation. Nodular goiters and their anatomy, particularly their ret- 
rosternal extent, may be studied. There is little physiological in- 
formation gained, and so far the node studies have been 
unrewarding. As a clinical pathological test of anatomic changes, 
it will offer useful information in many cases, particularly now 
that its safety has been confirmed. 

JOHN B. KINMONTH, MD 
London 
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Dissecting Aneurysm 


After Aortic Valve Replacement 


Wayne Derkac, MD; Hillel Laks, MD; Lawrence H. Cohn, MD; 
John J. Collins, Jr., MD 


Dissecting aneurysm has been observed as a late complication of 
aortic valve replacement in three patients. The frequency of this po- 
tentially catastrophic problem is reviewed as well as the predisposing 
hemodynamic factors. The use of central flow valves in patients with 
cystic medial necrosis, elective ascending aortic replacement or rein- 
forcement, and control of hypertension may help to prevent late dis- 
section. 


|S erie aneurysm of the aorta has been uncommon 
after aortic valve replacement despite the fact that 
cystic medial necrosis may be associated with aortic valvu- 
lar disease and turbulence distal to valvular stenosis may 
predispose to degenerative changes in the aortic media.'® 
We have encountered two patients with this late catas- 
trophe among 150 who have undergone aortic valve re- 
placement during the past three years at the Peter Bent 
Brigham Hospital and have seen an additional case six 
years after valve replacement. Consideration of these 
cases and review of the pertinent literature suggests that 
a group of patients at risk for dissecting aneurysm after 
aortic valve replacement may be identified and measures 
taken for prevention of this late complication. 


Report of Cases 


CASE 1.—A 51-year-old white man was admitted to the Peter 
Bent Brigham Hospital on Aug 18, 1971 after two to three months 
of progressive dyspnea and orthopnea for which he had been 
treated with digitalis and diuretics. There had been no syncope or 
substantial chest discomfort. There was no history of rheumatic 
fever, although a murmur had first been heard 28 years previously 
after an attack of scarlet fever. Blood pressure was 140/80 mm 
Hg; pulse, 80 beats per minute; respiration, 16; temperature, 37 C 
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(98.6 F). On physical examination, there was a grade 4/6 systolic 
ejection murmur radiating to the neck from the entire pre- 
cordium, and a grade 1/6 diastolic decrescendo murmur to the left 
of the sternum. Peripheral pulses were equal and of normal ampli- 
tude bilaterally. Results of the remainder of the physical exami- 
nation were not remarkable. The electrocardiogram showed nor- 
mal sinus rhythm, left ventricular hypertrophy, and ST-T changes 
consistent with left ventricular strain. The chest roentgenogram 
showed dilation of the ascending aorta and calcification of the aor- 
tic valve. Cardiac catheterization showed severe aortic stenosis 
with a 60-mm peak gradient and a calculated orifice of 0.6 cm. 
There was mild aortic regurgitation and considerable dilation of 
the ascending aorta. Coronary arteries were normal. Aortic valve 
replacement was performed on Sept 1, 1971 with a No. 11 Starr- 
Edwards silicone elastomer poppet prosthesis. Poststenotic dila- 
tion of the ascending aorta was noted, but aortic resection was not 
performed. The course after surgery was smooth, and he contin- 
ued to do well for 15 months, until December 1972, when exer- 
tional dyspnea increased and he developed a cough without chest 
pain. A chest roentgenogram showed a greatly enlarged mediasti- 
num, and he was again hospitalized. Blood pressure was 105/60 
mm Hg in both arms; pulse, 100 beats per minute; respiration 18. 
Bibasilar rales were heard, and there was a grade 4/6 ejection sys- 
tolic murmur at the aortic area with clear and sharp prosthetic 
valve sounds. An §, gallop was present. No diastolic murmur was 
heard. Peripheral pulses were equal and strong bilaterally. A tho- 
racic aortogram showed a dissecting aneurysm of the ascending 
aorta extending to the aortic arch. Operation was performed for 
repair of the aneurysm, which was densely adherent to the under- 
surface of the sternum. Complete disruption of the intima of the 
aorta was found above the coronary ostia, but the prosthetic valve 
was intact with no evidence of perivalvular insufficiency. The false 
aneurysm extended posterolaterally on the right side of the heart 
to virtually cover the upper portion of both the right and left 
atria. It was impossible to discover and utilize sufficient aortic tis- 
sue at the aortic base to reconstruct the ascending aorta. After 
multiple attempts to reconstruct the aorta with Tefion cloth, it be- 
came evident that no progress was being made and the patient 
died on the operating table. At autopsy, the dissection extended 
from the aortic origin to the left subclavian artery. The aorta was 
involved by idiopathic cystic medial necrosis with both old and re- 
cent dissection discernible. 
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CASE 2.—A 75-year-old whe woman was transferred to the Pe- 
-er Bent Brigham Hospital en July 6, 1972 for evaluation of epi- 
_ -odic nocturnal pulmonary ecema. Blood pressure was 130/50 mm 
ig; pulse, 70 beats per minute; respiration, 14. There were bilat- 
aral earotid bruits. Lungs were clear. A grade 2/6 blowing dia- 

tolicmurmu was heard along the left sternal border and a grade 
-/6 systolic ejection murmur at the left sternal border radiating 
0 the neck with a thrill. S, was normal, S, paradoxically split, and 
' -n S, and an S, gallop were pzesent. An electrocardiogram showed 
arst-degree atrioventricular dlock with left bundle branch block. 
| Angiegrams showed a massively dilated ascending aorta with se- 


~ “ere aortic regurgitation. Puimonary artery pressure was 17 mm 


ig. A Hintontest was nonrexctive. On J uly 25, 1972, replacement 
ef the aortic valve with a Ne 10 Starr-Edwards ball valve pros- 
fesis was performed. The aortic valve was calcified with rolled 
elges.and the aortic ring was dilated secondary to an ascending 
enrticaneurysm. The ascendiag aorta was replaced with a Dacron 
graft.Patholegic examinatior showed focal calcification, degener- 
ation and fibrosis of the aortie valve, and idiopathic cystic medial 
mecrosis of the aorta with intimal fibrosis and mild chronic inflam- 
mation of the adventitia. She was discharged on the 11th postop- 
eativeday on a regimen of dwoxin, furosemide (Lasix), and war- 
farin sedium (Coumadin) daily. She did well until February 1973, 
“hen she was readmitted wita a ten-day history of severe, knife- 
le, imterscapular pain. Blood-pressure was 200/110 mm Hg in the 
mght and left arms; pulses were equal bilaterally at the groins and 
_ ankles. The chest was clear and cardiac examination showed a left 
ventricular heave, gooc quali-y valve sounds, grand 3/6 systolic 
esection murmur maximal at the second right intercostal space. 
Tere was no diastolic murmer, rub, or gallop. A chest roentgen- 
o=ram showed a large ascending arch and distal thoracic aorta. 
Am aortogram revealed marked dilation of the ascending aorta 
asove the graft to the level ef the innominate artery with dis- 
Secting aneurysm of the deending thoracic aorta, extending 
from the left subclaviar. arter> to the level of the diaphragm. Be- 
cause her clintcal status was stable, she was treated with pro- 
p=anolel hydrechloride and cHlorothiazide diuretics to maintain 
ssstolie blood pressure at 90 to110 mm Hg and was discharged af- 
ter three weeks. On March 26, 1973, she was readmitted after ten 
d=ys of back pain radiating tothe epigastrium. Pulses were equal 
and there was no diastolic murmur. A chest roentgenogram 
slowed increased size of the cescending thoracic aorta. Replace- 
ment of the descending thorace aorta from the origin of the left 
stclavian artery to the eighthedorsal vertebra with a 38:mm Dac- 
ra graft was performed. Pachologic examination showed idio- 
pethic cystie medial necrosis cf the aorta with recent dissecting 
ar=urysm. Pro onged assisted ventilation was required, but she 
gradually impreved and was discharged in early June 1973. 
JASE 3.—A 58-year-old white man was admitted to the Peter 
Bent Brigham Hospital on Now 11, 1973 with epigastric pain. In 
Nevember 1967 he had undergone aortic valve replacement for 
ac-tic regurgitation and aorti= stenosis of presumed rheumatic 
caase. At operation, there was very substantial dilation of the de- 
sending aorta A No. 13 Stavr-Edwards valve prosthesis was 
used. The aortie valve specimea showed fibrous calcification, vas- 
cuarization, and chronic inflammation. Aortic biopsy was not sub- 
meted. He did well with return to functional class 2 until one 
wek prior to admission, when Le developed sharp epigastric pain, 
pagitation, and shortness of breath. Blood pressure was 110/70 
mm Hg; pulse, 80 beats per mmute and regular; respiration, 16; 
temperature, 37-2 C (99 F). There were signs of aortic regurgita- 
tioa with bounding pulses and visible carotid pulsations. Jugular 
venous pulsations were visible ¿t 80°. There was a palpable thrill 
over the precordium. A grade 36 systolic ejection murmur radiat- 
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ing to the neck and a grade 2/6 diastolic blowing murmur at the 
upper right sternal border were heard. The liver was enlarged and 
pulsatile. An electrocardiogram showed right bundle branch block, 
first-degree arteriovenous block, and left atrial hypertrophy. A 
chest roentgenogram showed gross enlargement of the border of 
the right side of the heart. An aortogram showed aneurysmal dila- 
tion of the ascending aorta, with a fistula between the aortic root 
and right atrium. On Nov 15, 1973, the patient underwent oper- 
ation. A large aneurysm of the ascending aorta was found with a 
transverse tear of the aortic intima. There was rupture of the an- 
eurysm into the right atrium at the center of this laceration. The 
ascending aorta was replaced by a prosthetic graft. The aortic 
prosthesis, which was competent, was left in place, and the open- 
ing in the right atrium closed. At the completion of the procedure, 
the patient could not be taken off cardiopulmonary bypass due to 
right ventricular failure and died on the table. Pathological exam- 
ination of the aorta revealed patchy areas of myxomatous degen- 
eration of the aorta. 


Comment 


If judgment is to be made on the basis of published re- 
ports of long-term results after aortic valve replacement, 
the occurrence of dissecting aneurysm is unusual but not 
rare. Duvoisin and McGoon' reported two cases of dis- 
secting aneurysms in 517 operative survivors of aortic 
valve replacement with ball valve prostheses observed up 
to five years. Bloodwell et al? reported three cases of dis- 
secting aneurysms causing late death among 142 late fail- 
ures in 946 patients. Favaloro’? cites two of 47 late deaths 
among 100 aortic valve replacements as due to dissecting 
aneurysm of the ascending aorta. Both of these patients 
had repair of an ascending aortic aneurysm associated 
with cystic medial necrosis at the time of aortic valve re- 
placement. Black et al,* in a discussion of vascular injury 
after heart valve replacement, reported seven cases of dis- 
secting aneurysm originating in the ascending aorta 
among more than 1,000 patients. Five of these were re- 
lated to instrumentation at the time of operation, one was 
associated with idiopathic medial aortopathy, and one had 
no established cause. 

The association of idiopathic cystic medial necrosis with 
dissecting aneurysm of the aorta is well known. Several 
investigators™® have suggested an association between 
aortic valvular disease, particularly aortic stenosis, and 
idiopathic cystic medial necrosis of the ascending aorta. 
Hemodynamic stress distal to the stenotic aortic valve 
was considered instrumental in bringing about the de- 
generative changes in the ascending aorta characteristic 
of idiopathic cystic medial necrosis. 

The association of aortic stenosis and aneurysmal dila- 
tion of the aorta has been well described.° Holman" dis- 
cussed the hemodynamic factors involved in the develop- 
ment of poststenotic dilation and aneurysm formation. 
The mass of fluid ejected through a constriction under 
high velocity strikes against a more slowly moving mass 
of fluid, resulting in the conversion of high kinetic energy 
into high potential energy or lateral pressure. Also there 
is lateral reflection of the rapid stream resulting im turbu- 
lence. A third factor is the Bernoulli effect, whereby an in- 
crease in diameter will be accompanied by a decrease in 
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the velocity of the fluid stream and an increase in pres- 
sure. These factors induce structural fatigue with damage 
to the elastica and consequent dilation. As dilation pro- 
ceeds to aneurysm formation, the Laplace calculations ex- 
plain the tendency toward further dilation. Robicsek’? 
tested the Bernoulli principle in patients with aneurysm 
of the abdominal aorta and concluded that the principle 
could not be applied to non-Newtonian fluids. DeVries and 
Van Den Berg" reached the same conclusion in animal 
studies, and concluded that turbulence was the major fac- 
tor in the development of poststenotic dilation. 

In the cases reported here, dissecting aneurysm of the 
aorta and rupture of the aorta were late complications of 
aortic valve replacement with a ball valve prosthesis. Idio- 
pathic cystic medial necrosis of the aorta was present in 
two cases, and myxomatous degeneration of the aorta in 
the third. Poststenotic dilation of the ascending aorta was 
present at the time of aortic valve replacement in one case 
and aneurysm of the ascending aorta was seen in the 
other two at initial surgery. Subsequently, dissecting an- 
eurysm occurred 15 months later in the ascending aorta in 
one case, seven months later in the descending thoracic 
aorta in the other, and six years later in the third. It 
would seem unlikely that there was any specific relation- 
ship between the type of prosthetic valve employed in the 
second case and the later development of dissection in the 
descending aorta. In this case, however, the ascending 
aorta was probably protected against initiation of dis- 
section by the cloth interposition graft in the ascending 
aorta and hypertension may well have provided the wall 
stress responsible for the intimal tear that occurred dis- 
tally. 

The patients who developed dissection and rupture in 
the ascending aorta may possibly have been better served 
by the employment of a central flow valve with less turbu- 
lence and less lateral aortic wall stress than with the ball 
valve prosthesis. Better, perhaps, would have been initial 
replacement of the ascending aorta with a cloth graft. In 
these cases, cystic medial necrosis was not specifically sus- 
pected and the aorta, although dilated, did not appear 
threatened by dissolution as eventually occurred. Whether 
external wrapping of the aorta with cloth provides any 
substantial protection against subsequent dilation is un- 
certain. 

It has become our practice to utilize central flow valves, 
prosthetic or mounted tissue, in all patients with dilated 
proximal aortae whether the valvular lesion is stenosis or 
insufficiency. Biopsy specimens of aortic wall are obtained 
for permanent section, and frozen section analysis has 
been utilized in selected cases. At this point, we are not 
prepared to comment on the usefulness of frozen section 
studies of aortic biopsies. The nonuniform distribution of 
lesions in cystic medial necrosis, particularly in cases 
where grossly discernible aortic widening has not already 
occurred, may be a limiting factor. 


Nonproprietary Name and 
Trademark of Drug 


Propranolol hydrochloride—Jnderal. 
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Editorial Comment 


The cardiac surgical group from the Peter Bent Brigham Hospi- 
tal appropriately calls attention to the problem of ascending aortic 
aneurysm and acute aortic dissections after aortic valve replace- 
ment. Elective resection of the dilated ascending aorta should 
probably be carried out in patients undergoing prosthetic valve 
replacement. This is particularly true in cases where some kind of 
ball valve is utilized or where mediocystic disease is suspected. 
Progression of poststenotic dilation to actual aneurysmal forma- 
tion is well known and can be anticipated if the patient survives a 
sufficient period of time. Even when mounted heterograft valves 
are used for aortic valve replacement, some consideration should 
be given to resection of the dilated ascending aorta if the patient 
has hypertension. Insertion of the mounted heterograft in a size 
large enough to create no gradient may require at least enlarge- 
ment of the aortic root by means of a preclotted section of a 
woven Dacron tubular graft. Woven graft material for ascending 
aortic augmentation or replacement is certainly as satisfactory as 
knitted materials, but even the woven grafts should be preclotted. 
Ascending aortic resection of the poststenotic aorta can usually be 
anticipated from plain x-ray films of the chest or from the angio- 
gram. Femoral artery cannulation expedites implantation of the 
graft, and the duration of elective hypothermic anoxic arrest is 
prolonged no more than 15 to 20 minutes beyond that which would 
be necessary for aortic valve replacement alone. 

Late complications, such as those described by the authors, now 
require consideration and solution, and vast numbers of patients 
having had aortic valve replacement with ball valve prostheses 
should be periodically surveyed for aneurysmal changes of the as- 
cending aorta. 

In cases such as the first described by the authors, the graft 
may be sutured directly to the upholstery of the prosthesis, and 
saphenous vein grafts are used to restore the coronary artery cir- 
culation. Vein grafts are easily implanted proximally into the 
woven Dacron tube. 

NORMAN E. SHUMWAY, MD 
Stanford, Calif 
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Fibrous Tumor of the Breast 


Jose L. Puente, MD, Joaquin Fotel, MD 


Seventeenceses of fibrous tumor of the breast are reported in per- 
sons betweer 23 and 55 years of age, 16 women and one man. Mam- 
mography wes not diagnostic. It is a localized proliferation of the in- 
terlobular and perilobular connective tissue with hypoplasia of the 
mammary ducts and lobules. It is the rarest of the benign tumors of 
the breast. Local excision was done in all cases and no recurrences 
thave-been observed. Ir one breast, a fibrous tumor was found at an- 
other area ata later date. 


surgeen-pataologist who first identified mammary 
fibrosis as a definite clinical entity was Haagensen in 
195€ He described it in a chapter entitled “Fibrous Dis- 
ease of the Breast.” This first description was based on the 
study of 38 patients witk the lesion. In the second edition 
of his book. ifteen years later, he expanded the chapter, 
confirming his original description of the disease and re- 
porting his 2xperience with 119 patients whom he had 
seer in the course of 28 years. 

Our first cases of mammary fibrosis had remained filed 
away under the rather vague category of “chronic mastop- 
athy” until. with our enlarging experience with breast dis- 
ease, we rea ized that they were clearly examples of the 
lesien descrised by Haagensen. This is why, nearly 20 
years aftereacountering our first case of mammary fibro- 
sis, it seems appropriate to publish our experience with 
this lesion. 

We prefer using the name fibrous tumor instead of fi- 
brows disease because waat the patient and the surgeon 
first detect is a true tumor of the breast. And the reason 
that-induces zhe surgeon to perform a biopsy of the tumor 
is that he dees not know its nature. Moreover, the physical 
sharacteriscies of fibrous tumor of the breast are so sim- 
ilar to carcmoma that even with the extirpated specimen 
in hes hand tae inexperienced surgeon may be in doubt as 
to the true nature cf the lesion. This is also true of the pa- 
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thologist with limited experience with lesions of the mam- 
mary gland. 

Fibrous tumor is a localized proliferation of the inter- 
lobular and perilobular connective tissue, with hypoplasia 
of the mammary ducts and lobules. It forms a firm, discoid 
tumor that is fixed in the surrounding breast tissue and 
raises the suspicion of carcinoma until the histological 
preparations make clear its true structure. 


Frequency 


Since 1953, when we diagnosed our first case, we have 
operated on a total of 17 patients with fibrous tumor of 
the breast. Undoubtedly it is the least frequent type of be- 
nign tumor in all of breast diseases. As a curiosity it 
should be pointed out that one of our 17 examples of the 
disease occurred in a 45-year-old man. The mean age of 
the female patients was 36 years, the youngest one being 
23, and the oldest one, 55. We have never found fibrous tu- 
mor after the menopause. . 


Cause 


We do not have any plausible explanation for the phe- 
nomenon of the proliferation of the connective tissue of 
the breast in such a localized and specific manner, the rest 
of the gland conserving its normal structure. The data 
that we have accumulated among our patients may be 
summarized as follows: 

(1) The age of the female patients places them in com- 


plete ovarian hormonal activity; but it should be pointed - 


out that we have also found mammary fibrosis m a man. 

(2) The majority of the breasts affected with fibrosis 
were large; in one patient the breasts were very large. 

(3) In our series of patients the proportion of single and 
married women, the number of children, and lactation 
were normal. 

(4) The localization of fibrous tumor was predominantly 
in the upper outer quadrant of the breast, which is the 
quadrant with the greatest amount of glandular tissue. 

(5) The duration of the tumor varied widely from only a 
few days to two years. 

(6) The lesion did not recur in any of our patients. 
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As Haagensen points out, it appears that there is a se- 
lective hormonal stimulus affecting the fibroelastic ele- 
ments of the breast that does not act on the mammary 
epithelium. The excessive hyaline connective tissue prolif- 
eration obscures the parenchymal elements. 


Clinical Features 


Almost always, this lesion develops in a relatively 
young woman who has voluminous breasts. Usually the 
patient discovers her tumor accidentally. Sometimes she 
delays one or two years before coming for a consultation; 
at other times she comes in after a few days. 

On palpation the tumor is perceived as a hard disk of 
variable size. It is between 2 and 5 cm in diameter, never 
larger. The first impression is that of a cancer. The lesion 
is not very well limited, it appears as if submerged in the 
midst of glandular tissue, but it is clearly a dominant tu- 
mor. It is not movable within the surrounding breast tis- 
sue. It is not smooth or spherical as a cyst or an adenofi- 
broma, and on gentle palpation it is finely nodular. The 
skin that covers it does not show any retraction, nor can 
retraction be demonstrated by any of the maneuvers used 
to induce it. The absence of retraction, which is perhaps 
the most characteristic sign of breast carcinoma, is the 
most distinctive feature of fibrous tumor. In the axilla 
there are no palpable lymph nodes. 

Occasionally fibrous disease may be confused with a 
deep mammary cyst. When aspiration is attempted, the 
needle encounters great resistance and no fluid is ob- 
tained. Biopsy is, of course, necessary in such cases. 


Mammography 


When the mammograms are of good quality, fibrous tu- 
mor appears as density, which coincides with the palpable 
tumor. Its borders may be irregular in one part of its pe- 
rimeter and well limited in another part. The interior of 
the lesion is uniformly dense and stands out clearly from 
the fine trabecular structure of the surrounding breast. No 
calcifications are seen. Mammograms are not definitive 
and leave doubts in the surgeon’s mind as to the possi- 
bility of the lesion being a cancer. Figure 1 shows a mam- 
mogram of this lesion. 


Macroscopic Pathology 


It is the surgeon who extirpates a fibrous tumor who 
first has the opportunity of studying it while it is still situ- 
ated within the breast and, therefore, of learning about 
its gross structure. The pathologist, who does not come to 
the operating room, lacks this opportunity and, as a result, 
is at a disadvantage in making a macroscopic diagnosis. 

Fibrous Tumor.—It is a lesion that is better palpated 
than seen. It is not encapsulated as a cyst or adenofi- 
broma; it appears rather submerged in the midst of the 
breast tissue surrounding it. Notwithstanding, its limits 
can be defined with assurance because it feels hard on di- 
rect palpation and this hardness differentiates it well 
from the surrounding breast tissue. But it is not so well 
delimited that it can be shelled out. We would like to point 
out in this respect that biopsies of mammary tissue ought 
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to be performed with an extremely sharp scalpel and 
never with scissors. In the breast there are no anatomic 
planes, and sharp dissection is necessary. The breast is of 
uniform compact texture, which should be operated on ex- 
tremely slowly and with careful hemostasia, so as to be 
able to see the structure of the glandular tissue at every 
moment. 

Once the discoid fibrous tumor is extirpated, its hard- 
ness should be determined by pressing it between the fin- 
gers. Its hardness is that of solid rubber, uniform and 
elastic. The size of the tumor is never larger than 5 or 6 
cm. The surgeon should make a longitudinal cut into it to 
see its interior. The cut surface is uniform, smooth, and 
very white. We believe that the white color shows up so 
well that it can be used to identify fibrous tumor. Some fat 
lobules may surround the tumor and may be seen within 
it. The cut surface is smooth and soft, so that when pass- 
ing a finger over it the rugosities or harshness presented 
by cancers cannot be felt. The macroscopic aspect is so 
characteristic that the surgeon experienced in breast pa- 
thology can make the diagnosis without much difficulty in 
the majority of cases. Figure 2 shows a characteristic fi- 
brous tumor. 


Microscopic Pathology 


It is characterized by the abundant proliferation of con- 
nective tissue, sparsely cellular, and the atrophy or even 
absence of lobular epithelial elements. The lobules are 
greatly reduced in number, so much so that in some micro- 
scopic fields none are seen. In those that remain, the num- 
ber of acini is greatly diminished. Even in some very 
young women in whom one might expect to see normal 
mammary lobules, none can be found. There are hardly 
any capillaries. Nerves appear to be absent, even though 
we have tried repeatedly to find them with special stains: 
Gros and del Rio Hortega. Collagen is abundant, occasion- 
ally predominating over the fibrillar elements. There are 
no signs of chronic inflammation and, for this reason, the 
name “chronic indurative mastitis” proposed by Stewart 
does not seem appropriate. Figure 3 shows a typical area 
of fibrous disease. Ducts and a few small gland fields are 
seen. Figure 4 shows an area of dense collagenous stroma 
without any epithelial elements. 

In spite of all these distinctive features, fibrous tumor is 
confused with two other lesions: cystic disease and ade- 
nosis. 

Differential Diagnosis With Cysts.—-There are no diffi- 
culties with the diagnosis of cysts of large size, but the 
differential diagnosis of fibrous disease and microcysts is 
more complex. Microcysts, which are seen in the great ma- 
jority of breasts of premenopausal women, result from the 
dilation of small ducts. The periductal and pericystic con- 
nective tissue is always scarce and never attains the di- 
mensions that are to be seen in mammary fibrosis. How- 
ever, microcysts are often accompanied by a variety of 
proliferative phenomena: papillary hyperplasia of the duct 
epithelium, apocrine metaplasia of the duct epithelium, 
and adenosis. All this gives rise to images so motley and 
variable that the pathologists use a confusing termi- 
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Fig 1.—Mammogram show ng area of increased density produced 
by fibrous tumor. 





Fig 3.—Micsoscopical character of fibrous tumor. Only a few small 
sland fields are seen in dense f brous stroma. 


nology. For example, we reproduce the terms taken from 
some of our protocols: cystic fibroadenosis, acinous fibro- 
adenosis, sclerosing mastopathy, fibrosing mastopathy, 
aonspecific chronic mestitis, fibrocystic mastopathy, 
juctal eystx adenosis, chronic cystic mastitis, and so on. 
Most of the time the pathologist is entirely ignorant of 
she clinical indings and, herefore, he limits himself to de- 
scribing wizat he sees in a small fragment of tissue. He 
srovides a lescript:ve name, but not a true diagnosis. 

Haagenser divides cystic disease of the breast into two 
forms: gross cystic disease and microscopic cystic disease. 
In no instances of mammary fibrosis in our female pa- 
cients have we seen either of these forms of cystic disease. 
Because of this fact, confusion with the cystic disease 
should net ‘eke place. 
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Fig 4.—Dense fibrous stroma of fibrous tumor. 


Differential Diagnosis With Adenosis.—Adenosis is a be- 
nign proliferation of the epithelium of the mammary lob- 
ule. It may form a dominant tumor, with a brownish, 
finely nodular cut surface. Adenosis is not likely to be con- 
fused with fibrous tumor because in its florid or early 
stage it appears as a very active proliferation of lobular 
epithelium, while in its later, or fibrosing stage, when the 
proliferating lobular epithelium has been distorted by fi- 
brosis, a great deal of epithelial proliferation is still evi- 
dent. In contrast, there is marked atrophy of the lobular 
epithelium in fibrous tumor. 

A final commentary is necessary about localized ade- 
nosis. It is surprising to find such a scarce num Der of pub- 
lications about this curious lesion, although Haagensen 
has recently written about it. This diagnosis is rarely 
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made by our Spanish pathologists. There is no doubt that 
some of the lesions diagnosed histologically as cancer of 
the breast are adenosis. 


Follow-Up 


Two of our patients have been observed for 20 years, 
one for 15 years, six for more than five years, four for 
more than three years, and four others for a shorter time. 

In one case we had to operate again one year after the 
original intervention because a new area of fibrosis had 
formed and had to be extirpated, but at the present the 
patient is healthy. 

In the others, the lesion has not recurred. No case of 
cancer was found in the postoperative follow-up of any of 
the patients, and some have subsequently gone through 
normal pregnancies and normal lactation. 


Treatment 


It need be only local excision of the tumor. The excision 
should be done with a circular skin incision placed exactly 
in the lines of tension of the breast skin over the center of 
the fibrous tumor. It is unreasonable to make radial inci- 
sions for benign tumors of the breast with the idea that 
by so doing the ducts are avoided. The ducts are not re- 
lated to the skin nor to the subdermal tissue, but rather 
are situated within the mammary parenchyma. Radial 
scars of the breast are tense, hard, and very unsightly; 
they tend to form keloids. Respect for the material beauty 
of the breast implies the use of circular incisions following 
the skin lines whenever possible. After two or three 
months there are no visible scars from incisions made in 
this manner. 

Operating delicately, with a sharp scalpel, the fibrous 
tumor is excised, together with a narrow margin of the 
surrounding breast tissue, but not any more than is neces- 
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sary. The excision should be done with careful hemostasia, 
which allows unobstructed vision of the operating field. In 
the breast, there are no anatomic planes. For this reason 
scissors should not be used. No attempt should be made to 
close the defect in the breast parenchyma with sutures; it 
only produces distortion of the breast contour. 
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Editorial Comment 


The majority of surgeons and pathologists have not learned to 
distinguish the disease that Dr. Puente has described very well. 
The explanation for this state of affairs is very simple, namely, 
that the close collaboration between surgeon and surgical patholo- 
gist that is essential for the recognition of this, as well as a num- 
ber of other breast lesions, is unusual. The surgeon incising one of 
these tumors produced by fibrous disease expects to encounter. 
carcinoma because the lesion is firm and poorly delimited. The pa- 
thologist, however, returns a diagnosis of “chronic cystic mastitis” 
although there were no gross cysts seen at operation. The surgeon 
may be puzzled but does not have enough intellectual curiosity to 
go around and talk with his pathologist. If he did so, he would dis- 
cover that the pathologist has a scrap basket into which he throws 
a whole series of benign lesions of the breast and labels it “chronic 
cystic mastitis” or “fibrocystic disease.” Both the surgeon and the 
pathologist are unaware that these various lesions have individual 
natural histories and that it is worthwhile sorting them out. For 
example, fibrous disease does not predispose the patient to breast 
carcinoma, but gross cystic disease certainly does. 

C.D. HAAGENSEN, MD 
New York 


Fibrous Tumor of the Breast/Puente & Potel 


Low- Velocity Gunshot Wounds 


of the Hand 


Jan Duncan, MD, Donald B. Kettelkamp, MD 


Wereviewed 32 low-velocity gunshot wounds of the hand to deter- 
mine the residudl impairment of the finger and hand. Spontaneous 
return of function occurred in nine of ten nerve injuries with partial 
permanent lozs n one. The severity of loss of finger function was 
primarily related to the location of fractures. Fractures involving the 
proximal intespralangeal joint produced the greatest impairment, 
sollowed by fractures of the proximal phalanx and then the metacar- 
pals. Unstable fractures resulted in more restriction of motion than 
stable fractures. Internal fixation of unstable fractures may permit 
earlier motion ard a better result. All patients were able to carry out 
daily, self-care aetivities in spite of occasionally severe restriction of 
motion in a sanze finger. 


"The biolowieal effects of high- and low-velocity missile 
wounds <re well recognized. Black et al, in 1941, de- 
scribed the wounding charaeteristics of high-velocity mis- 
siles, painting out that the kinetic energy was transferred 
-o tissues by the shock wave with temporary cavitation 
and attendant severe tissue destruction.’ In contrast, low- 
velocity mizsises leeve a linear tract with little soft tissue 
jamage. Two thousand feet per second muzzle velocity 
sustemarily separazes high- and low-velocity missiles. 
High-veleciy missile wounds of the hand have recently 
seen discused by Burkhalter? and Elton and Bouzard.’ 
Adams* reporzed eight missile wounds to the hand pro- 
juced by hazt-veloeity, small-caliber missiles but did not 
specify the velocity or caliber. Granberry° reported 57 
-ases of civilian gunshot wounds of the hand, 11 were 
shotgun wcunds, and there was no detailed follow-up. 
We are reporting 32 lew-velocity bullet wounds of the 
aand. Our ebj2ctive was to determine those aspects of the 
injury that led to functional impairment. 
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Materials and Methods 


Thirty-two patients with low-velocity bullet wounds of the hand 
were examined seven months to six years after injury at the Uni- 
versity of Arkansas Medical Center and Little Rock Veterans Ad- 
ministration Hospitals. 

Treatment consisted of cleaning, minimal debridement, splint- 
ing fractures, and antibiotics. The antibiotic in most cases con- 
sisted of cephalosporins. Fractures were splinted as if the hand 
were grasping a spherical object 4 to 5 cm in diameter. In this po- 
sition the metacarpal phalangeal joint was flexed approximately 
45°, the proximal interphalangeal joint was flexed approximately 
60°, and the distal interphalangeal joint was flexed approximately 
30°. The wrist was immobilized in slight dorsiflexion. Some vari- 
ation from the ideal position of function undoubtedly occurred be- 
cause the initial treatment was by various physicians. 

At follow-up, 71 items of data, including physical facts of in- 
jury, range of joint motion, function of injured soft tissues, and 
the extent and type of impairment, were obtained. Hand impair- 
ment was tested by the ability to perform a series of 27 acts of 
hand use involved in daily activities. The activities were grouped 
into three areas: (1) ability to dress and undress, including fasten- 
ing and unfastening buttons, hook and eye, and tying shoes; (2) 
ability to use eating utensils; and (3) proficiency at daily hygiene, 
such as use of comb, razor, toothbrush, and toilet tissue. 


Results 


The mean age was 30, and the range was 6 to 50 years. 

There were 30 males and two females. The male to fe- 
male distribution was not representative since half the 
patients in this series were seen at the Veterans Hospital. 

The caliber of gun was obtained by history or by obser- 
vation of the bullet on the roentgenograph. The distribu- 
tion of the caliber weapon is summarized in Table 1. The 
majority of wounds were caused by .22-caliber bullets. 

All wounds were permitted to heal by secondary inten- 
tion. The residual scar did not produce sufficient symptoms 
for any patient to wish revision, including three with fin- 
gertip injuries. There was one presumed infection that 
consisted of superficial drainage; however, no eulture was 
taken. The drainage cleared with local care and anti- 
biotics. 
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Ten nerve injuries included seven digital or common 
digital nerves, two median nerves, and one ulnar nerve. 
All nerve injuries initially had some degree of sensory loss 
that was complete in three cases and consisted of hypes- 
thesia in seven cases. Rapid return to full sensation oc- 
curred over one to four weeks in all but one median nerve. 
Because of troublesome hypesthesia, that median nerve 
was explored and a neuroma in continuity found at the 
wrist. External neurolysis provided only partial relief of 
symptoms. 

Two tendons, one extensor and one flexor sublimis, were 
noted to be damaged but intact at debridement. No spe- 
cific repair was required, and full function returned in 
both cases. 

Of the 20 fractures, five were of the metacarpal shaft, 
six were of the proximal phalanx, six involved the proxi- 
mal phalanx with extension into proximal interphalangeal 
joint, two were of distal phalanx, and one was of the 
greater multangular. 

The average retained motion in the finger joints accord- 
ing to the level of fracture is presented in Table 2. The re- 
tained motion was better with metacarpal fractures than 
with proximal phalangeal fractures as noted previously by 
Flatt, James,’ and Green and Anderson." 

Stability of the fracture was an important factor in de- 
termining the ultimate range of joint motion in the fin- 
ger. Two of the six phalangeal fractures were stable, 
healed without deformity, and retained a normal range of 
joint motion. Four fractures of the proximal phalanx were 
comminuted and unstable. These fractures healed with an 
average of 15° volar angulation and one had a rotational 
malunion of 15°. The range of motion of the fingers with 
unstable phalangeal fractures averaged 85° at the meta- 
carpophalangeal joint, 39° at the proximal inter- 
phalangeal joint, and 46° at the distal interphalangeal 


Table 1.—Distribution of Caliber Weapon 





Muzzle Velocity, Velocity at 100 
No. Caliber ft/secé yd, ft/secé 
23 .22 long 1,285 1,025 
rifle 
3 .25 auto- 810 700 
matic 
3 .32 S&W 680 610 
2 .38 long 730 670 
1 .45 auto- 810 730 


matic 








Metacarpal shaft fracture (5) 90 
Proximal phalanx fracture (6) 105 
PIP joint wound (6) 80 
Distal phalanx (2) 105 
Greater Multangular (1) 70 


Without fracture (12) 100 





Table 2.—Average Range of Motion of Joint in the Injured Finger* 


MIP Joint, Degrees PIP Joint, Degrees DIP Joint, Degrees 
Normal? 110-120 100-110 50-70 





joint. Instability of metacarpal fractures had a similar 
though less marked effect. The one stable metacarpal frac- 
ture healed without deformity and full motion was re- 
tained. The four unstable metacarpal fractures healed 
with a dorsal angulation deformity averaging 10 degrees 
and averaged 75° of metacarpophalangeal joint motion, 
100° of proximal, and 65° of distal interphalangeal joint 
motion. 

Six additional fractures of the proximal phalanx ex- 
tended into the proximal interphalangeal joint. These 
were particularly devastating with an average of 15° of 
motion at the proximal interphalangeal joint. Three of the 
six had an ankylosed proximal interphalangeal joint at fi- 
nal examination. In none of these was the involved joint 
unstable or painful. Instability and angulation deformity 
of the proximal interphalangeal joint did not occur in any 
of the six joint fractures treated by splinting. This in- 
cluded one inherently unstable condylar fracture in which 
stability was produced by spontaneous ankyloses at 45° of 
flexion. The joints adjacent to proximal interphalangeal 
joint fractures also had decreased motion averaging 80° at 
the metacarpal phalangeal joint and 15° at the distal in- 
terphalangeal joint. 

Of the remaining fractures, two were of the distal pha- 
lanx and one was of the greater multangular. Loss of mo- 
tion of the adjacent joints did not occur im these three 
fractures. 

Function of individual digits was determined by range 
of motion. Boyes" stated that a finger must have a total 
of 270° of motion at the three joints to retain full use. The 
only digits with loss of motion were those with fractures 
(Table 3). 

Overall hand function was tested by the ability to per- 
form the activities of daily living: dressing, eating, and 
personal hygiene. Hand dysfunction was minimal despite 
the severe impairment of a single digit. Every patient was 
able to perform the daily activities by substituting for the 
function of a severely impaired finger with the remaining 
digits. For example, the long finger was substituted for an 
injured index finger for picking up small objects, and so 
on. 


Comment 


Infection and soft tissue injuries, tendon and nerve, 
were not primary contributors to residual impairment 
from low-velocity bullet wounds. Though the wounds were 
not sterile,” the amount of tissue damage was minimal. 















100 68 
62 50 
15 15 
90 60 
65 TF 
90 55 






* Metacarpal interphalangeal, MIP; proximal interphalangeal, PIP; distal interphalangeal, DIP. Numbers in parentheses indicate number of 


fractures. 
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Table 3.—Average Total Range of 
Motion ef Involved Digit* 


Digit Range of Motion, Degrees 
‘Metacarpel facture (5) 258 
Proximal of=lanx fracture 16) 217 


PIP joint wamnd (6) 110 


* Proximal Frerphalangeal PIP. Numbers in parentheses indicate 
number of fraccares. 







Local minim debridement and systemic antibiotics have 
been adequa for this type of wound. Restricted mo- 
tion secondacy to tendor injury was difficult to evaluate 
because of ecrcomitant fractures. If passive range of joint 
motion exceecs active metion, a situation that did not oc- 
cur in our pa-ents, tendo-ysis after maturation of the scar 
could be censdered.* Complete nerve severance did not 
occur in our patients; however, residual damage neces- 
sitating neaselysis may eccasionally occur. 

The prim=-y residual *unctional impairment produced 
by lew-veloeita bullet wounds of the hand was the loss of 
motion secamcary to fractures and joint disruption. Most 
of the metacerpal and phalangeal fractures were open, 
somminutee, and unstabie. Treatment of these unstable 
Fractures by ewsed methods, splinting, resulted in angular 
deformity, and necessitated rather long immobilization. 
The alternet ~e method of internal fixation of unstable 
metacarpal ard phalangeal fractures should decrease re- 
sidual deforrmty and might permit earlier motion with 
ess residua pint stiffness. Percutaneous pinning as re- 
sorted by Græn and Ancerson”’ may be possible in frac- 
cures witheu> comminution. Internal fixation by intra- 
medullary ex eross Kirschner wires has been reported in 
he treatment of open fractures by Burkhalter,’ Flatt, 
and Nichols** The concera with internal fixation of frac- 
-ures seconGary to low-ve ocity bullet wounds was the po- 
ential increesed risk of infection. The fracture sites of 
most open fraztures can easily be debrided at the time of 
ternal fixation while they need not be debrided with 
-losed treatment of low-velocity bullet wounds. We cannot 
answer this cuestion: Does the risk of infection increase 
sufficiently -c warrant open debridement if internal fix- 
ation is usec er these comminuted unstable fractures and 
will joint moton be enoagh better to justify the addi- 
sional surgery and/or risk? We believe that the loss of mo- 
ñon with tae unstable phalangeal fractures was suffi- 
Gently severe with closed treatment to justify internal 
fixation in caz~2fully seleczed cases. 

Wounds iaroslving the joints were particularly devas- 
tating. Bony e fibrous ankylosis usually resulted and can 
be accomplisi~1 by closed treatment. Open fixation or pri- 
mary-arthrodesis was not necessary. Open fixation of joint 
wounds shoul be reserved for single condylar or other 
fractures w27 reconstituting the articular surface can be 
expected to -esult in a useful range of motion. 

The degree  funetiona. impairment of the injured fin- 
ger was related to the site of fracture. Impairment was 
least for the d stal phalanx, next the metacarpal, then the 
proximal phalz ax, and most for joint injury. In spite of se- 
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vere impairment of a single digit, patients were able to 
perform dressing, feeding, and hygiene activities without 
difficulty. 
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Editorial Comment 


As might be expected with low-velocity missile trauma to the 
hand, these patients sustained little soft tissue damage; digital 
fractures and joint injuries, not severed tendons and nerves, were 
their principal problems. 

The initial treatment consisted of cleaning, limited debride- 
ment, closed reduction, splinting, and antibiotics. Most of the 
metacarpal and phalangeal fractures were “open, comminuted, 
and unstable.” Of 32 patients, only one developed an infection. 
That in itself is 4 good record, but-would the ultimate results have 
been better had open reduction been done initially for the un- 
stable fractures? Yes, if the wound was relatively clean; if only a 
few hours had elapsed between injury and treatment; if an expe- 
rienced surgeon and proper operating facilities were available. 
Yet, one cannot gainsay the fact that all these patients were able 
to dress and take care of their bodily needs without the necessity 
of amputating a digit or even part of one. When an injury causes 
nerve and tendon damage as well as bony disruption in a finger, 
immediate amputation may be the conservative procedure and the 
quickest step to recover hand function. But this situation of se- 
vere trauma did not occur in this group of low-veloeity missile 
victims. 

In summary, and in retrospect, things might have gone better, 
but they certainly could have gone worse. 

Rosert M. Goupwyn, MD 
Brookline, Mass 
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The Bacteriology of 


Intra-abdominal Infections 


Robert M. Swenson, MD; Bennett Lorber, MD; 
Thomas C. Michaelson, MD; Earle H. Spaulding, PhD 


The bacteriology of intra-abdominal infections was studied pro- 
spectively in 64 patients. Special techniques for isolating anaerobic 
bacteria were employed along with standard microbiologic methods. 
Infections included generalized peritonitis, intraperitoneal and re- 
troperitoneal abscesses, as well as abscesses of the liver, spleen, and 
pancreas. Specimens commonly contained multiple organisms (aver- 
age, 3.8 per infection). Anaerobic bacteria were isolated most 
frequently (81% of cases) and multiple anaerobes were the only 
organisms found in 38% of cases. The remaining isolates were 
Gram-negative bacilli and Streptococcus species. Antimicrobial 
therapy of intra-abdominal infections should be directed at Bacte- 
roides fragilis as well as facultative and aerobic organisms that are 
sensitive to the penicillins, cephalosporins; and aminoglycosides. 


he role of anaerobic bacteria in intra-abdominal 
infections has been recognized for many years. 
However, the exact extent of involvement has been diff- 
cult to determine because the procedures for anaerobic 
transport of clinical specimens, anaerobic incubation, and 
methods of identification of anaerobes have frequently 
been inadequate. Recent technical advances in the isola- 
tion and identification of anaerobic bacteria have provided 
an opportunity to assess more completely the role of 
anaerobic bacteria in intra-abdominal infections. The re- 
sults of our studies using such techniques, as well as stan- 
dard microbiologic methods, in 64 cases of intra-abdomi- 
nal infections provide the basis for this report. 


Patients and Methods 


All patients were in-patients at Temple University Hospital 
from Jan 1, 1969 through Dec 30, 1973. Each was seen by at least 
one member of the Infectious Diseases Section (R.M.S., B.L., 
T.C.M.). Specimens were obtained from a closed space by aspira- 
tion with a needle and syringe, and immediately injected into oxy- 
gen-free, medium-free collection tubes and transported to the lab- 
oratory. Immediately on arrival in the laboratory, specimens were 
passed into an anaerobic chamber where all further manipulations 
were carried out.’ Specimens were plated on prereduced, anaero- 
bically sterilized media and anaerobic bacteria were identified by 
colonial morphology, reaction to Gram stain, growth on selective 
media, reactions in biochemical tests, and gas-liquid chromatogra- 
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phy of fermentation as outlined by the Anaerobe Laboratory at 
Virginia Polytechnic Institute.* Facultative anaerobes and aer- 
obes were isolated and identified using standard techniques. +° 
Blood cultures were obtained using a sterile needle holder system 
with supplemented peptone broth. Isolates were considered patho- 
gens only when isolated from a closed space or from blood cul- 
tures. Organisms isolated from open wounds or drain sites were 
not included since it was impossible to tell whether these were 
contaminants, secondary invaders, or pathogens. Intra-abdominal 
infections were classified anatomically according to the criteria of 
Altemeier et al.’ For the purpose of this report, only those cases of 
peritonitis related to diseases and injuries of the gastrointestinal 
tract were included. All wound infections followed trauma or sur- 
gery to the gastrointestinal tract. 


Results 


A total of 64 patients were studied. The types of in- 
fections and incidence of anaerobic bacteria are listed in 
the Table. There were 26 cases of generalized peritonitis. 
The underlying diseases in these cases were penetrating 
wounds (ten cases), ruptured appendix (six), blunt trauma 
to the abdomen (four), ruptured diverticulum (3), and per- 
foration of the gastrointestinal tract due to tumor (two). 
In one case, rupture of the colon appeared to be related to 
prolonged ileus secondary to narcotic ingestion. 

Visceral abscesses included 13 hepatic, one splenic, and 
one pancreatic abscess. Seven cases of liver abscess fol- 
lowed cholangitis or appendicitis. In the remainder, there 
was no apparent antecedent infection. The splenic abscess 
occurred in a patient with pneumonia and empyema, and 
the pancreatic abscess followed an episode of acute pan- 
creatitis. 

Intraperitoneal abscesses were related to penetrating 
wounds (five), ruptured diverticulum (four), and ruptured 
appendix (two). Two retroperitoneal abscesses followed 
penetrating wounds and two others were perinephric ab- 
scesses related to underlying pyelonephritis. All wound in- 
fections followed penetrating wounds or surgery to the 
gastrointestinal tract. 

Anaerobic bacteria were isolated in 52 of 64 cases (81%). 
Multiple anaerobes were the only organisms isolated in 24 
cases (38%). 

There were a total of 241 isolates (average, 3.8 per infec- 
tion). Of these, 153 were anaerobic bacteria (average, 2.4 
per infection). The remaining 88 (1.4 per infection) were 
facultative anaerobes or strict aerobes. 

Bacteroides fragilis was the most frequent isolate (37% 
of all anaerobes), and all Bacteroides species accounted for 
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Intra-aboominal Infections 








Anaerobic Bacteria 

Na. af -a M Ř 

Intection Cases Present Multiple Only 
Peritonitis 26 24 22 10 
Visceral abscess 15 11 7 6 
Intraneriteneal abscess 11 9 6 4 
Retreperitoneal abscess 4 2 2 1 
Wourd 8 6 4 3 
Total 64 52 41 24 


31% of the anaerokes (B fragilis, 57; B melaninogenicus, 
24; Bacteroides species, 13). Peptococcus species (12% of 
anaerotes: P prevetii, 12; Peptococcus species, six) and 
Peptost-epiecoccus species (10%: P anaerobius, ten; P in- 
*ermedrus, three; Peptosereptococcus species, three) were 
also frequently encountered. Clostridium species were iso- 
„ated in only five cases. Ælso isolated were eight F'usobac- 
terium species, six Huba-terium species, and six others. 
Gran=-negative bacilli made up 57% of the facultative 
anaerobes and strict aeroves isolated. Escherichia coli was 
nost ecmmonly isolated (36). Streptococcus species were 
solated on 34 occasions. Eight of these were group D. The 
~emainder cf facultative anaerobes and strict aerobes iso- 
ated ineluaed seven Proceus species, five Klebsiella spe- 
ies, two Pseudomonas species, and four others. 
Bacteremia was common in these infections, partic- 
alarly with generalized peritonitis. A total of 24 or- 


ranisms were isolated from 18 bacteremic patients. The 


solates weæ B fragilis (12), E coli (seven), Peptostrepto- 
~occus species (three), P arevotii (one), and Streptococcus 
-pecies one. 


Comment 


These data indicate that the non-spore-forming anaero- 
dic bacteria are very frecuently found in a variety of in- 
.ra-2bdeminal infections. Indeed, they are the organisms 
nost frequently isolated. Bacteroides fragilis was the 
most frequent isolate anc the most common cause of bac- 

eremia Ths may be of particular therapeutic importance 
ince the majority of strains of B fragilis are now resist- 
ant to pen cillin, tetracycline, and cephalothin,” anti- 
siotics eommonly employed for such infections. Addition- 
ally, all anazrebes ere highly resistant to aminoglycoside 
antibiotics such as kanamycin sulfate and gentamicin." 
“he ant. biories shown to rave the greatest in vitro activ- 
ty agamst anaerobic bacteria including B fragilis are 
«lindamycin and chloramphenicol.''” 

‘The majority of infectiens involved both anaerobes and 
zacultat ve anaerobes. The latter were most frequently Æ 
æli and streptococci. The bacteriologic results were sim- 
Lar for all the infections studied, except for the two cases 
ef perin=phrie abscess aml the single case of pancreatic 
=bscess -hat contained nc anaerobic organisms. It is not 
surprising that anaerobesare not significant pathogens in 
perinept ric abscesses since most of these infections origi- 
nate in the urinary tract’’.and anaerobic bacteria are very 
rely a cause of urinary ~ract infections.‘ Data reported 
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on pancreatic abscesses indicate that routine cultures usu- 
ally grow multiple organisms with a heavy predominance 
of enteric species. Such results are similar to those with 
other intra-abdominal abscesses when only routine culture 
techniques are employed. Thus, it is intriguing to specu- 
late that anaerobic bacteria are involved in pancreatic ab- 
scesses. However, support for this awaits results using 
careful anaerobic techniques with pancreatic abscesses. 

The frequency of anaerobic isolates in this series is 
higher than that noted in previous series. We believe this 
is the case for two reasons: (a) this was a prospective 
study, and (b) the techniques for obtaining and trans- 
porting specimens, as well as for isolating and identifying 
organisms, were specifically designed for optimum recov- 
ery of anaerobic bacteria. 

The bacteriologic data presented suggest that, with the 
exception of perinephric abscesses, rational antimicrobial 
therapy for all cases of intra-abdominal infections should 
be directed at anaerobic bacteria as well as facultative 
and aerobic organisms. 


This investigation was supported in part by a grant from the Upjohn 
Company. 


Nonproprietary Name and 
Trademark of Drug 


Clindamycin—Cleocin. 
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Basal Gastric 
Secretion in Man 


Control Subjects and Patients 
With Myasthenia Gravis 


Herbert Schapiro, PhD, 
Charles A. Cape, MD 


The basal gastric secretions from 12 patients with myasthenia 
gravis were compared to the basal gastric secretions obtained from 
two control groups of comparable age and sex. One control group 
came from 116 male subjects studied by one of us (H.S.), and the 
second control group was obtained from 615 male subjects and 634 


female subjects reported in the literature. The mean total acid output 


from our male myasthenia gravis patients was reduced 85%, and the 
mean total acid output from our female myasthenia gravis patients 
was depressed 39%. This reduced basal gastric secretion is probably 
the result of the acetylcholine defect. 


t is known that abnormalities may occur at the 
various stages of synthesis, storage, mobilization, and 
release of acetylcholine and result in defective neuro- 
muscular transmission. Recent studies on patients with 
myasthenia gravis suggested a defect in acetylcholine 
synthesis,' a reduction of the acetylcholine quantum size,’ 
a reduction in the number of acetylcholine quanta re- 
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leased by a nerve impulse,’ or a reduction in junctional 
acetylcholine receptors.* 

The parietal cell of the stomach secretes hydrochloric 
acid. The release of this cellular secretion may be stimu- 
lated by increased vagal activity. What has not been de- 
termined is the role of acetylcholine in this chain of 
events. Since the cause of myasthenia gravis is a defect in 
acetylcholine activity, might this defect also show up in 
visceral functions regulated by acetylcholine? Therefore, 
myasthenia gravis patients were used as models to deter- 
mine the role of acetylcholine in vagally regulated basal 
gastric secretion. 


Subjects and Methods 


Initially, gastric secretory studies were carried out on 116 male 
control subjects between the ages of 20 and 78. Later, 12 myas- 
thenia gravis patients between the ages of 21 and 70 were in- 
volved in the study. In this latter group, six were men and six 
were women. On the basis of clinical and/or roentgenographie 
findings, no gastrointestinal tract abnormality was observed in 
any of the 128 subjects. The myasthenia gravis patients had been 


Table 1.—Basal Total Acid Outputs in Patients With 
Myasthenia Gravis 


Total Acid 
Age, yr/Sex Output, mEq/hr* 












64/M 0.62 
70/M 0.00 
27/F 1.10 
28/F 1.23 
29/F 0.96 
42/F 1.06 






59/F 0.00 
51/F 0.56 


* Mean for men: 0.30 + 0.19 mEgq/hr; for women: 0.81 + 0.42 
mEq/hr. 
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Tabe 2.—Comparison of Mean Total Acid Output in Control Subjects and Patients With Myasthenia Gravis 








* Data*trom Gmossman et al? 


brought intothe University of Tennessee Clinical Research Cen- 
ter for f2llov-u» studies and had been taken off all medication for 
a 24 to 36-heur period before the gastric secretory studies. 

Inthe fasting patient, the tip of a Levin tube was positioned in 
the depende=t vortiom of the stomach under fluoroscopic control. 
‘The resHual zastric contents were aspirated and discarded. Basal 
gastric mice -wes collected at 15-minute intervals for one hour by 
<continucus s cretion that was maintained with a pump and inter- 
mittent hane saction. The volume of each sample was measured 
and the concncration of add was determined with a pH meter. 
‘The total acil oatput was expressed as milliequivalents per unit of 
time. Tke data were subjecsed to statistical analysis. 


Results 


The bass] zotal acid outputs of the 12 patients with 
myasthenis gravis ranged from 0.00 to 1.23 mEq/hr with 
a mear of 3.3D + 0.19 mEgq/hr for six male patients and a 
mean c 0.51 + 0.42 mEc/hour for the six female patients 
(Table 1). “hese deta became more meaningful when the 
individual 7a ues were grouped according to age and sex 
and compa-ee to our male control values and to the male 
and fenale contro. data obtained from the literature’ of 
comparable aze and sex (Table 2). 

A comparison of the myasthenis gravis data with the 
two ses o Ontrol date revealed the following observa- 
tions: C.) At no time did a total acid output from a patient 
with myaschenia gravis exceed a mean total acid output 
from cntmo! subjects o the same age and sex. (2) The 
mean total aeid output from men with myasthenia gravis 
was reiucel 34% (P<.01) when compared to our male con- 
trol daca aad'87% (P<.01) when compared to the male con- 
trol daca fon the literature.’ (3) The mean total acid out- 
put fram wonen with myasthenia gravis was reduced 39% 
(P<.0F) waea compared to the female control data from 
the literatare.° 


Controls* 
Male Mean Female Mean 
Total Acid Total Acid 
Age Output, Output, 

Groups, yr Mo. mEg/hr No mEq/hr No. 
20-3 74 2.50 + 2.81 65 1.74 + 2.06 24 
30-3 157 2.63 + 2.70 145 1.58 = 2.32 21 
40-423 756 2:83 = 3.01 184 1.45 + 2.24 22 
50-5 158 2.25 + 3.04 162... 0981.53 19 
60+ 70 1.48+ 2.18 78 0.95 + 1.43 30 

2.44 + 2.85 1.33 + 2.00 





Controls Myasthenia Gravis 
Male Mean Male Mean Female Mean 
Total Acid Total Acid Total Acid 
Output, Output, Output, 
mEq/hr No. mEgq/hr No. mEgq/hr 
217223) 1 0.44 3 1.09 
2:22 2.38 2 0.18 Te 
2.08 + 1.96 at 1 1.06 
1.85 + 1.04 1 0.42 2 0.28 
1.21 > 1.35 2 0.31 aa 
0.30 + 0.19 0.81 + 0.42 









1.90 + 1.76 6 


Comment 


The experimental data brought out two main points: (1) 
The myasthenia gravis patients secreted less basal gastric 
juice per unit time than control subjects obtained from 
two different series of comparable age and sex. Further, 
the basal gastric secretion from the male myasthenia 
gravis patients was reduced 84% to 87%, while the basal 
gastric juice of the female myasthenia gravis patients 
was reduced by only 39%. We are unable to account for the 
difference in the percent inhibitions between our male and 
female myasthenia gravis patients. (2) The acetylcholine 
defect in myasthenia gravis disease responsible for so- 
matic motor weakness may also modify visceral activity 
regulated by acetylcholine. Gastric secretion was mea- 
sured during the interdigestive period, which is a more or 
less continuous secretion of gastric juice in the absence of 
food and is a normal phenomenon in man.: The marked 
diminution of the 12-hour night secretion by 97%’ and the 
basal secretion by 95%' following bilateral vagotomy indi- 
cated that the vagus was the most important factor con- 
tributing to gastric secretion during this interdigestive 
period. Therefore, the postganglionic fibers of the vagi to 
the stomach, like other postganglionic parasympathetic fi- 
bers, release acetylcholine and, since basal gastric secre- 
tion in man is regulated by the vagi, the measurement of 
basal gastric secretion can be used as an index of gastric 
acetylcholine activity. 


C. M. Thompson provided library assistance (US Public Health Service 
grant LM-00102 from the National Library of Medicine). 

The University of Tennessee Clinical Research Center provided patient 
care (US Public Health Service grant FR-002111). 


References 


1. Deemeet - E: Presynaptic mechanisms in myasthenia gravis. 
Ann N7 Aad Sei 135:209-246, 1966. 

2. Theslef = Acetylcholine utilization in myasthenia gravis. 
Ann N7 Aad Sei 135:195-208, 1966. 

3. Elmguist J, Lambert 3H: Detailed analysis of neuromuscu- 
lar transmision in a patien with the myasthenic syndrome some- 
times æsocated wita bronchogenic carcinoma. Mayo Clin Proc 
43:689-713, B63. 

4. Famn DM, Dræhmand DB, Satyamurti S: Neuro- 


musculer j on in myasthenia gravis: Decreased acetylcholine 


Arch Sarg/ œ 109, Sept 1974 


receptors. Science 182:293-295, 1973. 

5. Grossman MI, Kirsner JB, Gillespie IE: Basal and histalog- 
stimulated gastric secretion in control subjects and in pue 
oh peptic ulcer or gastric cancer. Gastroenterology 45:14-26, 
1 


6. Carlson AJ: Secretion of gastric juice in health and disease. 
Physiol Rev 3:1-40, 1923. 

7, Stein IF Jr, Meyer KA: Studies on vagotomy in the treat- 
ment of popar ulcer: III. Physiological aspect. Surg Gynecol Ob- 
stet 87:188-196, 1948. 


Basal Gastric Secretion/Schapiro & Cape 401 





4 


Le i 
por CEE 


= 7 


Civilian Colonic Injuries 


Changing Concepts of Management 


Sydney E. Garfinkle, MD; Sheldon E. Cohen, MD; Nathaniel M. Matolo, MD; 


Lindsay C. Getzen, MD; Earl F. Wolfman, Jr., MD 


In 94 civilian colonic injuries modes of treatment were variable, 
ranging from double-barreled colostomy to primary repair with or 
without exteriorization. Multiplicity of associated injuries, especially 
vascular, shock, and infection, determined both morbidity and mor- 
tality. The overall morbidity was 29% and mortality 13%. The major- 
ity of complications were infectious and included intra-abdominal ab- 
scess, wound infection, and septicemia. The most common causes of 
death were hemorrhagic shock and sepsis. — 

The data from this series do not support the dogmatic approach of 
“colostomy only” as the only acceptable method of management of 
colonic injuries. Primary repair with or without exteriorization in se- 
lected cases reduces morbidity, length of hospitalization, and the ne- 
cessity for secondary operations. 


he major advances in the treatment of civilian 
colonic injuries have resulted from military experi- 
ences. This has resulted in a decrease in mortality from 
nearly 100% prior to world War I to 10% to 15% at the 
present time.’* Factors influencing this reduction are 
multiple, including the introduction of blood banks in the 
1940s, the use of colostomy during World War II, the ad- 
vent of antibiotics, and improvement in battlefield evac- 
uation of the injured reducing the delay in treatment.’ 
Though Imes‘ suggested primary repair of injuries to the 
colon as early as 1945, widespread use of colostomy was 
the prevailing method in most civilian centers. Primary 
closure was not advocated on a large scale until 1970, 
when Beall and associates? reported a series of primary 
repairs of the colon with results comparable to colostomy. 
This technique had the advantage of obviating secondary 
and tertiary procedures. More recently, treatment of the 
injured colon by exteriorized primary repair with early 
“Interiorization” during the same hospitalization has been 
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suggested.*’ These two approaches, primary closure and 
exteriorized closure, have led to abandonment of the dog- 
matic approach of “colostomy only” as the only acceptable 
method of management of colonic injuries. The rationale 
for using a different approach to civilian colonic injuries is 
predicated on the fact that civilian wounds differ in extent 
and velocity of the injuring missile. Recent increases in 
military type injuries occurring in civilian practice, how- 
ever, may ultimately obscure this difference. This study 
reviews the experience with colonic injuries at the Univer- 
sity of California, Davis, Sacramento Medical Center. 


Materials and Methods 


This retrospective study reviews the clinical case records of all 
patients with colonic injuries treated at the University of Califor- 
nia, Sacramento Medical Center, from 1966 to 1973. The records 
were analyzed in detail with respect to age, sex, type and extent 
of injury, associated injuries, time between injury and operation, 
management, and factors affecting morbidity and mortality. Pa- 
tients were categorized according to the operative method used. 
Almost all operations were performed by the resident staff under 
the supervision of the attending staff. 


Results 


There were 94 patients with colonic injuries treated 
during the seven-year period. The ages ranged from 6 to 
78 years, with 56% occurring between 20 and 50 years. 
Penetrating injuries comprised 89% (84) of the cases and, 
of these, 72% (61) were bullet wounds, 26% (21) were from 
sharp objects, and 2% (two) were iatrogenic. The remain- 
ing 11% (ten) resulted from blunt abdominal trauma. The 
anatomical distribution of these injuries was proportional 
to the relative size of each portion of the colon with the as- 
cending (23 cases), transverse (27 cases), and descending 
(23 cases) colon having almost equal numbers. There were 
15 injuries to the sigmoid colon and nine rectal injuries. 

Most patients sought emergency care early, so that 
there was little delay in initial evaluation and treatment. 
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After instituting resuscitative measures and appropriate 
diagnostic studies, 62% of the patients were operated on 
within -wo haurs of the injury. Only 7.5% (seven of 94 pa- 
tients) were erated on after six hours, with the longest 
delay being ¢¢ hours. This latter case was due to blunt ab- 
domina trawna, and the patient had been hospitalized for 
>bservetion fer four days prior to the development of an 
acute cenditim within the abdomen. 

Only 11 isclated colonic injuries occurred. The remain- 
Jer were asseciated with other intra-abdominal, intra- 
shoracic, anc musculoskeletal injuries. The most fre- 


quently asseczted injured organ was the small intestine 


51), with in-uries to liver (12), kidney (ten), bone (15), 
spleen +11), cad bleod vessels (15) being relatively com- 
non. Less common associated injuries included stomach 
seven), meseatery (nine), gallbladder (three), pancreas 
four), reter one), urinary bladder (three), testicle (one), 
jiaphrazm (eght), pneumothorax (six), abdominal wall 
two, and re--operitoneal hematoma (one). 

Primery closure without exteriorization of the colonic 
njury was aczomp ished 36 times. This group included 

hose petients with closure only (23), closure with accom- 
sanying cecos.omy or appendicostomy (eight), or colonic 
-esection witt primary anastomosis (five). Primary clo- 
sure wita exteriorization ef the colon was done in 11 cases. 
a cowstomy as established in the remaining 47 cases. 
“hes= includes 12 patients with primary closure of the in- 
-ary with prorimal diverting colostomy, 16 in whom the 
ñjured colen was 2xteriorized as a colostomy, and 19 
treated oy resection of the injured colon with proximal co- 
bstomy and ctal mucous fistula. The associated injuries 
were al= defiritively treated. 

Complicatiors related to primary procedures occurred in 
<7 of the 94 esses (29%). The incidence in the primary clo- 
sire group wes 25.5% (12/47), as compared to 32% (15/47) 
in the patient= treated with colostomies. 


Primary ckisure 12/47 
€lesure without exteriorization ' 7/36 
Celoertaneots fistula 

Wound infection 
Sepsis 
intra-abdominal abscess 
& paralytic ileus 1 
Closure wath exteriorization 5/11 
Bowel obstruction 3 
Hernic-ion of small bowel at 
colomsite 1 
Breakdown suture line il 


re DO CO 


Cdlossomy 15/47 
Intza-abdeminal abscess 
Wound ir<ection 
Sepsis 
Empyem2 
Small bowel obstructien 
Pulmona-7v 
Reral failare 
Reral fistula 
Parcreat.—is 
Chdangi-s 
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In addition, for those 47 patients having colostomies, 
there was a further complication rate of 22% associated 
with closure of the colostomy including colocutaneous fis- 
tula (four), bowel obstruction (three), wound infection 
(one), and colonic bleeding (one). 

The mortality associated with the management of these 
acute injuries was 13% (12 cases). Two deaths (4%) oc- 
curred in the primary closure group, and ten (21%) in the 
colostomy group. The causes of death were hemorrhagic 
shock, either intraoperatively or in the immediate postop- 
erative period (four cases); septicemia (four cases); and re- 
nal failure (two cases). One each died from pulmonary em- 
bolus and myocardial infarction. 


Comment 


A careful retrospective analysis of our data regarding 
treatment of colonic injuries agreed for the most part 
with the previous reports in the literature.’'* There were, 
however, findings that resulted in a modification of our 
therapeutic approach to colonic injuries. 

The treatment modalities used were more variable in 
this reported group of patients than in most series, but 
the morbidity and mortality are comparable. The present 
series of 94 cases had a 29% morbidity, which is equivalent 
to the 24% to 35% reported in other series.*-* The mortal- 
ity of 13% is also comparable to the 10% to 14% previously 
reported.'** Excluding associated major vascular in- 
juries, the mortality in the present series is only 8%. There 
were no deaths in the 11 cases of isolated colonic injuries, 
a finding similar to that reported by Aldrete et al’ and 
Middleton and Wayne." Beall et al reported a 1.3% mor- 
tality for isolated colonic injuries.’ 

The treatment of wartime colonic injuries has been 
standardized, but the management of civilian injuries re- 
mains controversial. Recently, emphasis has been placed 
on primary repair of civilian colonic injuries with or with- 
out exteriorization.2°-? Morbidity and mortality utilizing 
this method have been equivalent to other modes of treat- 
ment. The advantages of this therapeutic approach have 
been to decrease the length of hospitalization and to elimi- 
nate the necessity of secondary operations for colostomy 
closure. Interestingly, colostomy closure in our series had 
a 22% morbidity rate. 

Previously, our indications for primary closure of colonic 
injuries had been a limited injury, less than six hours old, 
with minimal peritoneal soilage, in a good-risk patient 
with minimal associated injuries. There were 36 cases, five 
blunt and 31 penetrating injuries, in which the colon was 
closed primarily without exteriorization. These included 
eight instances where an appendecostomy or cecostomy 
accompanied the primary closure and five in whom resec- 
tion with primary colonic anastomosis was done. There 
were seven complications (19%) in this group. These in- 
cluded three wound infections, one septicemia, and three 
colocutaneous fistulas. Two deaths (5.5%) occurred, but 
neither was attributable to the repair of the colon. 

Our experiences with primary repair and exterioriza- 
tion of the colon are similar to those previously reported.’ 
No complications occurred in six of 11 cases (55%). The ex- 
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teriorized loop of colon was returned to the abdomen in 
ten to 14 days. The success rate of this procedure could be 
improved if certain technical errors are avoided. Obstruc- 
tion of the colon at the exteriorized site was one of the 
major problems (three of 11 cases), and this can be avoided 
by making the standard fascial incision large or by using 
a fascial bridge as described by Kirkpatrick and Rajpal.’ 
There was one case of pericolostomy herniation resulting 
from a technical error, and one suture line breakdown re- 
sulting in a loop. colostomy. 

The remaining 47 injuries were treated by colostomy 
with or without exteriorization of the injured site with a 
morbidity of 32% (15/47) and a mortality of 21% (10/47). 
In general the most critically injured patients were 
treated by exteriorization of the injured colon or resection 
of the injury and establishment of a double-barreled colos- 
tomy. The mortality reflects the magnitude of associated 
injuries rather than the method of treatment of the colon 
injury per se. Nevertheless, the morbidity was somewhat 


higher than in those treated by a form of primary closure. 

The data from this series and others support the use of 
primary repair of civilian colonic injuries in selected cases 
to reduce morbidity, length of hospitalization, and second- 
ary procedures.’ Criteria for primary closure are right- 
sided colonic injuries and penetrating left-sided injuries 
with minimal contamination of the peritoneal cavity that 
do not require resection. Extraperitoneal rectal wounds 
still require a proximal diverting colostomy and appropri- 
ate drainage.” Presently, we feel the six-hour “golden” pe- 
riod should be observed and that primary closure is cer- 
tainly questionable after that time.’* Other factors 
militating against primary closure are multiple associated 
injuries and a poor-risk patient in whom the operation 
would be prolonged by primary closure. When the above 
criteria cannot be met, the colon should be closed and ex- 
teriorized over a glass rod if possible. This is preferable to 
colostomy. If an uncomplicated course ensues, the colon 
can be returned to the abdomen in ten to 14 days. 
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collagenase 


Indications: Santy! Ointment is indicated for debrid- 
ing dermal ulcers and severely burned areas. In other 
types of necrotic skin lesions reports on the use of 
Santy! Ointment have been limited to clinical observa- 
tions without controls. 


Contraindications: Application is contraindicated in 
patients who have shown local or systemic hypersen- 
sitivity to Collagenase. 


Precautions: The enzyme's optimal pH range is 7 to 
8. Lower pH conditions have a definite adverse effect 
on the enzyme's activity, and appropriate precautions 
should be taken. 


The enzymatic activity is also adversely affected by 
detergents and hexachlorophene and heavy metal ions 
such as mercury and silver which are used in some 
antiseptics. When it is suspected such materials have 
been used, the site should be carefully cleansed by 
repeated washings with normal saline before Santyl 
Ointment is applied. Soaks containing metal ions or 
acidic solutions such as Burow’s solution should be 
avoided because of the metal ion and low pH. Cleans- 
ing materials such as hydrogen peroxide or Dakin's 
solution do not interfere with the activity of the enzyme. 


Debilitated patients should be closely monitored for 
systemic bacterial infections because of the theoreti- 
cal possibility that debriding enzymes may increase 
the risk of bacteremia. 


The ointment should be confined to the area of the 
lesion in order to avoid the risk of irritation or macer- 
ation of normal skin. 


A slight erythema has been noted occasionally in the 
surrounding tissue particularly when the enzyme oint- 
ment was not confined to the lesion. This can be read- 
ily controlled by protecting the healthy skin with a 
material such as Lassar’s paste. 


Since the enzyme is a protein, sensitization may de- 
velop with prolonged use although none has been 
observed to date. 


Adverse Reactions: Adverse reactions to Collagenase 
have not been noted when used as directed. 


Dosage & Administration: Santy! Ointment should be 
applied once daily (or once every other day in the 
case of outpatients) in the following manner. 


(1) Prior to application the lesions should be gently 
cleansed with a gauze pad saturated in normal saline, 
buffer (pH 7.0-7.5) or hydrogen peroxide to remove 
any film and digested material. 


(2) Whenever infection is present, as evidenced by 
positive cultures, pus, inflammation or odor, it is de- 
sirable to use an appropriate topical antibacterial agent. 
Neomycin-Bacitracin-Polymyxin B (Neosporin) has 
been found compatible with Santy! Ointment. This 
antibiotic should be applied to the lesion in powder 
form or solution prior to the application of Santyl 
Ointment. Should the infection not respond, therapy 
with Santyl Ointment should be discontinued until 
remission of the infection. 


(3) Santy! Ointment should be applied (using a wooden 
tongue depressor or spatula) directly to deep wounds, 
or, when dealing with shallow wounds, to a sterile 
gauze pad which is then applied to wound. The wound 
is covered with sterile gauze pad and secured with 
clear tape or Kling bandage. 


(4) Crosshatching thick eschar with a #11 blade is 
helpful. It is also desirable to remove as much loos- 
ened detritus as can be done readily with forceps and 
scissors. 


(5) All excess ointment should be removed each time 
dressing is changed. 


(6) Use of the ointment should be terminated when 
sufficient debridement of necrotic tissue has taken 
place. 


Overdose: Action of the enzyme may be stopped, 
should this be desired, by the application of Burow's 
solution U.S.P. (pH 3.6-4.4) to the lesion. 


How Supplied: Santy! Ointment contains 250 units of 
Collagenase enzyme per gram of white petrolatum 
U.S.P. The potency assay of Collagenase is based on 
the digestion of undenatured collagen (from bovine 
Achilles tendon) at pH 7.2 and 37° C. for 24 hours. 
The number of peptides cleaved are measured by 
reaction with ninhydrin. Peptides released by a tryp- 
sin digestion control are subtracted. One net Collage- 
nase unit will solubilize ninhydrin reactive material 
equivalent to 4 micromoles of Leucine. 
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Experimental Stress Ulcers in Acidotic 
and Nonacidotic Renal Insufficiency 


Stress ulcers are a frequent complication in patients with renal in- 
sufficiency. Rats were used to study the effect of renal insufficiency 
on restraint-indueed stress ulcer formation. Acidotic, hyperkalemic 
renal insufficiency produced be the nephrotoxin uranyl nitrate and 
nonacidotic, nernokalemic renal insufficiency produced by partial 
nephrectomy followed òy internal contralateral nephrectomy en- 
hance restraint-iaduced gastric erosions and ulcers. These studies 
demonstrate that both acute reaal insufficiency with its concomitant 
acidosis and hyperkalemia and uremia enhance restraint-induced 
stress ulcer formation, possibly by impairing the normal reparative 
process of the gastric mucosa. 


though menal irsufficency is a frequent concom- 
À itant ir patients whe develop stress ulcers,” it has 
net been demcnstrated that it enhances stress ulcer for- 
mation. In fact, in a sreviaus report, the contrary was in- 
dicated.* That exper-ment. using anephric rats, may be 
suspect since-operative trauma may have masked the ef- 
fect of rena insufficiency. The experiments presented 
here reexamime the effect of renal insufficiency on re- 
straint-induced stress ulcer formation; one study, the ef- 
fect of nephrctoxic-induced acidotic renal insufficiency 
and the other renacidotic renal insufficiency. In the latter 
study, uremic was inducec by partial nephrectomy, fol- 
lowed by interval contraleteral nephrectomy in such a 
manner as to eliminate aciaosis and hyperkalemia, invari- 
able accompaniments of acate renal insufficiency. 


Mechods 


Control and experimental maæ Sprague-Dawley rats (200 to 225 
gm) were paired oy weight ani housed under identical environ- 
ments. Food and water were allowed freely except for a 24-hour 
fast (water freey? prior zo restraint. The protocol was performed 
simultaneously “or both the coatrol and experimental groups of 
each experiment. “rior tc restraint, the rats were lightly anesthe- 
tized with ether. Restramt wa: performed using wire restraint 
cages molded te ft body contoers, in the manner of Brodie and 
Hanson. Becaus zhe laberatory, in which the rats were restrained 
was changed betw=en experiments 1 and 2 and because the exper- 
iments were perfœmed several months apart, the restraint time 
required'to prodace a substantial number of gastric lesions in the 
control rats chamged between exveriments 1 and 2. The rats in ex- 
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Method of partial nephrectomy: suture is looped inferior to hilus 
and tied around kidney to preserve hilar structures and obtain he- 
mostasis for amputation of approximately 60% to 70% of kidney. 


periment 1 were restrained for 11 hours; in experiment 2, 24 
hours. 

Gastric lesions occurred in the glandular stomach and were 
graded by a single observer who was unaware of the experimental 
grouping of the rats. Petechial hemorrhages or punctate super- 
ficial epithelial sloughs less than 2 mm in diameter were termed 
erosions. Deep epithelial gastric lesions that were greater than 2 
mm in diameter were termed ulcers. Characteristically, gastric ul- 
cers had adherent blood clots at their bases. Previous studies have 
confirmed that lesions termed erosions are superficial epithelial 
sloughs confined to the mucosa, whereas ulcers are full-thickness 
mucosal defects.° 

Blood samples were drawn from the left ventricle at the termi- 
nation of restraint. The occurrence or absence of gastric lesions 
after restraint were analyzed statistically using a 2 x 2 contin- 
gency table with Yates continuity correction. The remaining ex- 
perimental variables were analyzed for biological significance 
using the Student t test for small unpaired samples. 


Experimental Groups 


Acidotic Renal Insufficiency.—Uranyl nitrate is absorbed from 
the peritoneal cavity, filtered through the renal glomeruli, and 
concentrated in the tubules where it necroses both the proximal 
and distal tubules.’ Renal insufficiency was produced in the exper- 
imental group by a single intraperitoneal injection of 4 mg/100 ml 
uranyl nitrate at a dosage of 2 mg/100 ml per 100 gm body weight. 
Control rats were injected intraperitoneally with saline (0.5 
ml/100 gm). Four days after injection the rats were restrained. 

Nonacidotic Renal Insufficiency.—Operative procedures were per- 
formed via flank incisions using intraperitoneally administered 
pentobarbital (Nembutal) sodium anesthesia. Partial nephrec- 
tomies were performed on the experimental rats on day 1 (Fig- 
ure). The control rats underwent sham flank operations on the 
same day. Eight days later, contralateral nephrectomies were per- 
formed on both the experimental and control rats. The rats were 
restrained on the 14th day. 
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Table 1.—Restraint-Induced Gastric Lesions: 
Uranyl Nitrate-Induced Acidotic Renal Insufficiency 


No. of Gastric Erosions* 
2 or less 
3 or more 

No. of Gastric Ulcerst 
None 
1 or more 





*P<.001. 
T P<.01. 









Control 
H*, No. 3.81 X 1078 + 0.04 x 10-8 
K+, mEq/liter 4.2 £0.5 
BUN, mg/100 mi 29.9 + 3.4 





Table 2.—Arterial Chemistries: Experiment 1* 


Table 3.—Restraint-Induced Gastric Lesions: 
Staged Nephrectomy Nonacidotic Renal Insufficiency 


No. of Rats 


Renal In- 
sufficiency 


No. of Gastric Erosions* 
None 
1 or more 

No. of Gastric Ulcerst 
None 
1 or more 


*P<025, 
t P<.05. 









Renal Insufficiency P 
6.45 X 10-8 + 0.03 x 10-8 <.001 
§.42£1.1 <.001 
236.1 + 14.9 <.001 





* Control group, 16 animals; renal insufficiency group, 14 animals. Values expressed as average + SE. 


Experimental Results 


In a separate set of experiments, both the control and 
experimental groups of experiment 1 and 2 were dupli- 
cated and the rats killed prior to restraint. Neither uremia 
nor operative manipulations prior to restraint induced a 
substantial number of spontaneous gastric lesions. No 
gastric ulcers and only an average of 0.17 erosions per rat 
occurred in rats not subjected to restraint. 

Experiment 1: Acidotic Renal Insufficiency.—Acidotic 
renal insufficiency enhanced restraint-induced gastric 
erosions (P<.001) and gastric ulcers (P<.01) (Table 1). Ar- 
terial hydrogen, potassium, and urea nitrogen concentra- 
tions of the control and experimental groups are summa- 
rized in Table 2. The rats with uranyl nitrate-induced 
renal insufficiency were severely acidotic (average pH, 
7.19) and hyperkalemic (average potassium concentration, 
5.4 mEq/liter). Acidotic hyperkalemic renal insufficiency 
enhances restraint-induced stress ulcers, but it is not clear 
whether this enhancement results from uremia, acidosis, 
or hyperkalemia. 

A previous study examined the effect of metabolic aci- 
dosis induced by ammonium chloride ingestion,’ and dem- 
onstrated that metabolic acidosis enhances the formation 
of restraint-induced stress ulcers. That study also eval- 
uated the effect of metabolic acidosis on the stomach by 
comparing gastric acid production, gastric oxygen pres- 
sure equilibration, and in vitro gastric oxidative metabo- 
lism in the acidotic versus the control rats. These factors 
were not altered by metabolic acidosis. Likewise, in a sep- 
arate set of experiments in this study, gastric acid produc- 
tion, gastric oxygen pressure equilibration, and in vitro 
gastric oxidative metabolism were found to be unchanged 
in rats with uranyl nitrate-induced renal insufficiency. 

Experiment 2: Nonacidotic Renal Insufficiency.—In a sepa- 
rate set of experiments duplicating the conditions of this 
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experiment, the majority of control rats developed only 
minimal (if any) elevation of their blood urea nitrogen 
(BUN) levels after contralateral nephrectomy. By the day 
of restraint, only a few of the control rats were signifi- 
cantly uremic. Control rats were excluded if their BUN 
levels exceeded 50 mg/100 ml at the termination of re- 
straint. In the experimental group, some rats became se- 
verely uremic after contralateral nephrectomy and died 
prior to restraint, whereas others did not become uremic. 
Experimental rats were excluded if their BUN levels did 
not exceed 65 mg/100 ml at the termination of restraint. 
Nonacidotic renal insufficiency enhanced gastric erosion 
(P<.025) and gastric ulcer formation (P<.05) (Table 3). In 
contrast to experiment 1, these uremic rats were not 
acidotic or hyperkalemic (Table 4). Moderate uremia 
(average BUN level, 111.6 mg/100 ml), unaccompanied by 
acidosis or hyperkalemia, enhances restraint-induced 
stress ulcer formation. 


Comment 


That renal insufficiency enhances restraint-induced 
stress ulcer formation gives experimental support to the 
clinical observation that patients with acute renal insuffi- 
ciency are at great risk to develop stress ulcers. Upper 
gastrointestinal tract hemorrhage from stress ulcers oc- 
curred in 20% to 38% of patients with posttraumatic renal 
insufficiency in Vietnam."? In the series of Lucas and co- 
workers, 29% of 38 patients who required operative inter- 
vention for bleeding gastric stress ulcers had developed 
renal insufficiency prior to hemorrhage.’ The two clinical 
studies that examined the pathogenic role of increased hy- 
drogen ion back diffusion on stress ulcer formation have 
documented that, as a group, patients with greater than 
normal back diffusion have significantly poorer renal func- 
tion than patients with normal back diffusion,’ and that 
half of the patients with increased back diffusion have re- 
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Table 4.—Arterial Chemistries: Experiment 2* 


Control 
2.41 X 1078 + 0.09 X 10-8 
3.43 + 0.13 
41.8 + 1.7 
51.5 + 2.8 


H+, No. 

K+, mEq/liter 
BUN, mg/100 mli 
Hematocrit, % 


Renal Insufficiency 
2.42 X 108 + 0.08 X 10-8 
3.67 + 0.08 
111.6 + 14.3 
49.7 + 0.8 





* Control group, 12 animais; -enal insufficiency group, 16 animals. Values expressed as average + SE; NS, not significant. 


nal insufficiency. 

As summarized by Ritchie et al, the rat restraint model 
appears to be appropriate for the study of stress ulcer 
sathogenesis.’ The gastric lesions induced by restraint 
3eem to be initiated by mucosal ischemia. Hase and Moss 
rave demonstrated in the rotationally stressed rat that 
zastric mucosal les.ons occur from mucosal ischemia, re- 
sulting from the contraction of the connecting arterioles." 

The finding that nonacidotic renal insufficiency en- 
tances restramt-induced stress ulcers (experiment 2) has 
aot been previously documented. This finding should not 
3e surprising since this experimental circumstance is not 
dissimilar to the clinical state of renal insufficiency pa- 
‘ients managed by prophylactic hemodialysis. Such pa- 
tients may not be significantly acidotic or severely uremic, 
=nd yet they are at greet risk to develop stress ulcers. 
Tischer and Stremple have commented on the possible eti- 
clogic role of intragastric urea on stress ulcer formation 
Grea freely diffuses from the blood stream into the gas- 
tric lumen, and intragastric urea in high concentrations 
Gisrupts the gastric mucosal barrier).' They concluded that 
neither clinical nor experimental evidence suggests that 
iatragastric urea, in the concentrations found even in se- 
verely uremic patierts, plays a role in stress ulcer patho- 
genesis. 

Few clinical or experimental correlates are available to 
ain further insight into the experimental data presented 
here. There are no reports on the effect of nonacidotic re- 
ral insufficiency on gastric mucosal integrity or on the ef- 
fect of either nonacidotic ar acidotic renal insufficiency on 
gastric blood flew. Likewise, there is no evidence that hy- 
perkalemia enhances stress ulcer formation. 

Under normal conditions, the gastric mucosa renews it- 
self within three days as desquamated surface cells are re- 
paced by new cells migrating from the basal portions of 
the gastric glands. Tie maintenance of mucosal integrity 
depends on this dynamic balance between desquamation 
and reparation. In specific instances, acute gastrointesti- 
n=l tract lesions result from impairment of the mucosal 
reoarative mechanisms.” Renal insufficiency impairs gas- 
tre mucosal repair, and erosive gastritis is an integral 
cemponent of uremic enterocolitis in severely uremic pa- 
tients. McDermott et al demonstrated that renal insuffi- 
ciency induced by uranyl nitrate inhibits fibroplastic 
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and capillary endothelial proliferation in granulating 
wounds,” and, more specifically, impairs esophageal and 
jejunal cell renewal." In the experiments of McDermott 
and co-workers and in our experiment 1, the results can- 
not be attributed exclusively to uremia since acidosis and 
hyperkalemia were also present. As previously noted, it 
has been demonstrated that severe metabolic acidosis en- 
hances restraint-induced stress ulcer formation in nonure- 
mic rats.* The application of the findings of McDermott et 
al to this experimental study suggests the likely possi- 
bility that the uremic rats were restrained at a time when 
the dynamic mucosal balance between repair and desqua- 
mation was weighted in favor of desquamation. In this 
circumstance, stress ulcers would be more easily induced 
in uremic rats than in nonuremic rats, 
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Insulin Resistance in Experimental Shock 


Irshad H. Chaudry, PhD; Mohammed M. Sayeed, PhD; Arthur E. Baue, MD 


Previously adrenalectomized (ADX) rats were bled to a mean arte- 
rial pressure of 40 mm Hg and maintained for 142 hours. Basal glu- 
cose uptake by isolated soleus muscle from ADX normal rats and 
ADX rats subjected to shock (‘‘shock’’ muscles) increased with the 
increase in medium glucose concentration and uptake was similar in 
both groups of muscles. This indicates that shock per se did not pro- 
duce any alterations in the basal glucose carrier mechanism. Insulin 
(0.1 unit/ml) increased uptake in ADX control but not in ADX shock 
muscles. Maximal stimulation of glucose uptake in shock muscles 
was observed at an insulin concentration of 0.2 unit/ml insulin. 
These experiments provide the first direct evidence that the respon- 
siveness of tissues to insulin is altered during shock. This alteration 
could not be due to increased steroid or epinephrine output during 
shock. 


irculatory failure produces complex nervous and 
humoral adjustments that result in a rapid increase 
in blood glucose level.'** As hypovolemia continues, the 
progressive rise in the glucose level changes to a persist- 
ent decline,- at least in experimental animals in shock. In 
man, severe injury and shock are associated with hyper- 
glycemia and an abnormality of glucose tolerance that 
persists after the injury.” 

The role of insulin in the metabolic alterations observed 
during and after shock remains unclear. Most studies of 
insulin in shock have measured blood insulin levels,'’-° 
which is an indirect measure of insulin production and the 
tissue’s response to the hormone under such adverse condi- 
tions. More recently, Hiebert et al have found a decrease 
in insulin secretory rate in monkeys during shock. In view 
of the lack of information concerning insulin action on tis- 
sues in shock, we have studied isolated rat soleus muscles 
from animals subjected to severe hemorrhagic shock 
(shock muscles) and determined the effect of insulin on 
glucose uptake under these conditions. The soleus muscle 
can be removed intact from the animals without cutting 
or damaging the fibers, and has proved very suitable for in 
vitro study." -° 
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Previous work from this laboratory™ has shown that in- 
sulin, at a concentration of 0.1 unit/ml, failed to stimulate 
glucose uptake in soleus muscle of normal rats in hemor- 
rhagic shock. This could be due to an increase in the level 
of adrenal steroids known to occur during shock.” To in- 
vestigate this possibility, muscles from adrenalectomized 
(ADX) rats were used. The results to be reported indicate 
that insulin (0.001 unit/ml) stimulated glucose uptake in 
control muscles, but had no stimulatory effect on ADX 
shock muscles. A stimulatory effect of insulin on glucose 
uptake in the latter muscles was observed only at insulin 
concentrations higher than 0.1 unit/ml. 


Methods 


Hemorrhagic Shock Procedure and Isolation of Soleus Muscle.— 
Male, albino Holtzman rats, weighing 70 to 90 gm were used in the 
present study. Bilateral adrenalectomy was performed with ether 
anesthesia through a dorsal incision, four to five days prior to the 
study. Following adrenalectomy, the animals were maintained 
with supplemental salt added to their drinking water. The animals 
were allowed salt water freely but not food for 16 hours prior to 
the experiment. The rats were anesthetized lightly with ether and 
both subclavian arteries were cannulated with polyethylene (PE- 
50) tubing. Hemorrhagic shock was then produced as described 
previously.” The animals were maintained at a pressure of 40 mm 
Hg for 1% hours. At the end of the shock period, the animals were 
killed and the two soleus muscles from each animal were quickly 
removed and treated as described below. Control muscles were ob- 
tained from ADX unfed rats treated in the same manner, ie, 
anesthetized, cannulated, given heparin, allowed to awaken, but 
not bled. Soleus muscles from ADX normal and shock animals 
weighed approximately 30 mg. 

Determination of Glucose Uptake.—As soon as the soleus muscles 
were removed, they were placed in 1.0-ml Krebs-Henseleit bicar- 
bonate buffer (pH 7.4), containing 10 to 25 mM glucose. Incuba- 
tions were carried out in a metabolic shaker for one hour at 37 C 
under an atmosphere of oxygen-carbon dioxide (95:5, v/v); shak- 
ing rate, 110 cycles per minute. Glucose uptake, glucose space, and 
raffinose space were determined as described previously.” Bovine 
insulin, when added, was used at concentrations ranging from 
0.00020 to 0.4 unit/ml. 


Results 


Effect of Glucose Concentration.—Glucose uptake in- 
creased with the increase in medium glucose concentra- 
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Table ` —Effect of Glucose Concentration on 
Glucose Uptake* 


Glucose Uptake, ,mol/gm/hr 








Glucese ir Control Shock 
Medium, mai Muscles Muscles 
10 7.9+0.5 7.4 +£ 0.7 
20 13.0 + 0.7 13.5 + 0.8 
15.4 + 1.2 


* Soleus mescies fram AD¥ control and shock rats were incu- 
Eated for one heur at 37 C ir 1.0 ml Krebs-Henseleit bicarbonate 
buffer (pH 7.4) contairing glecose concentrations from 10 to 25 
mM, atmosphe-e 95% 0,-5% 20,. See “Methods” for details. Each 
walue s mean of six determinations + SE. 





Table 2—Glucose Spaces in Rat Soleus Muscle* 


Glucose Space, mi/gm 






Medium Insulin in 
Concen- Medium, Control Shock 
tration, mM units mi Muscles Muscles 












a 0.10 = 0.02 0.09 + 0.01 

10 0.001 0.11 + 0.02 0.10 + 0.01 
10 0.2 0.10 + 0.01 0.09 + 0.02 
20 Bie 0.17+0.01 0.15 + 0.02 
20 0.1 0.16 + 0.02 0.17 + 0.02 
25 ee 0.19 + 0.01 0.18 + 0.01 
0.18 + 0.02 0.17 + 0.02 









C.21 + 0.02 0.21 + 0.01 
C.21 + 0.01 0.21 + 0.03 


* Incubation conditiors: one hour at 37 C; atmosphere, 95% Oy 
52⁄4 CO,. For details, see “Methods.” Raffinose space was measured 
ir seperate experment. Values are mean of six determinations + SE. 





tien (Table 1. Control and shock muscles showed similar 
glicose uptake values at lewer as well as at higher me- 
diim glucose zoncertratims. Since glucose uptake in- 
creased with te inerease in medium glucose concentra- 
tien, it indica:ed that in APX animals, hemorrhagic shock 
per se did no: produce any damage or alterations at the 
glicose carrier site. Nor was there any effect of shock on 
tle aceumulazion of free glucose in the muscle. This is 
demonstrated by the fact that the glucose spaces did not 
exceed the ex-racellular spece (Table 2). The extracellular 
space, measured by using raffinose as a marker, was the 
sane im contro and shock muscles indicating that shock 
pæ se did not produce any change in the extracellular vol- 
urae of the muscle in vitro. 

Zffeet of Insalin on Glucose Uptake.—Although basal glu- 
cose uptake im shock muscies appeared to be unaffected, 
in-ulin at a concentration of 0.00020 to 0.1 unit/ml, which 
stamulated glucose upzake ia control muscles, had no stim- 
uletory effect om shock musdes. A stimulatory effect of in- 
suin oa glucose uptake in saock muscles was however, ob- 
served at insulm concentrations higher than 0.1 unit/ml 
(F gure). The Figure also shows that glucose uptake char- 
ac eristics in the presence of insulin were altered in shock 
mescles. Whereas maximal uptake was observed at insulin 
coacen ration of 0.001 unit. ml! in control muscles, it was 
noc demonstret2d in shock muscles at any concentrations 
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Table 3.—Effect of Insulin on Glucose Uptake* 


Glucose Uptake, ,mol/gm/hr 
Control Muscles Shock Muscles 


Atmosphere Basal Insulin Basal insulin 
Aerobic 8.0+0.7 17.414 7.6+07 7.9408 
Anaerobic 15.00+1.0 28.1+1.7 15.2+0.8 156+0.7 


* Muscles from ADX normal and shock animals were incubated for 
one hour at 37 C in 1.9 mi Krebs-Henseleit bicarbonate buffer (pH 
7.4) containing 10 mM glucose in presence of insulin (0.1 unit/ml); 
atmosphere, 95% 0,5% CO, or 95% N75% CO,. Each value is 
mean of six determinations + SE. 
















below 0.2 unit/ml. The shape of the glucose uptake curve 
obtained in control muscles was also different from that of 
shock muscle. Whereas the glucose uptake curve of control 
muscle appeared to have the shape of a section of a rec- 
tangular hyperbola, the shock muscle data produced a sig- 
moidal curve (Figure). 

Effect of Anoxia.—As shown above, muscles from ADX 
shock rats did not respond to 0.1 unit/ml insulin. This led 
us to determine whether these muscles would respond to 
anoxia in vitro. It can be seen from Table 3 that glucose 
uptake under anaerobic conditions increased both in con- 
trol and in shock muscles. Even under these conditions, ie, 
when glucose uptake was higher, shock muscles did not 
show any further increase in glucose uptake in the pres- 
ence of 0.1 unit/ml insulin. 


Comment 


Considerable controversy exists concerning the levels 
and response of plasma insulin during hemorrhagic 
shock.'*!"415 These studies, however, were designed to 
measure serum insulin and glucose levels. The concentra- 
tion of insulin in peripheral venous blood is an imperfect 
reflection of organ function. Recently, Hiebert et al have 
been able to calculate the insulin secretory rate in mon- 
keys during shock by measuring portal vein plasma flow 
and the insulin concentrations in portal and arterial blood. 
They found a large and progressive decrease in the insulin 
secretory rate with shock in spite of an increase im the ar- 
terial concentration of insulin late in shock. This study, 
however, provided no information about the effect of insu- 
lin on tissues during shock. Therefore, we examined the 
effect of insulin on a specific tissue in order to explore 
whether there was any change in the responsiveness of 
tissues to insulin in shock. 

Glucose uptake in ADX control and shock muscles in- 
creased with the increase in medium glucose concentra- 
tion and uptake values were similar in both groups of 
muscles (Table 1). This indicates that shock per se did not 
produce any damage or alterations at the basal glucose 
carrier site. The fact that glucose spaces did not exceed 
the extracellular space even at high medium glucose indi- 
cates that there was no accumulation of free glucose in 
the muscle mass in control as well as in shock muscles 
(Table 2). Thus, transport and not phosphorylation of glu- 
cose, seemed to be the rate limiting step in glucose uptake 
in both groups of muscles. 
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Effect of insulin on adrenalectomized (ADX) control and shock 
muscles. Soleus muscles from ADX control and shock muscles were 
incubated for one hour at 37 C in 1.0 mi Krebs-Henseleit bicarbon- 
ate buffer (pH 7.4) containing 10 mM glucose and insulin from O to 
0.3 unit/ml. Glucose uptake was measured as described in ‘“‘Meth- 
ods.” Each point is the mean of six determinations. 


Although basal uptake in control and shock muscles was 
the same, control but not shock muscles responded to the 
stimulatory effect of 0.1 unit/ml insulin under aerobic con- 
ditions. It has been well documented that insulin produces 
maximal stimulation of glucose uptake at a concentration 
of 0.001 unit/ml.** Both of the above groups of muscles, 
however, showed increased glucose uptake under anaero- 
bic conditions. Insulin (0.1 unit/ml) under anaerobic condi- 
tions as under aerobic conditions produced a stimulatory 
effect on control muscles but not on shock muscles. The 
fact that shock muscles responded to anoxia but not to 0.1 
unit/ml insulin indicates that in shock muscles insulin 
and anoxia must affect glucose uptake through separate 
mechanisms. 

Although insulin failed to produce a stimulatory effect 
on glucose uptake in shock muscles at a concentration of 
0.1 unit/ml, the effect of insulin was seen at a concentra- 
tion greater than 0.1 unit/ml (Figure). Maximal stimula- 
tion of glucose uptake in shock muscles was observed at a 
concentration of 0.2 unit/ml insulin, which is 200 times the 
concentration required to produce maximal stimulation in 
control muscles. The present study thus provides the first 
direct evidence that hemorrhagic shock diminished the tis- 
sue’s ability to respond to insulin. This may help to ex- 
plain why patients in shock or after show a diabetic-type 
defect in glucose tolerance.’ If, as indicated by Hiebert 
et al,° there is decreased insulin secretion during shock 
and, as indicated in this study, there is insulin resistance 
at the tissue level, these two abnormalities would be addi- 
tive in producing problems of glucose metabolism after in- 
jury. 

Previous work” has shown that in non-ADX rats, insu- 
lin at a concentration of 0.1 unit/ml failed to stimulate 
glucose uptake in shock muscles. Further experiments 
have now indicated that in non-ADX rats, insulin pro- 
duced its stimulatory effect in shock muscles at concentra- 
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tions greater than 0.1 unit/ml. Maximal stimulation in 
glucose uptake in these muscles was observed at an insulin 
concentration of 0.2 unit/ml, which is also the concentra- 
tion required to produce maximal effect in ADX shock 
muscles. A number of possibilities can account for the 
variation in insulin responsiveness to tissues obtained 
from non-ADX shock rats. The studies of Munck” have 
shown that glucocorticoids in vivo as well as in vitro at low 
concentrations inhibited glucose uptake by adipose tissue. 
Plager and Matsin” also found that glucose metabolism 
was inhibited in the presence of hydrocortisone and that 
hydrocortisone diminished the insulin response. Similarly, 
Manchester et al found that in vivo steroid hormone ad- 
ministration resulted in reduced glucose uptake of subse- 
quently isolated rat diaphragms and diminished the rise 
in glucose uptake induced by insulin. The blood levels of 
epinephrine and hydrocortisone are known to increase 
during shock.’ Thus it is possible to explain the results of 
Bauer et al° and other investigators" showing de- 
creased responsiveness to insulin on the basis of the in- 
creased levels of epinephrine and hydrocortisone seen in 
shock. It is also possible that in non-ADX animals, the in- 
creased levels of corticosteroids during shock could have 
diminished the insulin responsiveness in shock tissues.” 
However, it is unlikely that high blood levels of epineph- 
rine and hydrocortisone could be the reason for the insulin 
resistance in the present study since these studies were 
conducted in ADX rats. Moreover, preliminary experi- 
ments from our laboratory have indicated that glucocorti- 
coids inhibited the insulin effect on sugar transport only 
when present at a concentration of 10-*M (I.H. Chaudry, 
PhD, et al, unpublished data). It is unlikely that glucocor- 
ticoids could increase to such levels during shock.” Thus it 
appears unlikely that even in non-ADX rats the altered 
insulin responsiveness was due to the altered metabolism 
of muscle by glucocorticoids prior to its removal. The pres- 
ent studies using ADX rats indicated that glucocorticoids 
were not responsible for the altered tissues response to in- 
sulin during shock. 

Preliminary experiments have also indicated that in 
non-ADX shock muscles, the altered insulin responsive- 
ness was not due to any alterations in the muscles ability 
to bind insulin (I.H. Chaudry, PhD, et al, unpublished 
data). Thus the altered response of tissues to insulin dur- 
ing shock seems to be due to factors other than increased 
glucocorticoid level and altered capability of tissues to 
bind insulin. 

Since basal glucose uptake was not altered in shock 
muscles but higher concentrations of insulin were re- 
quired to produce stimulation of glucose uptake it seems 
that only the insulin-sensitive glucose uptake mechanism 
was affected in shock. Previous work by Chaudry and 
Gould" has indicated that insulin increased glucose up- 
take by promoting binding of glucose to the sugar carrier 
molecule and that insulin was directly involved in this pro- 
cess. It appears that in shock the promotion by insulin of 
the binding of glucose to the carrier was altered. The stud- 
ies of Holden et al suggest that cellular swelling occurs 
during hemorrhagic shock but not during hypoxia. It is 
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possible that such swelling might cause conformational 
changes in -Fe cell membrane, thereby altering the pro- 
motion by iasulin of the binding of glucose to the sugar 
earrier mechenism. The sigmoidal nature of the glucose 
=ptake curv2 in shock muscles suggests that this altera- 
Sion might valy be a qualitative change (Figure) since 


there was n> quantitative change in the insulin binding 


Zself to tissues in shock (LH. Chaudry, PhD, et al, unpub- 
ished data). Wherezs the rectangular-hyperbolic relation- 
ship observed with control muscles suggests a single bind- 
ng site on tne sugar carrier, the sigmoidal nature of 
glucose uptak> in shock muscles could indicate a multiple 
Hinding site carrier mechanism. It may be postulated that 
an alteration n the sugar carrier mechanism (single site 
multiple s-tə could occur due to an aggregation of more 
tan one singe site carrier molecule in the membrane in 
sock. At present, it is not possible to single out a meta- 
bolic ør circulatory phenomenon in shock that might pro- 
ice the obs2rved insulin-related cellular alteration. 


This investigatien was supported by Army contract DADA-17-69-9165 
ad Public Health Service grant =RO-1-HL-12278-05. 
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Starvation, Glucose, and 
Stress Ulcers in the Rat 


John F. Mullane, MD, PhD; 2LT Robert L. Pyant, Jr., MC, USA; 


Robert G. Wilfong; 2LT Warren Dailey, MC, USA 


Stress ulcers frequently occur in posttraumatic or septic patients 
who may have inadequate caloric intake. This problem was evaluated 
by studying the response to restraint stress of rats that were starved 
or had 1.0, 2.5, or 5.0 gm/100 ml glucose as their drinking solution 
for four days. Control rats had a caloric intake of 39 calories per day 
while rats drinking 5 gm/100 ml glucose had 13 calories per day. 
When starved rats were analyzed against control rats, the starved 
rats had a substantial increase in restraint-induced gastric lesions. 
This increase did not occur in rats drinking 5 gm/100 ml glucose, 
but did occur in those drinking 1.0 or 2.5 gm/100 mi glucose. 
Weight loss, hypernatremia, and arterial blood pressure were factors 
that were different in starved rats and rats fed 5 gm/100 ml glucose. 
These studies suggest that a critically low glucose or caloric intake 
may account in part for gastric lesions in the stressed patient. 


M possible etiological factors are present in 
patients who develop stress ulcers.' Usually, these 
patients cannot eat and require intravenous nutritional 
support. Lack of oral intake and weight loss could be im- 
portant features that contribute to the development of 
stress ulcers. Experimentally, the incidence of gastric ero- 
sions was higher in rats that were deprived of food for 48 
hours and then subjected to restraint stress than in their 
paired controls.’ 

To further evaluate the effect of weight loss and de- 
creased caloric intake on stress ulcer formation, rats were 
starved or given varying concentrations of orally adminis- 
tered glucose as the sole source of nourishment for four 
days and were then subjected to seven hours of restraint 
stress.*° The effect of starvation and graded oral glucose 
ingestion on gastric acid production, in vitro oxidative 
metabolism of gastric tissue slices, and arterial blood pres- 
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sure, pH arterial carbon dioxide pressure (Pco,), oxygen 
pressure (Po,), sodium, potassium, glucose, urea, and 
creatinine levels were studied in the event these factors 
were adversely affected by decreased caloric intake. Since 
gastric absorption of glucose must be distinguished from 
the systemic caloric action of glucose, separate studies 
were performed with phlorizin®’ to see if active glucose 
transport occurred in the rat’s stomach. 


Methods 


Male Wistar rats weighing 35 to 120 gm were housed in a room 
maintained at constant temperature and humidity and were fed a 
similar diet before being divided into experimental subgroups. 
The commercial rat food contained the following in each gram: 
5,000 USP units vitamin A, 2,200 USP units vitamin D, 0.04 mg 
niacin, 0,02 mg pantothenic acid, 0.01 IU vitamin E, 1 mg choline, 
0.003 mg thiamine, and 0.01 mg riboflavin. During the experimen- 
tal period, the rats were divided into groups with similar mean 
weights and housed one to a cage in the same animal room. The 
rats were coded so that individual weight variations could be 
recorded. Control rats had free access to food and water until 20 
hours prior to restraint when food was removed. Starved rats re- 
ceived only water for 96 hours prior to restraint. Rats given 1.0, 
2.5, and 5.0 gm/100 ml concentrations of glucose in their drinking 
water did not receive food for the 96-hour period. 

Restraint.—The effect of restraint stress on the stomach was 
studied in two groups of rats. The first group consisted of control, 
starvation, and 5.0 gm/100 ml glucose ingestion; the second group 
consisted of control, 1.0, 2.5, and 5.0 gm/100 ml glucose ingestion. 
Rats were restrained in individual sheets of wire mesh screen 
molded to fit the contour of their bodies.* Seven hours later, rats 
were removed from the screening, decapitated, and their stom- 
achs removed and examined as previously described. Lesions 
were classified as grade 1 or 2 erosions. Grade 1 erosions varied 
from minute superficial areas of petechial hemorrhage to discrete, 
punched-out areas with clotted blood in the base. Grade 2 lesions 
were greater than 1 mm in greatest dimension and were usually 
linear in shape and located along the rugal folds. 

Caloric Intake.—Caloric intake was measured in ten control rats 
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Group 
Control (C) 


Table 1.—Starvation, 5% Glucose, and Gastric Erosions 


Original Weight, 
gm 
75+ 20 


Gastric Erosions, 
Lesions per Stomach 


Grade 2 
0.6+2.4 


AWeight, gm 
+1.8 + 9.9 


Starvation G) 


5% glucose (G) 

Probability 
Cvss 
CvsG 
SvsG 


77 +19 
76+=19 


>.6 
Pt 
>.8 


—21.1568 
—4.2 + 7.4 


7.8 + 7.1 
0.4 + 0.9 


<.001 ) ‘ <.001 
>.05 ‘ >.7 


<.001 s <.001 


Group 


Table 2.—Gastric Erosions and 1.0, 2.5, and 5.0% Glucose 


Original Weight, 


Gastric Erosions, 
Lesions per Stomach 


Grade 1 Grade 2 


ee 
AWeight, gm 


Control (C) 


gm 
85 +15 


+0.9 = 6.3 14 +10 0.1 + 0.3 


~ oaa - aaa a n a © sa e See a genase. 


2.5% glucose (2.5% G) 
5.0% glucose (5% G} 
Prebability 

Cvs 1%6 

Cvs 2.5%6 

Cvs 5%6 







Ne. 
Weight, gm 
Catories perday 


Catories perday per 100 
gm body weight 





No 


Table 3.—Caloric Intake 


Controls 5°% Glucose 
10 10 

53+ 12 50+ 7 

39+10 112 


74+18 


83 + 15 
85+ 15 
86 + 16 


Pd 
>.9 
>.7 


23+4 


—18.5 = 5.2 
—16.9 + 6.4 
—7.5 + 5.8 


32 + 17 
25 + 18 
11 14 


3.6 + 4.9 
3.5 + 4.6 
0.5 £ 1.1 


<.001 +) 00) <.01 
<.001 <.02 <.01 
<.001 <.3 >.1 





Table 4.—Arterial Pressure, pH, Pco,, and Po, 










Mean 
Arterial 
Pressure, , Po., 
Group No. mmHg pH mmHg mmHg 
Control (C) 10 12628 7.36 37.3242 78+9 
Starvation (S) 13 97215 7.35 251239 96214 
5% glucose (G) 10 108+11 7.40 23.1+3.5 89=+11 
Probability 
CvsS <.001 >.7 <.001 <.001 
CvsG <.001 >05 <.001 <.001 


Svs G <.05 od >.2 >.1 








Table 5.—Arterial Chemical Profiles 


Control 
18 


Starvation 5% Glucose 


. 20 20 


Creatinine, mg/100 mi 
Urea, mg/100 ml 
Glucose, mg”100 ml 
Sodium, mEe Aliter 
Potassium, mEq /liter 
* P<.05 


t P <.01 
+P <.001 
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0.58 + 0.06 
23 + 10 
95 + 14 

143 +6 
4.4 + 0.4 





0.61 + 0.06 
32 + 13T 
92 + 20 

150 + 4ł 
4.0 + 0.5* 


0.56 + 0.06 
47 + 144 
87 + 17 

14544 
3.8 + 0.6ł 
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and in ten rats for each concentration of glucose. Results are ex- 
pressed as caloric intake per day and as caloric intake per day per 
100 gm body weight. 

Arterial Blood Pressure, pH, Pco., and Po,.—Mean carotid arterial 
blood pressure was measured with a calibrated pressure trans- 
ducer in control, starved, and 5 gm/100 ml glucose fed rats. Two 
hours prior to arterial pressure measurements, rats were anesthe- 
tized with ether and the right carotid artery was cannulated with 
a PF 50 catheter.** At the time of pressure measurements, the 
rats had fully recovered from anesthesia. After the pressure was 
recorded, 1 ml of arterial blood was withdrawn for measurement 
of pH, Pco,, and Po,.**° 

Arterial Chemical Profiles.—Plasma sodium, potassium, glucose, 
and creatinine values were measured with a flame photometer or 
autoanalyzer at 96 hours in control, starved, and 5 gm/100 ml glu- 
cose fed rats. Control rats had been fasted for 20 hours prior to 
study. The rats were anesthetized with ether, their abdomens in- 
cised, and blood drawn from the abdominal aorta. 

Gastric Acid Production and Mucosal Oxygen Uptake.—Gastric 
acid collections and in vitro tissue respiration studies were per- 
formed at 96 hours in two groups of rats, each composed of con- 
trols, starved rats, and rats that drank a 5 gm/100 ml glucose solu- 
tion. Four-hour gastric acid collections were performed as 
previously described.° The esophagus and pylorus were ligated 
and 3 ml of saline were injected into the stomachs. Four hours 
later the stomachs were removed and the contents emptied and 
measured for volume and total acid content. 

In vitro tissue respiration of mucosal slices from the gastric 
fundus was measured with a biological oxygen monitor. Krebs- 
Ringer solution (pH, 7.4) was used for the bath. Results are ex- 
pressed as microliters of oxygen per milligrams of dry weight per 
hour. 

Phlorizin and Equilibration of Glucose Solutions in Gastric Lu- 
men.—Two groups of normal rats were fasted for 24 hours and 
then had their esophagus and pylorus ligated while anesthetized 
with ether. Each group had a different concentration, (group 1: 4.4 





Table 6.—Four-Hour Gastric Collections 










Acid Con- Total Acid 
centration, Content, 
Group No. Volume, mi ug/ml ug/4 hr 


Control 14 3.3 + 0.3 15.4 + 7.5 51 + 28 
Starvation * 13 2.9 + 0.5 13.3 + 5.5 4118 
5% glucose* 13 3.0 + 0.4 16.3 + 8.0 48 + 30 


* Values not significantly different from controls. 



























mg/ml; group 2: 46 mg/ml) of a 3-ml solution of glucose injected 
into their stomachs. In addition, within each group, half the solu- 
tions contained phlorizin (group 1: 2.1 x 10-*M; group 2: 2.1 x 
10-*M).*°"* Two hours later, the rats were anesthetized with ether, 
their stomachs removed, and the contents measured for volume 
and glucose content. 

The initial volume and concentration of glucose injected were 
determined on nine separate samples for each of the four test so- 
lutions. Gastric luminal glucose content was determined by auto- 
analyzer. 

Presentation of Data.—Numerical data are expressed as a mean 
plus or minus one standard deviation of the mean. Statistical sig- 
nificance was determined by the unpaired t test. For calculation of 
mean pH, individual pH values were converted to hydrogen ion 
concentrations, mean hydrogen ion concentration determined, and 
this value reconverted to pH units. 


Results 


Gastric Lesions With Restraint Stress.—After seven hours 
of restraint stress, the starved rats had a greater number 
of grade 1 and 2 erosions than controls (Table 1). How- 
ever, rats that drank 5 gm/100 ml glucose for four days 
did not have an increased incidence of gastric lesions 
(Table 1). When graded concentrations of glucose were 
given as the drinking fluid, there was an increased num- 
ber of grade 1 and 2 erosions in rats that drank 1.0 or 2.5 
gm/100 ml glucose solutions. Rats that drank 5 gm/100 ml 
glucose again had a similar number of lesions as the con- 
trol (Table 2). Rats drinking 5 gm/100 ml glucose did not 
lose as much weight as starved rats or rats drinking 1.0 or 
2.5 gm/100 ml glucose. 

Caloric Intake.—The rats that drank a 5 gm/100 ml glu- 
cose solution received only 30% as many calories as the 
controls (Table 3). The water intake for the controls was 
13 + 2 ml/day, while it was 65 + 9 ml/day for rats drink- 
ing 5 gm/100 ml glucose. Rats drinking 2.5 gm/100 ml glu- 
cose had an intake of 42+ 11 ml/day, and those drinking 
1.0 gm/100 ml glucose had 19 + 2 ml/day. 

Arterial Blood Pressure pH, Pco,, and Po,.—Rats that 
drank a 5 gm/100 ml glucose solution and starved rats had 
a lower mean carotid arterial pressure and arterial Pco, 
and a higher arterial Po, than controls (Table 4). The 
mean arterial pressure was lower in starved rats than in 
those drinking 5 gm/100 ml glucose. 

















* Phiorizin, 2.1 X 10-4 M. 
t Phlorizin, 2.1 X 10-3 M. 
#P<.01. 

§ P<.001. 
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Table 7.—Gastric Absorption of Glucose 












Base Line Sample Two-Hour Sample 
a I al a TR S r ER, 
Glucose Total Glucose Total 
Concentration, Glucose Concentration, Glucose 
No. Volume, ml mg/ml Content, mg No. Volume, ml mg/ml Content, mg 
Glucose solution 
4.4 mg/ml G 2.97 + 0.02 4.38 + 0.19 13.1 + 0.6 12 3.54 + 0.60§ 3.81 + 0.63§ 12.8 + 0.5 
46 mg/ml 9 2.96 + 0.03 46.3 + 1.4 137 +2 12 3.84 + 0.388 35.2 + 3.15 134+18 
Glucose solution 
with phlorizin 
4.4 mg/mi* 9 2.95 + 0.03 4.39 + 0.06 13.0 0:2 14 3.02 + 0.26t 4.16+0.44 12.5 +1.3 
46 mg/mit 2.98 + 0.04 46.4+1.3 138+4 15 3.44 + 0.24§ 38.5 + 1.68 132+9 
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Arterial Chemical Profiles.-Rats that were starved or 
@rank 5 gm/\C@ml glucose solution had arterial creatinine 
and glucose similar to controls. The plasma urea value was 
iacreased and the potassium value decreased in starved 
rats and in rats that drank 5 gm/100 ml glucose. The 
fiasma sodium level was increased in starved rats (Table 
3. 

Gastric Acdc Production and Mucosal O, Uptake.—Acid 
production (Table 6) and m vitro mucosal oxygen uptake 
vere similar in 13 control rats, 12 starved rats and eight 
rats that drerk 5 gm/100 ml glucose (4.1 + 1.0, 4.1 + 1.1, 
41+ 11pl o oxygen per milligrams of dry weight per 
hour, respectively). 

Intralumins! Glucese Sclutions.—With both concentra- 
tons of glue@se, no 3ubstential transport of intraluminal 
glucose from the stomach occurred. Net movement of wa- 
ter into the stomach did oecur, and this reduced the origi- 
ral intraluminal glucose concentration. The results were 
the same wi-}, and withoat phlorizin (Table 7). 


Comment 


Controlled:scudy of the role of nutrition in development 
« stress ulcers has rot been performed in man. In a non- 
controlled clin cal study, the incidence of stress gastric le- 
sons was reduced when patients were treated with vita- 
min A.? However, when vitamin A was given prior to 
ssress in the rat, protection from stress-induced gastric le- 
sons was nat observed. Vitamin A did protect the rat’s 
ssomach from the effects of methylprednisolone acetate 
ziministration.“ Riboflavin deficiency” and starvation? s 
were other factors that have increased the susceptibility 
to gastric leis in the stressed rat. Administration of an 
eemental di2t has cecreasec the incidence of gastric le- 
sons in the darned rat’ ar in the pig after blood loss." 

In the present study, vitamin deficiency was a constant 
factor. While control rats were fed a diet with vitamin 
sapplements either the starved or glucose-fed rats re- 
ceived any exqgenous vitamins during the four days prior 
te stress. Variation in the earbohydrate intake and, hence, 
in the caloric ivtake and degree of nitrogen sparing, were 
tae sole nutritional factors evaluated in this study. 

A eritical degree of glu@se intake did protect the rat’s 
gastric mucose from the e‘fects of stress. A caloric intake 
(© gm/100 m glucose) that was 30% of that taken by non- 
fasted rats prevented an increase in number of stress gas- 
tric lesions wh le one (2.5 gm/100 ml glucose) that was 10% 
o7 normal did not. The rats that drank 5 gm/100 ml glu- 
case lost considerably less weight than those that were 
s arved or drank a selutior with 1.0 or 2.5 gm/100 ml glu- 
ease, The glucose-fed and starved rats had a substantial 
fll in mean a-terial pressare, but the pressure decreased 
less in rats drinking 5 gm/100 ml glucose. Hyper- 
ventilation was not £ factar affecting the susceptibility to 
sress gastrie lesions since 5 gm/100 ml glucose fed and 
starved rats ħed similar pF , decreased Pco,, and increased 
P.. The substantial increase in plasma sodium occurring 
with starvation did not occur when rats drank 5 gm/100 
wl glueose. The absence of hypernatremia may be impor- 
tant since hyp2rnatremic rats have an increased suscepti- 
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bility to stress-induced gastric lesions.’ Acid secretion 
and in vitro mucosal oxygen consumption were normal in 
the starved and glucose-fed rats. Although intraluminal 
glucose will protect the small intestine from injury during 
ischemia,” it is unlikely that this was a factor in the rat’s 
stomach after glucose ingestion since substantial active 
transport or diffusion of glucose was not demonstrated. 

Since a critical degree of glucose or caloric intake was 
needed to prevent an increased susceptibility to stress 
gastric lesions in the rat, it is possible that the combina- 
tion of a hypermetabolic state and low caloric intake in 
the stressed surgical patient might increase the likelihood 
of stress gastric bleeding. Use of an elemental diet? or 
parenteral nutrition” to provide adequate nutrition to the 
critically ill patient might contribute to a decreased inci- 
dence of stress ulcers. 
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Regeneration of the Vascular System in 


Experimental Peripheral Nerve Grafting 


Yasusuke Hirasawa, MD; Takefumi Morotomi, MD; Toshichika Fujii, MD; 


Ryonosuke Oda, MD; Katsuya Nakatani, MD; 
Takao Tokioka, MD 


Regeneration of the vascular system in the experimental nerve 
heterografts was studied stereoscopically and histologically, using 
peroneal nerves of 27 mongrel adult dogs. 

Comparison was made between radiated and nonradiated nerve 
grafts. Two types of arterial proliferation in and around the graft 
were found after nerve grafting: (1) extraneural proliferation of the 
vessels around the graft, most prominent at the third to sixth week 
after grafting and more extreme in nonradiated grafts, and (2) in- 
traneural proliferation of the vessels, which began at the third week 
and became complete at the 24th week after grafting. In the radiated 
group, this type of proliferation traversed the graft longitudinally, 
forming regular bundles in the graft. 

The evidence suggests that radiation of the nerve segments has 
the definite advantage of producing a regular pattern of the regen- 
erating vascular system in the nerve heterografting. 


Ox the first nerve heterografting by Gluck (1880): 
and Johnson (1919),? numerous experimental and clin- 
ical trials*'° have been made, but most failed because of 
the severe rejection reaction. 

Marmor (1963)'' and Campbell et al (1963)? improved 
the method for the sterilization of the graft and the sup- 
pression of the rejection mechanism in the recipient using 
high-voltage radiation, and reported some success in ex- 
perimental studies. 

The blood supply of peripheral nerves was first investi- 
gated by Hyrtl (1859)."° Adams (1942)'* and Sunderland 
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(1945) showed that each peripheral nerve is vascularized 
abundantly throughout its entire length by a succession of 
divisions and anastomoses. Tarlov (1944)'* insisted on the 
importance of the blood supply of the regenerating nerve 
trunk in order to obtain successful nerve grafting. Ed- 
shage (1964)" and Huebner (1968)'* also demonstrated the 
vascular pattern of the nerves with a microangiographic 
method. Since the work by Bunnell (1959),° there have 
been few experimental studies of vascularization of pe- 
ripheral nerve grafts. 

Using the radiated and nonradiated nerve heterografts 
in adult dogs, we studied the development of the vascular 
system in the grafted tissue. 


Material and Methods 


Twenty-seven mongrel dogs weighing about 10 kg were used in 
this experiment. 

The grafts used for this experiment were obtained within six 
hours after death from human cadavers under conditions that 
were as aseptic as possible. They were immediately packaged in 
heat-sealed polyethylene bags and frozen to —24 C in the deep- 
freeze. 

Twelve segments of the nerve were radiated with 2x 10° roent- 
gen equivalents physical (rep) using an electrostatic accelerator. 
The radiation was done at a rate of 1.5 x 10° rad/sec ina dry-ice 
alcohol bath, at the Institute of Japanese Atomic Energy Re- 
search, Osaka, Japan. 

The other 12 nerve segments were stored in a deep-freeze at 
—24 C without radiation. 

Dogs were anesthetized with intravenous injections of pento- 
barbital (Nembutal) sodium (25.0 mg/kg body weight). The left 
hind limb was shaved and prepared with benzakonium chloride. 

The operation was performed under aseptic conditions. 

A 10-cm longitudinal incision was made on the lateral thigh, 
over the border of the vastus lateralis and biceps femoris and 
down to the fibular head. The peroneal nerve was exposed atrau- 
matically and a 2-cm segment of the nerve was removed to pro- 
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duce a 3-cm gap, 5 cm away from the fibular head. The 3-em ra- 
diated nerve graft was fixed to the proximal and distal stumps 
using three mcerrupted 7-0 nylon sutures at each stump (Fig 1). 

The wounc was closed with several interrupted 3-0 chromic su- 
tures. 

The radiatee nerve segments were grafted in 12 dogs. A 3-cm 
monradiated nerve segment was grafted as a control in the same 
manner in 12 ether dogs (grafted group). 

Three dogs were used to obtain the normal vascular pattern of 
the peroneal nerve (normal group). 

The dogs were killed at the third, sixth, and 24th week postoper- 
ativety (four each from the radiated and the nonradiated groups 
at each period) by cutting the carotid artery, and about 50 ml of 
-ed acrylic rsin was injected through the distal external iliac ar- 
ery, using the injection method of Taniguchi et al.” 

Two dogs eaeh from the radiated and nonradiated group at the 
ntervals abovementioned were subjected to procedure 1 and the 
ether two to osecedure 2. 

Procedure _: After the completion of the resin injection, the ex- 

remity was amputated at the inguinal region and stored in a bath 
«f 15% sodium Lydroxide solution for ten days. Then, the corrosion 
specimen was produced by removing necrotic caseous masses 
-rom the treated extremity and rinsing gently with running wa- 
wr. 

Procedure & The resin-injected tissue was subjected to histolog- 
Eal examinat.on (hematoxylin-eosin and Bodian stains), without 
heing-dipped m the sodium hydroxide bath. The tissues were sec- 
tioned serially, 60 to 120u in thickness. 

The specimers were observed under the stereoscopic microscope 
with transillum nation and by the refraction method. 

High-quality -aree-dimensionel pictures of the vessels were ob- 
tained by proeedure 1 and the comparative histological examina- 
tons were camræd out by procecure 2. 


Results 


Normal Group.—The nutrient arteries of the peroneal 
lrve consis:ed mainly of branches from gluteal artery, 
ep artery ef thigh, and muscular branches of the small 
saphenous artery. The arterial pattern of the nerve trunk 
was composed of two main plexuses, extraneural and in- 
traneural. 

Extraneurat Vessels.—Each nutrient artery lay in the 
tlin connect2v= tissue layer, the so-called mesoneurium, 
aad divided irto ascending and descending rami; these 
cemmunicated with longitudinal arteries of the nerve in 
the epineurium. 

The epineural artery consisted of one or two longi- 
tudinal arters that branched in the epineurium to form a 
plexus of thin, winding vessels, communicating by trans- 
verse vessels. 

Intraneural Vessels.-The arteries whose caliber corre- 
sponded to arterioli perforated the perineurium and gave 
branches in various directions, thus forming the intraneu- 
ra arterial pa-tern. Among the abundant anastomoses, 
senewhat syw-metrical branching produced a herring- 
bame-like app2erance. Some of these branches showed T- 
type branching. The capillaries ran mostly in a longi- 
tudinal directien between the nerve fibers and formed 
meshworks wt. transverse branches. 

No portions 3f the nerve were found to have a poor 
bleod supply {sree abundant and homogenous branches of 
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Fig 1.—Method of nerve grafting; T, nerve graft. 


Fig 2.—Arterial plexus of normal peroneal nerve, 5-cm proximal 
portion from fibular head (corrosion specimen, X 20). Branch of nu- 
trient artery, B. 
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Fig 3.—Marked proliferation of fine vessels at sutured portion and 
around graft in nonradiated case after three weeks of grafting (ob- 
served by refraction method after resin injection, x 20). 


Fig 5.—Small funiculus of regenerating nerve fiber (NF) that con- 
tained fine regenerating vessels in graft of radiated case six weeks 
after grafting (thickness of section: 80u; observed by transillumina- 
tion method after resin injection and hematoxylin-eosin stain, 
x 400). 
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Fig 4.—Relatively regular, fine vessels at proximal nerve trunk and 
surrounding tissue in graft of radiated case three weeks after graft- 
ing (observed by refraction method after resin injection, x 20). 


Fig 6.—Proliferated extraneural vessels that surrounded nerve 
graft in nonradiated case 24 weeks after grafting (corrosion speci- 
men, X 20). 
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Fig 7.—Extrareural proliferation of fine vessels in radiated case 
24 weeks after grafting; tube compressed flat for observation (cor- 
osion specire, X 40). 


fig 9.—Intrareural proliferation of fine vessels in radiated case 
=4 weeks afte zrafting (corrcsion specimen, x 40). 
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Fig 8.—Intraneural proliferation of fine vessels in nonradiated 
case 24 weeks after grafting (corrosion specimen, X 40). 


Fig 10.—Vascular patterns (EP and IP) of funiculus of regenerat- 
ing nerve in graft in radiated case 24 weeks after grafting (thick- 
ness of section: 80u; observed by transillumination method, x 80). 





the blood vessels were directed into the nerve trunk (Fig 
2). 

Grafted Group.—Three Weeks After Grafting.—Ex- 
TRANEURAL VESSELS.—In the nonradiated specimens, re- 
markable proliferation of the fine blood vessels was noted 
around the edematous nerve graft. Fine blood vessels ap- 
peared vine-like and tortuous, forming anastomoses again 
after branching. These were intermingled, and began to 
` enter the outermost portion of the nerve graft. Especially 
in the sutured portion, the shape was variable, some show- 
ing a large curve, some branching during their course (Fig 
3). 

In the radiated specimens, on the other hand, relatively 
regular fine blood vessels were found to grow into the epi- 
neurium from the surrounding tissues and to enter the tis- 
sue of the graft (Fig 4). 

INTRANEURAL VESSELS.—The blood vessels that entered 
the graft from proximal and distal nerve stumps became 
prominent, but had no definite pattern of regeneration in 
any case. 

Only in the radiated specimens, rectilinear or slightly 
tortuous fine blood vessels were found extending into the 
graft longitudinally and forming several bundles (Fig 4). 
None of these, however, traversed the full length of the 
graft, and the vascularization stopped at 0.8 to 1.0 cm 
from the stumps on both sides. 

There was no obvious difference of the vascular pattern 
between proximal and distal nerve trunks. 

Sia Weeks After Grafting._In general, regenerating 
fine blood vessels at this stage showed more intense tor- 
tuosity and branching than those in the third week. 

EXTRANEURAL VESSELS.—In nonradiated specimens, 
vine-like fine blood vessels branching in various directions 
had proliferated showing extreme tortuosity suggesting 
intense inflammation. Such proliferation was especially 
intense at both sites of suturing, with the appearance of 
numerous new blood vessels from the stump. 

In the radiated specimens, fine reticular blood vessels 
surrounded the graft, forming abundant anastomoses 
with fine blood vessels in the graft. Ingrowth of the blood 
vessels from the nerve stumps and also from the tissues 
around the graft was more prominent. | 

INTRANEURAL VESSELS.—The intraneural plexus of both 
proximal and distal stumps entered the graft at the sites 
of the suture, suggesting intense proliferation in the non- 
radiated cases. 

In the radiated specimens, some of thin bundles of the 
regenerating nerve fibers appeared completely vascula- 
rized at this stage, although the vessels entered the graft 
with marked tortuosity. Repeatedly forming abundant 
anastomoses, they were found to form a relatively regular 
cord-like pattern within the graft (Fig 5). 

Twenty-Four Weeks After Grafting.—EXTRANEURAL 
VESSELS.—In nonradiated specimens, the fine blood vessels 
that mainly formed the epineurial plexus appeared tor- 
tuous and formed abundant branches, creating an irregu- 
lar focus surrounding the graft (Fig 6). 

In the radiated specimens, on the other hand, fine blood 
vessels developed from the surrounding tissues, formed a 
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fine network surrounding the graft, and then entered the 
graft from these sites. They had a cylindric appearance 
(Fig 7). 

INTRANEURAL VESSELS.—In the nonradiated specimens, 
fine blood vessels ran in a tortuous course with extreme 
proliferation, forming a single mass with mutual anasto- 
moses within the graft. The complex fine blood vessels ran 
in various directions showing abundant anastomoses with 
the surrounding vascular networks. The proliferation of 
the capillaries was more marked at both sutured portions 
(Fig 8). 

In the radiated specimens, the fine blood vessels regener- 
ating from the intraneural plexus of the nerve trunk gave 
out abundant branches at the sites of the sutures. There 
was less proliferation of the vessels at the suture sites 
than in the nonradiated cases (Fig 9). 

Among the many proliferated vessels, a number of fine 
vessels was observed to perforate the graft longitudinally 
with the bundle-like arrangement. Histologic study with 
transillumination method suggested that these vessels 
were the intraneural vessels of the newly formed funiculi 
of the regenerating nerve fibers (Fig 10). 


Comment 


There are numerous factors that affect the success of a 
peripheral nerve graft. Among these are (1) type of in- 
jury, (2) accuracy of repair and suturing method, (3) age of 
patient, (4) time lapse between injury and grafting, (5) 
state of local nutrition, (6) amount of scar, (7) problem of 
histocompatibility, (8) length of nerve defect, (9) kind, 
thickness, and preservation of graft, and (10) method of 
immunosuppression. 

As pointed out by Marmor et al"??? and Hirasawa et 
al,-2 high-voltage radiation suppresses the foreign body 
reaction in the nerve graft. In the radiated nerve graft, 
the structure of connective tissue, such as epineurium, 
perineurium, and some of endoneurium, remains rela- 
tively intact. The structure appears to offer a favorable 
environment for the regenerating axons as a “contact 
guidance” with smooth pathway, giving longitudinal ori- 
entation to the distal nerve. . 

Smith (1966) reported that the state of local nutrition, 
the amount of scar at the site of repair, and the length of 
the nerve gap are known to be important factors in regen- 
eration of the nerve tissue, and that all are related either 
directly or indirectly to the blood supply of nerves. 

Tarlov (1944)** stated that the vascularization of the 
nerve grafts proceeds from two sources: (1) the host 
stumps and (2) the bed in which the nerve graft is placed. 

According to this experiment, proliferation of the capil- 
laries around the graft (extraneural vessels) was found to 
be extreme at the third to sixth postoperative week. Such 
proliferation was characterized by a lack of patterning in 
nonradiated specimens, while there were relatively regu- 
lar networks of proliferated vessels observed in the ra- 
diated ones. The network appeared to form a cylindric 
tube with fine anastomosis with the intraneural vessels. 
This proliferation of fine blood vessels from the surround- 
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ing tissue òecame almost complete at the 24th postopera- 
tive week. 

As to the intraneural vessels, on the other hand, vascu- 
lar proliferation in the longitudinal direction started to 
enter the inside of the graft from both proximal and distal 
suture sites at the third postoperative week. In the ra- 
diated cases, fine longitudinal vessels were observed to 
traverse the length of the graft at the sixth postoperative 
week. At the 24th postop2rative week, the intraneural ves- 
sels were abandant. The striking difference of the vascu- 
lar patterns between the two groups at this stage was 
that there was a number of the fine vessels running in a 
longitudinal direction in a bundle-like arrangement in the 
radiated cases, in contrast to the nonradiated grafts in 
which fine »bod vessels ran in a tortuous course with ex- 
treme proliferation, forming a single mass of irregularly 
proliferating vessels. 

The buncle-like arrangement of the vessels in the ra- 
jiated graft appeared stereoscopically to be related to 
funiculi containing the regenerating nerve fibers. 


This investiga ion was supported by a Robert Lossing grant and a re- 
search grant from the Japanese Ministry of Education. 
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Clinical Notes 


Penicillin and Epluchage Treatment 


of Hepatic Actinomycosis 


Philip G. Prioleau, MD, Francis L. Brochu, MD 


Primary hepatic actinomycosis is extremely rare. The most effec- 
tive treatment of actinomycosis is generally thought to be a combi- 


nation of wide surgical excision and intensive, long-term penicillin - 


therapy. In the case presented, prolonged penicillin therapy and re- 
moval of involved hepatic tissue in multiple-staged operative proce- 
dures were employed successfully. The patient died 27 months after 
the diagnosis of his disease, following prolonged alcoholic ingestion. 
He had no evidence of active actinomycosis when last examined ten 
weeks prior to his death. 
ctinomycosis is a chronic suppurative fungal dis- 
ease caused by the organism Actinomyces israelii. 
Its clinical picture is characterized by abscess and sinus 
formation, by its spread with little regard to anatomic 
barriers, and by the presence in the involved tissues of 
“sulfur granules” that represent tangled mycelial masses. 
Human actinomycosis usually occurs, clinically, in one of 
three forms: cervicofacial, thoracic, and abdominal. Of 
1,330 cases collected by Cope, 56% were cervicofacial, 22% 
abdominal, and 15% thoracic.' Involvement of the liver is 
rare and is usually secondary to another primary abdomi- 
nal focus; isolated hepatic actinomycosis is extremely un- 
usual.” ? 


Report of a Case 


A 44-year-old white male hospital dietary storeroom worker was 
admitted to the Salem, Va, Veterans Administration Hospital on 
May 6, 1971, with a two-month history of persistent right upper 
quadrant abdominal pain made more intense on recumbency. This 
began after he had suffered a traumatic fracture of the right sev- 
enth rib anteriorly in February 1971, which had healed in a normal 
manner. He had had an episode of severe chills unassociated with 
fever one week before admission and had had a 7-kg (15.4-lb) 
weight loss over the preceding two months. He had marked ano- 
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rexia and, at the time of admission, was eating only one meal 
daily. 

His past.history was significant as he was a severe alcoholic. In 
1967, at another institution, he had undergone a_pancreat- 
icoduodenectomy with a double Roux-en-Y choledochojejunostomy, 
pancreaticojejunostomy, and gastrojejunostomy for a pancreatic 
mass that was thought preoperatively to be a malignant neoplasm 
but proved to be chronic pancreatitis. Since his surgery, he had 
been maintained on a regimen of oral hypoglycemic agents and 
pancreatic enzymes. He had undergone many dental extractions 
over the past few years. An appendectomy had been performed in 
1940 and a cholecystectomy in 1944. 

On physical examination, he was emaciated and had moderate 
right upper quadrant abdominal tenderness. A technetium Tc 99m 
liver scan demonstrated a 10-em defect in the anterior portion of 
the right lobe of the liver (Fig 1). A chest roentgenogram on ad- 
mission was not remarkable. Electrocardiogram, barium enema, 
and sigmoidoscopy to 25 cm were all normal, and an upper gas- 
trointestinal tract series was unchanged compared to those since 
his pancreaticoduodenectomy. Multiple sputum cultures demon- 
strated only Candida albicans. The hemoglobin level was 11.8 
gm/100 ml and the white blood cell count WBC was 11,300/cu mm 
with a normal differential. Results of liver function tests were 
within normal limits, except for a mildly elevated alkaline 
phosphatase level. His temperature ranged from 37 C (98.6 F) to 
38.9 C (102 F). 

On May 12, 1971, the patient underwent exploratory laparotomy 
through a right upper quadrant transverse incision and was found 
to have a 10-cm mass in the anterior portion of the right lobe of 
the liver with diaphragmatic adhesions. Needle biopsy of this 
mass revealed actinomycosis. The abdomen was carefully ex- 
plored, and no other abnormality was found except the well-healed 
anastomoses of the previous pancreaticoduodenectomy. Removal 
of the mass in its entirety would have required an anatomic right 
hepatic lobectomy. Due to the patient’s debilitation, treatment 
with antibiotics was deemed advisable. 

The patient gave a history of penicillin allergy. Therefore, he 
was placed initially on a regimen of intravenously administered 
tetracycline, 1.5 gm daily, for 15 days. There was no clinical im- 
provement. He was then skin tested for penicillin, found to show 
no allergy, and was placed on a regimen of orally administered 
penicillin phenoxymethy! potassium (Penicillin V-K), 1 gm daily. 
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=ig 1.—Anterd~ (top) and lateral (bottom) technetium Tc 99m 
scans of liver, Wey 3, 1971. 


Dwe tothe patient’s concern for his children, he was discharged to 
outpatient care-on June 3. 

Jn June 30, le was readmitzed with symptoms of right upper 
quadrant pain amd malaise. A chest roentgenogram revealed a 
pummonary infiltrate at the right base overlying the hepatic lesion. 
Or July 9, dail- intravenous treatment with 24 million units of 
peaicillin G sodiim was instituted through superior vena caval 
catheters and canzinued until Nov 19, 1971, for a total dose of over 
3 Hillion units. Om July 10, after ten days of intensive penicillin 
therapy without regression of the pulmonary abnormality, drain- 
ag= of the hepa-ie lesion was performed by anterior resection of 
the seventh rik and costal cartilage. Tissue removed resulted 
in a cavity mesuring 5 cm in diameter. The pulmonary lesion 
pramptiy disappecred. This proeess of removing abnormal hepatic 
tissue was repeated on Sept 22 and Oct 1, revealing actinomycotic 
abscesses on both eccasicns (Fig 2). On Oct 28, resection of addi- 
tional costal car-iages and of liver tissue to the limits of visible 
disease was performed; no active fungal lesion was found. At this 
tire, the liver sean revecled a defect that approximated the size 
of the exteriorizec cavity as demonstrated by filling it with gauze 
satarated with £ radiopaque contrast material. On Nov 24, mul- 
tipE biopsies of the hepatic cavity again failed to reveal active ac- 
tinemycotic disease. 
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(hematoxylin-eosin, x 400). 





Several attempts at different laboratories to culture the orga- 
nisms obtained from surgical specimens met with no success. 
Various bacterial contaminants were found. 

On Jan 17, 1972, the patient was discharged to outpatient care. 
At this time, his saucerized wound was healing satisfactorily; a 
split-thickness skin graft had been applied on Jan 6 that provided 
partial coverage of the wound. 

From March 8 to 22, 1972, the patient was again hospitalized. 
Results of liver function tests were within normal limits, except 
for a mildly elevated alkaline phosphatase level. He underwent de- 
bridement and resection of costal cartilages. Due to the inability 
to control his blood glucose level with diet and hypoglycemic 
agents, insulin was begun. 

From June 16 to 26, 1972, he was hospitalized on the Medical 
Service for treatment of acute delirium tremens following a 
drinking spree. 

On Sept 26, 1972, he was again admitted to the Surgical Service 
with persistent right upper quadrant abdominal pain. He had a 
small draining sinus over the right lower anterior rib eage, and 
needle biopsy of the liver through this sinus revealed early cir- 
rhosis. An upper gastrointestinal tract roentgenographic series 
showed no new findings, and celiac arteriography demonstrated 
compression of the vessels in the right superolateral portion of the 
liver at the site of the defect on liver scan. A liver scan on Nov 8, 
1972, showed improvement. From Oct 24 to Nov 28, 1972, the day 
of discharge, he received 20 million units of penicillin intrave- 
nously daily. 

From Dec 4 to 22, 1972, he was hospitalized on the Orthopedic 
Service following fracture of the right femoral neck in a fall two 
days prior to admission. On Dec 7, he underwent open reduction 
and fixation of the fracture. There was no evidence of preexisting 
bone disease. 
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Fig 3.—Patient on Feb 15, 1973. 


In February 1973, the patient was admitted with alcoholic in- 
toxication and malnutrition. Despite this, his right lower thoracic 
wound size and the amount of discharge had decreased appre- 
ciably (Fig 3). 

Again on May 7, 1973, he was readmitted due to alcoholism. A 
liver scan performed on May 11 showed no change in the size of 
the defect, but did show decreased uptake by the liver paren- 
chyma and increased splenic size, the latter findings suggestive of 
cirrhosis with portal hypertension (Fig 4). 

He was discharged to his home on June 1, 1973. He was living 
alone and refused any help when sober. On Aug 12, he was found 
dead at home. An autopsy was not performed. 


Comment 


Lebert, in 1857, is generally credited with the first re- 
port of human actinomycosis and in 1876 Bollinger pre- 
sented an unequivocal description of the disease. In 1877, 
Hartz gave the name Actinomyces (ray fungus), and 
shortly thereafter, Israel cultured the organism, described 
the organism’s characteristics, and presented a series of 
38 cases. 

Actinomyces israelii is a microaerobic or anaerobic, 
non-acid fast branching filamentous organism that is a 
frequent saprophyte inhabiting the oral cavity. It is 
thought to be more closely related to the bacteria than 
true fungi. 

No seasonal incidence or occupational predilection has 


been found. Its geographical distribution is widespread, 


and it is most frequently found in young adult and 
middle-aged groups, the incidence in males being approxi- 
mately twice that of females. 

Microscopically, the disease is characterized by micro- 
abscesses, granulomatous reaction, and liquefactive necro- 
sis with numerous leukocytes and occasional lymphocytes. 
Mixed infection is generally present. 

Actinomyces israelii is generally regarded as being 
unable to penetrate normal mucosa. It becomes patho- 
genic only following trauma or disease, and abdominal ac- 
tinomycosis is usually the sequel of appendicitis or perfo- 
ration of a peptic ulcer or colonic diverticulum. The 
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Fig 4.—Anterior view of liver scan, May 10, 1973. 


ileocecal region is the most common site of intra-abdomi- 
nal actinomycosis.* Putnam et al state that in 88 of their 
series of 122 cases (72.1%) typical acute appendicitis, 
which was usually perforated, preceded the onset of intra- 
abdominal actinomycosis. Five cases in their series fol- 
lowed previous attacks of diverticulitis coli, and three of 
four anorectal cases had long-standing histories of anal 
fistulas.’ 

The liver is the most common solid abdominal organ at- 
tacked by A israelii. The method of spread to the liver is 
thought to be via the portal vein from diseased bowel. The 
liver was involved in 15% of the 122 cases of Putnam et al. 

The case of isolated hepatic actinomycosis presentéd 
above raises the interesting question of whether the pan- 
creaticoduodenectomy in 1967, or the trauma in February 
of 1971 resulting in a right seventh rib fracture anteriorly, 
or his multiple dental extractions over the past several 
years, played any part in the site of his disease. There was 
no evidence of disease associated with the old intestinal 
procedures after thorough investigation at laparotomy. 
The rib fracture healed uneventfully, although trauma to 
the underlying liver could not be excluded. Dental scrap- 
ings failed to reveal abnormal organisms. 

The initial symptoms of systemic actinomycosis usually 
include weight loss, anorexia, malaise, moderate leuko- 
cytosis, and anemia. General debilitation follows. Ab- 
scesses may drain through cutaneous sinuses. 

Diagnosis can be established by microscopic identi- 
fication of Actinomyces and by culture of the organism. 
Unfortunately, as in the case above, culturing may be ex- 
tremely difficult due to the overgrowth of other orga- 
nisms. However, multiple attempts at culture are essen- 
tial to determine the disk sensitivity of the organism to 
various antibiotics and chemotherapeutic agents. 

The preferred treatment of this disease is a combina- 
tion of massive, prolonged antibiotic therapy and wide 
surgical excision of the diseased tissue. Unfortunately, 
complete extirpation of the diseased tissue is not always 
feasible. 


Penicillin and Epluchage/Prioleau & Brochu 


Epiuchage means the removal or plucking out of con- — 


taminated tissue from ar infected wound. In this case, the 
proeess of excising disco-orad liver-like substance proved 
2ffeetive in limiting the amount of functional hepatic tis- 
sue te be removed in a nutritional cripple. The limit of tis- 
sue removal was found by encountering the fibrous wall of 
zhe disease process, by excessive bleeding that was then 
2asily controlled by a pac, or by encountering normal tis- 
sue in all directions. 

While the high level of penicillin in the perimeter sup- 
plied by vessels permits £ walling-off of the invasive pro- 
sess-and prcbably reduces the likelihood of creating septi- 
-emia during surgery, penicillin alone does not appear to 
enter the arsa of active actinomycosis in sufficient concen- 
-ration to eradicate a large mass of growing mycelia. Pen- 
xillin combned with épuchage was thus a synergetic 
eombination of two relatwely safe modes of therapy. 

A wide variety of chemotherapeutic and antibiotic 
agerits have been tried. Ir 1973, sulfonamides were found 
t be efficacious. Putnam et al report the cure rate in ab- 
Gominal actinemycosis to have been 16% in their series for 
patients treated by numerous modalities other than the 
use of penic llin or sulfa drugs. Using sulfonamides, the 
care rate rose to 38.7%.° : | 

Sensitivity of the organism to penicillin was first dem- 
onstrated in 1941. Tke dosage of penicillin is related to the 
sensitivity o° the organism, and, in many cases, over 20 
million units administered intravenously each day for 
many months have been required. Following the prin- 
ciples of massive administration of penicillin and wide sur- 
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gical excision, Harvey (1957) reported the cure rate of this 
infection to be 88% in his series.’ 

Death from abdominal actinomycosis may be secondary 
to direct extension of the disease to the lung, kidney, or 
liver. Pneumonia or sepsis from contaminating bacteria 
may be factors. We do not have information on the num- 
ber of cures of hepatic actinomycosis, although they ap- 
pear to be exceedingly rare. In the case presented, the 
cause of death is unknown. There was no evidence during 
his hospitalization ten weeks earlier that he had active ac- 
tinomycosis. 


Dr. Steven Hegedus helped in the initial management of this patient. 


Nonproprietary Name and 
Trademarks of Drug 


Technetium Tc 99m—Neimotec, Pertgen-99m, Renotec, Technekow 
generator, Technetope, Ultra-technekow generator. 
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Successful Renal Transplantation 


in Hyperoxaluria 


Jean M. Morgan, MD; Marshall W. Hartley, PhD; 
Alexander C. Miller, Jr., MD; Arnold G. Diethelm, MD 


A 36-year-old woman underwent a successful renal transplantation 
after loss of renal function from hyperoxaluria. At 24 months post- 
transplantation she still has excellent renal function. The success of 
this procedure is attributed in part to the use of pyridoxine hydro- 
chloride, which has somewhat reduced oxalate excretion, and meth- 
ylene blue, which apparently has prevented the crystallization of oxa- 
late in the urine despite high excretion rates. 


rimary hyperoxaluria is a rare, genetically deter- 
mined disease in which there is an excessive produc- 

tion and excretion of oxalates.' The kidney is invari- 
ably damaged with calculi and secondary pyelonephritis. 


Symptoms are usually present before 30 years of age, and. 


it is rare for an affected individual to live beyond 40 years. 
Since these individuals are otherwise well, they would 
seem to be good candidates for renal transplantation. 
However, the disease tends to recur promptly in the trans- 
plant, and results have been discouraging (Table 1). An 
additional instance of renal transplantation in oxaluria is 
now reported in which renal function has been well main- 
tained for 24 months despite excessive oxalate excretion. 


Report of a Case 


A 36-year-old woman had been observed at the Norwood Clinic, 
Birmingham, Ala, since her first pregnancy in 1957. In 1962 she 
began passing renal calculi and had acute pyelonephritis the fol- 
lowing year. Following this, recurrent stones and urinary tract in- 
fection were unrelenting, requiring the following surgical proce- 
dures: right ureterolithotomy, 1964; left and right pelvilithotomy, 
1965; left pelvilithtomy, 1968; and right ureterolithotomy and left 
pelvilithotomy, 1970. All stones contained oxalate or calcium oxa- 
late. All urine specimens were negative for glucose and were usu- 
ally acidic in pH. The serum bicarbonate value was normal. A 
subtotal parathyroidectomy was done in 1969 because of the in- 
tractable nature of the urinary calculus disease; the parathyroid 
glands were found to be normal. 

Continuous and intractable urinary tract infection led to pro- 
gressive acidosis and renal failure. Peritoneal dialysis was re- 
quired in June, 1970. Shortly after, hemodialysis was begun. She 
continued dialysis at home and remained well, except for recur- 
rent urinary infection. She was admitted to the University Hospi- 
tal in February 1972, for elective bilateral ureteronephrectomy. 

At the time of admission she appeared to be well developed and 
well nourished and in no acute difficulty. Her blood pressure was 
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150/90 mm Hg; pulse rate, 96 beats per minute; and temperature 
37.2 C (99 F). Results of an examination of the head and neck were 
within normal limits. The lungs were clear, and the heart was in a 
sinus rhythm without murmurs or gallop. There were multiple 
surgical scars over the abdomen and flanks. An arteriovenous 
shunt was present in the left femoral area. There was no periph- 
eral edema. 

Bilateral nephrectomy and ureterectomy were carried out on Feb 
16, 1972. The kidneys obtained at bilateral nephrectomy weighed 
53 and 89 gm. Multiple yellowish stones ranging from 0.2 to 0.5 em 
were present in the calices. On microscopical examination (Fig 1), 
the tubules were dilated and filled with birefractive calcium oxa- 
late crystals. The tubular epithelium was destroyed. The glomeru- 
lar alterations were minimal and primarily due to ischemia. The 
interstitial alterations consisted of periglomerular fibrosis and fo- 
cal accumulations of chronic inflammatory cells and fibrosis in the 
cortex and medulla. These changes are consistent with primary 
oxalosis and chronic pyelonephritis. 

Recovery was uneventful. One week later, a cadaveric kidney 
became available and renal transplantation was done. The patient 
had HL-A antigens 2, 3, 4, 12, and 13. The donor was positive for 
HL-A antigens 2, 4, and 12. Immunosuppression included aza- 
thioprine and prednisone. The kidney functioned immediately, al- 
though the serum creatinine level remained over 2 mg/100 ml for 
three weeks (Table 2). At this time, she was glycosuric and acidot- 
ic. Blood glucose levels were normal. 

Urinary tract infection continued to be a recurrent problem. At 
three months posttransplant, her creatinine clearance was 84 
ml/min. At that time she was excreting 5 gm of glucose and 135 
mg of oxalate per 24 hours as determined by the method of Archer 
et al.’ In July 1972 she was admitted for elective biopsy of the 
transplanted kidney. At that time her oxalate excretion was 375 
mg per day. Pyridoxine hydrochloride, 1 gm per day, was given in 
an attempt to reduce oxalate excretion (Fig 2). The excretion rate 


Fig 1.—Area of renal cortex of kidney obtained at bilateral ne- 
phrectomy showing extensive tubular destruction, interstitial fibro- 
sis, and partially polarized calcium oxalate crystals (hematoxylin-eo- 
sin, X 200). 
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Fig 2.—Oxaa excretion in response to pyridoxine and allopuri- 
aol administreticn. 





=ig 3.—Optic urcdus, oculus sinister, showing crystalline deposits 
areund macula. 


ig 4.—Area cf renal cortex im biopsy obtained 12 months post- 
transplantation shewing mild tubular degeneration, focal small lym- 
phacytic accumtlajion, interstitial fibrosis, and partially polarized 
caEium oxalate =rystals in one proximal tubule (hematoxylin-eosin, 
x “00). 
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Table 1.—Transplantation in Oxaluria 


Kidneys 
Trans- 
planted 


Transplant 


Author Survival 


Source 


Solomons et al? 1 Cadaver Less than 1 yr 
Klauwers et al? 1 Father 5 days 


Deodhar et al4 1 Mother 
2 Cadaver 
Mahoney et al 1 Cadaver 

Koch et alé Cadaver 4 mo 
Cadaver 20 mo 

Cadaver 1 me 


18 mo 
49 days 
17 mo 


was approximately halved. Allopurinol had no effect on oxalate ex- 
cretion. In late August the creatinine clearance had fallen to 42 
ml/min, and later she passed two small stones. On Sept 1, a regi- 
men of pyridoxine was reinstituted with the addition of methyl- 
ene blue, 120 mg three times daily. It had been suggested by Sutor 
that this agent would keep calcium oxalate in solution in the 
urine.* Hydrochlorothiazide, 50 mg daily, was also added. Follow- 
ing this, her creatinine clearance returned to 50 ml/min and has 
remained stable. In October she was found again to be glycosuric, 


. but was now diabetic. Insulin therapy was started in November 


since diet alone was ineffective in controlling the blood glucose. In 
January 1973 she developed sensory defects and marked weakness 
of both the hands and feet compatible with peripheral neuropathy. 
Physical examination showed atrophy of the small muscles of the 
hand with weakness. There was also weakness in the plantar ex- 
tensor and flexor muscles and hypalgesia of the palms and the 
dorsa of the feet. Nerve potential was absent in both sural nerves, 
and impaired in the peroneal and median nerves. It was uncertain 
whether this was due to diabetes or to the oxalosis. There was 
general improvement in muscle strength after the diabetes was 
controlled with adequate insulin. However, nerve conduction stud- 
ies showed no improvement. 

Examination of the retina has revealed an increasing number 
of bright yellow bodies in the macular area (Fig 3). Some of these 
could be waxy exudates, but the majority seem to be crystalline in 
nature, suggesting that they could be calcium oxalate. 

Renal biopsy specimens were obtained at five months and 12 
months (Fig 4) following transplantation. A few tubules contained 
birefractive calcium oxalate crystals in both biopsy specimens 
with perhaps a slight increase in the 12-month biopsy. Focal accu- 
mulations of small lymphocytes were present in the intertubular 
capillaries and interstices, particularly around the interlobular 
vessels. The cellular infiltrate appeared about the same in both 
biopsy specimens. There was a slight increase in the degree of fi- 
brosis in the 12-month biopsy specimen. These interstitial altera- 
tions were not localized in relation to tubules containing crystals. 
The glomeruli were not markedly altered. These changes were in- 
terpreted as quiescent cell mediated rejection and recurrent ox- 
alosis of the kidney. 


Comment 


Hyperoxaluria is a rare metabolic disorder of oxalate 
metabolism transmitted by a recessive autosomal gene. 
Two forms of the disease have recently been recognized: 
type 1, glycolic aciduria (defect in the a-ketoglutarate, 
glyoxylate carboligase) and type 2, L-glyceric aciduria (de- 
fect in D-glyceric dehydrogenase).’ These are clinically in- 
distinguishable, and both are characterized by elevated 
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vy 





Transplant (Feb 22, 1972) 1 7 
BUN, mg/100 ml 43 84 
Serum creatinine, mg/100 ml 7.0 3.3 
Sodium, mEq/liter 134 140 
Potassium, mEq/liter 4.2 5.8 
Bicarbonate, mEq/liter 21 10 
Chloride, mEq/liter 95 109 
Urine glucose, gm/24 hr 
Creatinine clearance, ml/min 7.4 


H tubular maximum, mg/min 
Glucose tubular maximum, mg/min 
Mean threshold, mg/100 ml 


Table 2.—Postoperative Transplant Course* 


PAH clearance, ml/min 
PA 25 










Postoperative Days 














14 21 28 6 Weeks 12 Weeks 
51 44 40 36 30 
2.7 1.9 1.4 1.3 1.3 
138 141 142 137 
3.8 4.7 4.7 4.1 
19 15 16 21 
110 110 111 104 
+ 13.8 5 

49 84 

230 







* Estimated normal values for single kidney, corrected for surface area of 1.55 sq m, are as follows: PAH clearance, 270 ml/min; PAH tubular 
maximum, 29 mg/min; glucose tubular maximum, 136 mg/min; mean threshold, 230 mg/100 mi. 


oxalate excretion, renal calculi, urinary tract infection, 
and progressive renal failure with deposition of oxalate 
crystals in the kidney and other tissues. Symptoms often 
begin in childhood but may not occur until the third dec- 


ade. Afflicted individuals rarely live beyond the age of ` 


40, and death is almost invariably due to renal failure. 

Both peritoneal and hemodialyses have been attempted 
in hyperoxaluric individuals.''* Although the peritoneal 
membrane is permeable to oxalate, the clearance remains 
only half that of urea. Since the plasma level does not fall, 
the rate of production is equal to or greater than the rate 
of removal. Therefore, it has been concluded that peri- 
toneal dialysis is inadequate for the treatment of hyper- 
oxaluria. By the same token, it has been demonstrated 
that regular hemodialysis does not prevent the continued 
deposition of oxalate and apparently is insufficient to re- 
move oxalate at a rate equivalent to the rate of production. 

Although the normal individual excretes between 15 to 
20 mg of oxalate per day, the hyperoxaluric individual 
may excrete several hundred milligrams. Since the defect 
is due to excessive endogenous production, there is no ad- 
vantage to restriction of dietary oxalate.’ A variety of 
therapeutic procedures have been utilized in an effort to 
depress oxalate production. The administration of large 
doses of pyridoxine has been reported to decrease oxalate 
excretion, presumably by increasing transaminase levels 
that could induce apoenzyme synthesis or inhibit catabo- 
lism.” A partial reduction of oxalate excretion may be seen 
in some afflicted individuals, but has not been consistently 
observed."*** Solomons et al reported that an aldehyde de- 
hydrogenase inhibitor, calcium cyanamide, reduced uri- 
nary oxalate excretion in a hyperoxaluric subject.? How- 
ever, a number of other workers have failed to confirm the 
effectiveness of this drug.'*’ Allopurinol has been sug- 
gested as a therapeutic agent since xanthine oxidase is 
one of the enzymes that catalyzes the oxidation of glyoxa- 
late to oxalate, and would be inhibited by this agent.’ 
However, this agent has been uniformly found to be inef- 
fective, as it was in the present case.” 

In idiopathic calcium oxalate stone disease, a variety of 
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agents have been used to increase the solubility of calcium 
oxalate in urine. Since these stones may be associated 
with hypercalciuria, many of these agents are used to re- 
duce calcium excretion. The thiazide diuretics are recog- 
nized to be effective in reducing urinary calcium excretion 
and have also been shown to produce a sustained rise in 
the urinary concentration of magnesium.** These agents 
have been used in idiopathic hypercalciuric stone formers 
with some benefit. The administration of phosphate salts 
has also been found to reduce the urinary excretion of cal- 
cium and to have a protective effect in calculus disease.’ 
The protective effect requires that 3 to 8 gm of a phos- 
phate salt be given daily. A cheap and effective form 
(Phospho-soda, a mixture of sodium biphosphate and so- 
dium phosphate) can be administered in water in divided 
doses. This is often associated with indigestion or 
catharsis.”° 

Another approach has been to identify and stimulate 
the normal urinary inhibitors of crystallization. Citric acid 
is one of the agents thought to be protective; idiopathic 
calcium oxalate stone formers are thought to excrete less 
citrate than normal subjects.” The administration of 
magnesium oxide and pyridoxine increases urinary citrate 
and has been reported to produce some protective effect in 
calcium oxalate stone formation.” However, this treat- 
ment increases urinary calcium, and urinary oxalic acid is 
not significantly changed. The in vitro studies of Sutor 
demonstrated that magnesium does not slow the growth 
of calcium oxalate in acid solutions or at the pH of normal 
urine.” In some instances, crystal growth was enhanced. 
Her in vitro studies did confirm that the ortho- and pyro- 
phosphates have a distinct inhibitory effect on calcium 
oxalate crystallization, as do zinc, aluminum, and a num- 
ber of other metals. 

One of the agents tested by Sutor was methylene blue. 
This was also chosen for clinical trials because of its low 
toxicity and effectiveness in inhibiting crystallization. 
Urine from hyperoxalurie subjects was collected before 
and after the oral administration of methylene blue. The 
dye was shown to prevent crystalluria and substantially 
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ncrease the time required for crystal nuclei to form.* We 
those this agent because of low toxicity, ease of adminis- 
-ration, and reported effeetiveness in hyperoxaluria rather 
-han in idiopathic cr hypercalciuric calcium oxalate stone 
“ormation. Its use in this patient would seem to have been 
=ffeetive, since no renal calculi have been formed despite 
-he increased oxalate excretion during the past year. 

The unustel occurrence of renal glycosuria early in the 
dosttransplert course is of interest. This was associated 
vith acidosis and slow achievement of maximal renal 
‘unction. Al:beugh it is possible that this was due to rejec- 
‘jon, there was no clinical evidence of this. The normal 
-learance and tubular maximum for p-aminohippuric acid 
PAH) did aet suggest diffuse tubular injury. An alter- 
zate possibi icy is suggested by the fact that the patient 
Lad been on home dialysis for more than a year. Since ox- 
=late is poorly removed by dialysis, the oxalate pool must 
Lave been very large. One might speculate that a high ex- 
eretion rate after transplantation might in some way 
Lave adversely affeeted proximal tubular function. How- 
ever, there S no wey to elarify this at present, and pos- 
sible mechanisms remain obscure. 

A review ef the literature reveals that at least five other 
patients have had renal transplants following loss of renal 
minction from hyperoxaluria. In each case the recurrence 
cf oxalosis in the kidney contributed to the loss of func- 
on. * The longest transplant survival to date has been 20 
months.: The present patient is now in her 24th month 


posttransplant and has had stable, excellent renal func- 
tion for the past year without stone formation. 

From the discouraging past experience with both dialy- 
sis and transplantation in hyperoxaluria, the following 
suggestions are made for the management of renal fail- 
ure associated with this condition: (1) Prolonged advanced 
renal failure should be avoided so that extensive accumu- 
lation of oxalate does not occur in the body. (2) Since dial- 
ysis is an ineffective method of treatment, the only way to 
accomplish this would be to elect to transplant a cadaveric 
kidney when renal failure becomes moderately advanced. 
Since the kidneys are usually infected, nephrectomy is in- 
dicated, but could be delayed until the transplanted kid- 
ney is established and functional. (8) During the immedi- 
ate posttransplant period, high fluid loads and high doses 
of pyridoxine and methylene blue should be given to pre- 
vent calcium oxalate damage to the new kidney. 

It is most urgent that the individual who excretes an 
excessive oxalate load be identified early in renal failure 
so that appropriate management can be provided. From 
the experience to date, this approach would seem to of- 
fer the best possibility of salvage in these unfortunate 
individuals. 


Nonproprietary Names and 
Trademarks of Drugs 


Allopurinol—Zyloprim. 
Azathioprine—Jmuran. 
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Sudden Death and Hexachlorophene 


Alfred T. Culliford, MD; Ibrahim Ibrahim, MD; Victor Zerbino, MD 


A 51-year-old man inadvertently ingested 20 to 30 ml of hexachlo- 
rophene the night before an aortic bifurcation graft. He died at the 
close of the procedure with uncorrectable hypotension and brady- 
cardia. The calf and thigh muscles were rigidly contracted. Several 
other fatalities following hexachlorophene ingestion have been re- 
ported. No common pattern has been observed although most of the 
patients went into coma without localizing signs. Every precaution 
should be taken to prevent the accidental self-administration of 
these frequently used preoperative skin preparations. 


E e preparations of hexachlorophene have gained 
great popularity in the preparation of skin surfaces 
before surgery, in the care of healing wounds, cleaning 
and debriding burns, as a hand preparation for the surgi- 
cal team, and in the newborn nursery. In addition to its 
antibacterial activity, hexachlorophene has been used to 
treat Clonorchi sinensis in China' and has been used occa- 
sionally as a broad-spectrum fungicide and bactericide in 
food crops.’ 

A number of cases of acute and chronic poisoning with 
hexachlorophene have been reported. We recently cared 
for a patient who ingested hexachlorophene accidentally 
the night before surgery and died at the completion of 
surgery. This case is reported to suggest a possible causal 
relationship between the ingestion of hexachlorophene 
and the patient’s death, and to record a previously un- 
known manifestation of the suspected intoxication. 


Report of a Case 


A 51-year-old man was admitted to the hospital for evaluation 
of progressive claudication of both legs, the left greater than the 
right. The patient was in good health prior to admission and had 
no antecedent cardiac or pulmonary history. Six months earlier he 
had undergone an uneventful transurethral resection of the pros- 
tate. He was taking no medication and denied any allergies. Phys- 
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ical examination on admission revealed a temperature of 37 C 
(96.8 F), a blood pressure of 130/80 mm Hg, a pulse of 86 beats per 
minute, and a regular respiratory rate. Results of examination of 
the heart and lungs were normal and there was no carotid bruit. 
The neurologic examination was unrevealing. Diminished femoral 
pulses were present bilaterally, and no pulses were palpated at the 
knees or ankles. An angiogram revealed 80% stenosis of the left 
common iliac and 60% stenosis of the right common iliac artery. 
The femoral and popliteal vessels were patent and had minimal 
plaquing, and good runoff was present on both sides. All labora- 
tory findings were normal, as well as the chest roentgenogram 
and electrocardiogram. The creatinine clearance was 90 ml/min. 

The night before surgery the patient was instructed to shower 
and wash his abdomen with a hexachlorophene preparation. The 
preparation was handed to him in a white paper cup by a nurse. 
The patient inadvertently ingested approximately 20 to 30 ml ef 
the solution and experienced mild nausea that cleared within 30 
minutes. Vital signs were unchanged, and his abdomen was non- 
tender and soft. 

The following morning, under halothane anesthesia, an aortic 
bifurcation bypass graft was inserted uneventfully with restora- 
tion of good femoral pulses. 

As the laparotomy incision was being closed, the patient’s thigh 
and calf muscles were noted to be maximally contracted and stiff. 
The femoral pulses were unchanged. Hypotension and brady- 
cardia developed and were quickly followed by a cardiac arrest. 
Up to that point the vital signs, urine output, and venous blood 
gas levels were satisfactory. Resuscitation and open chest cardiac 
massage failed, and the patient was pronounced dead after two 
hours of attempted resuscitation. 

Necropsy failed to demonstrate any evidence for acute myocar- 
dial infarction, spinal cord injury, or pulmonary embolism. The 
bypass graft was intact and all anastomoses were patent. The 
femoral vein was open and contained no thrombus. Postmortem 
examination of the patient’s blood and bile failed to reveal opiates 
or acidic drugs. Examination of the stomach and liver revealed no 
hexachlorophene; however, the patient’s blood was not examined 
for this substance. 


Comment 


Hexachlorophene (3,4,6-trichlorophenol) was patented 
in 1941 by Gump.’ In the most widely used proprietary 
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-ompound, it is present im a 3% concentration along with 
> surface ecive anionie detergent known as sodium 
aonexynol-1 sulfate. The two active ingredients are solu- 
silized in a vehicle composed of lanolin, cholesterols, and 
»etrolatum. Qf these two active ingredients, the hexachlo- 
sophene seems to be responsible for the observed toxic ef- 
sects followrg acute and chronic ingestion. The lethal 
«ose for 50% survival o the group (LD,,) for sodium 
nonoxynol-1 sulfate is 49 gm/kg.* The possibility of a 
synergetic accion of the two ingredients seems unlikely 
since the LLC.. of hexachlorophene in its commercially pro- 
vided propri2tary solution is 40% greater than when hexa- 
dhlorophene is given alone. 

Several fatalities have been reported following the in- 
gestion of hexachlcrophene in humans. Wear et al re- 
ported a fatal ty in a man undergoing an abdominal peri- 
real resection the day follewing the ingestion of 45 ml of a 
=% selution ef hexachlorophene. In the same article he re- 
ported three patients who experienced mild to severe gas- 
trointestinal symptoms following hexachlorophene inges- 
fion.’ Lustig reported a 6-year-old mentally retarded child 
who ingestee 118.3 to 147.8 ml of a 3% hexachlorophene so- 
lation and ed nine hours later in coma.’ Liu et al re- 
ported a serias of five patients treated for Clonorchis 
@nensis wita nexachlorophene who developed severe gas- 
trointestinal tract cemplaints. All recovered, although one 
became comatese with aksent light reflex on the fourth 
cay of treatment.' Herter® described a newborn who was 
washed with a 2exachloroprene solution that was not rinsed 
fom the skn over a four-day period following his dis- 
arge from tae nursery and then developed a severe der- 
matitis, hemiplegia, and seizures. With a cessation of the 
l=xachlorophene washes, the rash regressed and the child 
impreved neavrelogically. 

Discrete neuropathologic lesions have been demon- 


strated in the experimental works of Kimbrough,’ Hart,’ 
and Udall and Malone.” These independent workers pro- 


- duced changes in the spinal cord, cerebellum, and cerebral 


cortex of rats, monkey, and sheep exposed chronically to 
hexachlorophene. 

Human poisoning with hexachlorophene is divided into 
a contact irritant variety with attendant dermatitis or 
gastrointestinal dysfunction, and a variety dependent on 
the systemic effect of absorbed hexachlorophene. The drug 
may be absorbed following oral administration, contact 
with normal skin, or contact with skin following thermal 
injury or inflammation. The symptoms of poisoning may 
include hyperactivity, restlessness, stupor, coma, convul- 
sions, hypotension and shock, twitching, and disorders of 
motor control. According to the Handbook of Poisons, the 
fatal dose of hexachlorophene is 2 gm, which is contained 
in 67 ml of the commonly used commercial preparation." 

The potential for a fatal complication following hexa- 
chlorophene use suggests several guidelines. First, hexa- 
chlorophene preparation should be considered and treated 
as a potentially lethal medication if not carefully and 
properly dealt with. It should never be administered in a 
paper drinking cup or left by a patient’s bedside unat- 
tended. A nurse should instruct a patient, and administer 
the solution as the patient is about to use it. Perhaps an 
emesis basin would be a safe and convenient receptacle 
for it prior to the patient’s bath. 

Second, careful consideration should be given prior to 
recommending it for cleaning large skin areas for a pro- 
longed period of time. Ample clinical and laboratory evi- 
dence is present to demonstrate toxicity. Finally, it has 
been suggested that some coloring material be added to 
the popular skin preparation to help distinguish it from 
widely used antacids and laxatives. 
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Rationale for Aggressive Surgical Approach 


Jefferson F. Ray III, MD; William O. Myers, MD; 
Ben R. Lawton, MD; Frank Y. Lee, MD; 
Frederick J. Wenzel; Richard D. Sautter, MD 


Fatal suffocating bronchial artery hemorrhage occurred in a pa- 
tient recovering satisfactorily following total gastrectomy for gastric 
necrosis occurring after a suicide attempt by ingestion of liquid lye. 
The lye created a punched-out hole in the membranous trachea adja- 
cent to the totally necrotic esophagus. The natural history of liquid 
lye ingestion, illustrated by this clinical course and similar cases 
from the literature, is a new phenomenon caused by the recent intro- 
duction of liquid lye kitchen drain cleaners. It includes (1) rapid 
transmural gastric and esophageal necrosis and (2) spread of necro- 
sis to contiguous organs. Optimal management of patients should 
include (1) exploratory laparotomy after roentgenographic confirma- 
tion of injury, (2) total gastrectomy for gastric necrosis, (3) right- 
sided thoracotomy when the distal part of the intra-abdominal esoph- 
agus is questionably viable, (4) esophagectomy for esophageal ne- 
crosis, and (5) delayed restoration of gastrointestinal tract continuity 
with colon interposition. 


he natural history of lye ingestion is radically 
changed since the recent introduction of a variety of 
potentially lethal liquid kitchen drain cleaners. Liquid lye 
is now readily available in many homes, and can be easily 
ingested accidentally by children or by adults intending 
suicide. The coagulation necrosis caused by liquid or crys- 
talline lye differs not in kind, but degree. Liquid lye, be- 
cause it is concentrated and in solution, penetrates tissues 
rapidly, resulting in increased depth of necrosis. Full ap- 
preciation of the natural history of liquid lye ingestion 
mandates radical changes in patient management. 

A recent experience revealed shortcomings in our un- 
derstanding of the severity of injury created by liquid lye 
ingestion. Fatal suffocating bronchial artery hemorrhage 
occurred in a patient recovering satisfactorily following 
total gastrectomy for coagulation necrosis of the stomach 
after liquid lye ingestion. The caustic agent, Open Up 
Drain Cleaner, created a punched-out hole in the mem- 
branous trachea adjacent to the totally necrotic esoph- 
agus. 

This patient is described because the case history (1) 
fosters understanding of the natural history of liquid lye 
ingestion, (2) illustrates the insidious and continuing 
spread of the coagulation necrosis to contiguous struc- 
tures, (3) prompts consideration of a plan for optimal and 
necessarily aggressive surgical management of severe liq- 
uid lye ingestion injuries. A previously unpublished and 
successfully managed case of Allen Thal, MD, is noted. 
These cases are the 12th and 18th reported cases of acute 
surgery for coagulation necrosis of the stomach following 
lye ingestion. 
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Report of a Case 


A 51-year-old white housewife ingested 14 cup of liquid Open Up 
Drain Cleaner on Nov 27, 1973, and then went into the woods near 
her home to die. She was found there, and hospitalized locally 4% 
hours postinjury. Intravenous fluids and methylprednisolone so- 
dium succinate (Solu-Medrol), 50 mg daily, were the treatment 
given. She was never able to swallow her saliva, drink, or eat. 

She was transferred to the Marshfield Clinic six days following 
the ingestion of lye. Three prior suicide attempts had occurred 
during the preceding six months. Because of the severe depres- 
sion, her weight had fallen from 50.8 kg (112 lb) to 36.3 kg (80 lb) 
in the past year. 

Physical examination at admission revealed a healthy but thin 
white woman in no distress. Vital signs were as follows: blood 
pressure, 160/100 mm Hg; pulse, 96 beats per minute; respiratory 
rate, 15; and temperature, 64.1 C (98.8 F). Punctate areas of alkali 
burn were present on cheeks and lips. Her buccal mucosa, palate, 
and oropharynx were erythematous and covered with a whitish 
exudate. The abdomen was soft, with some tenderness on the left. 

The hematocrit reading was 40% and the white blood cell count 
was 19,200/cu mm. Blood urea nitrogen and serum electrolyte val- 
ues were normal. A chest roentgenogram taken on admission re- 
vealed pleural fluid at the left base but no free air in the abdomen. 

A tube placed in the left pleural space returned 350 ml of clear, 
nonpurulent, serosanguineous fluid. The abdominal pain and leu- 
kocytosis were considered secondary to a reactive mediastinitis 
adjacent to the chemically injured esophagus and not an acute ab- 
dominal process. A surgical consultation in her chart noted that 
“the patient is not acutely ill.” 

An esophagram showed complete obstruction. An intravenous 
pyelogram and barium enema were obtained and were normal. 
The radiologist, however, did report an unusual collection of air 
bubbles in the left upper quadrant without free air, and the possi- 
bility of gastric perforation was considered. 

At laparotomy, ten days after the lye ingestion, the stomach 
was found totally devitalized due to coagulation necrosis. The an- 
terior wall of the stomach was a translucent, bulging, thin mem- 
brane. The left upper quadrant contained 300 ml of bile-stained 
material. Organs adjacent to the necrotic stomach, including liver, 
spleen, and pancreas, were similarly stained. Prior to manipula- 
tion, no definite perforation was noted but, once touched, the 
stomach disintegrated except for the last inch of stomach proxi- 
mal to the pylorus, which was spared. The duodenum and the 
small and large intestine were unaffected. A surprising finding 
was the lack of peritonitis adjacent to the necrotic stomach. In- 
flammation and fibrin deposition were absent, and no adhesions 
were found. The remainder of the abdomen was normal. A total 
gastrectomy was performed, and a tube was placed into the distal 
end of the esophagus, secured in place with a suture around the 
esophagus, and brought through the abdominal wall. The most 
distal segment of stomach and the mobilized proximal part of the 
duodenum were brought to the abdominal wall and sutured into 
place, colostomy-like. Drains were placed in right and left sub- 
phrenic spaces and brought out through their respective upper 
quadrants. Inspection of the distal part of the esophagus revealea 
mucosal lye injury, but the extent of the damage was not fully ap- 
preciated. 

Examination of the gastrectomy specimen revealed an exten- 
sively necrotic mucosa covered with greenish-yellow pseudomem- 
branes. The serosa was red and rough, and there were penetrating 
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Fig 1.—Fata’ suffocating bronchial artery hemorrnage occurred 
fom margin dò punched-ouf hole (arrow) in the membranous 
tzachea. 


recrotizing ulees up te 2 em in diameter. Extensive c oagulation 
r=crosis of maeesa, suhinuccsa, and muscularis was associated 
vith exudation 3f large amounts of fibrin and chronic and acute 
inflammatory -dl infiltration. 

Postoperative y the patient did well. Erythromycin and chlor- 
amphenicol (Gheromyeetin) were given intravenously. Intra- 
venous hyperaimentation was begun and she remaincd in good 
e=ctrolyte balance. A transieat episode of hypotension occurred 
Dec 10, three days postoperatively. The blood pressure returned to 
nermal after the-adminitraticm of 500 ml of blood and 1,000 ml of 
plasma proteir fraction (Plasmanate). Two grams of methyl- 
pzednisolone salum succinate was given intravenously because of 
tke history of prior steroid administration. 

Despite gooc -ooperation in clearing her secretions, an infil- 
trate developed ia the middle end lower lobes of the right-lung on 
Dec 11. Elective -racheostomy was performed the same day, and 
wh respirator end controlled ventilation she rested more com- 
fortably. 

At 4 am, Dec =2, 15 days after lye ingestion, she developed a 
raid and fatal suffocating 2ndobronchial hemorrhage. Post- 
mertem examina ion revealed a totally necrotic and thinned-out, 
tattered esophagus. At the tracheal bifurcation of the mem- 
br.nous traches there was a punched-out hole measuring 4 cm xX 
5 en (Fig 1 and 2. The entire length of membranous trachea was 
thinned, attenueted, and partially necrotic. No fistula was present 
beween the trachea or esophagus and a major vessel. The source 
of che bleeding was an 2roded bronchial artery. The abdominal 
cavity was un-emarkable. No peritonitis was present. The 
tracheobronchia. ree contained copious foamy blood and blood 
clos. 

Comment 


While the overwhelming majority of patients who in- 
gest lye do no- have extensive lesions requiring surgical 
intervention immediately, patients who ingest liquid lye 
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Fig 2.—Close-up of membranous tracheal defect at level of carina 
(arrow). Portion of carina can be seen within trachea. Dark and ne- 
crotic esophagus is left of tracheal defect. 


may require such treatment. 

The natural history of lye ingestion has undergone dra- 
matic alteration because of increased availability of liquid 
lye.™* Liquid lye household drain cleaners recently intro- 
duced include Drano, Liquid Plumr, Plunge, and Open Up 
Drain Cleaner. Sodium hydroxide concentrations of the 
first three agents are 54%, 30%, 25%, respectively. Open Up 
Drain Cleaner contains 40% potassium hydroxide. The old 
rule of thumb, that lye causes esophageal injury but 
spares the stomach in 80% of the cases, is no longer true.’ 
Liquid lye easily reaches the gastric mucosa in a quantity 
and concentration that lye crystals rarely could.2* When 
children unwarily ate crystalline lye, pain would usually 
cause them to stop after a few crystals. Lye crystals also 
tend to adhere to the first tissue they reach. Adults, bent 
on suicide, commonly swallowed crystals with water. The 
alkali concentration was thereby diluted below 3N; suffi- 
cient to produce late esophageal stricture but not acute se- 
quals. Liquid lye, colorless and odorless, can now quickly 
pass to the stomach and create transmural necrosis. When 
the stomach is injured by lye, the esophagus is also exten- 
sively damaged.’ 

Acute surgical intervention within nine days of liquid 
or crystalline lye ingestion has previously been reported 
11 times*** (Table). Mortality of published cases from 
1965 to 1973 is 45% (five of 11 cases). This high mortality is 
a result of (1) delayed operation, (2) insufficient surgery, 
and (3) lack of appreciation of the natural history of lye- 
induced coagulation necrosis. 

What is the natural history of liquid lye ingestion? 
Pathologically the process of tissue destruction is coag- 
ulation necrosis. Venous thrombosis is the initiating 
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event.‘ Then tissue edema occurs, and arteries become 
thrombosed. Necrosis occurs with startling rapidity.?’ Ex- 
perimentally, contact, of Liquid Plumr—30% sodium hydrox- 
ide—with the esophagus for one second is sufficient to pro- 
duce transmural tissue necrosis.‘ Clinically, the esophagus 
and stomach are totally necrotic within 4% hours after 
Plunge ingestion.” Spread of the process to contiguous or- 
gans occurs by direct extension.* This spread can involve 
the mediastinum,’* membranous trachea,** aorta,’ liver,’ 
pancreas,’ spleen,* and peritoneum.?*° Necropsy findings 
include tracheoesophageal fistula,’ aortoesophageal fis- 
tula,* and thrombosis of hepatic veins.‘ The major problem 
in controlling the pathological process is the continuing 
coagulation necrosis. Crystalline lye ingestion can also be 
extremely injurious.*’ The coagulation necrosis of liquid 
or crystalline lye is not different in kind, but in degree. 
Liquid lye, concentrated and in solution, penetrates tis- 
sues rapidly, increasing the depth of tissue injury. 

What is the optimal treatment of severe lye ingestion 
injury? Formerly, the major surgical focus was solely on 
delayed complications esophageal or, more rarely, gastric 
strictures. These late complications afforded surgeons 
time for a contemplative approach to elective bypass of 
the obstruction, and the initial management of patients 
was conservative. No note was taken of possible need for 
acute and aggressive surgical therapy. This approach is 
well illustrated by a 1956 report from Cook County Hospi- 
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Cases of Acute Surgery for Gastric Necrosis Following Lye Ingestion 





Reconstruction 


Primary Operation rae 
EEEE / Other Ascend- Descend- 
Crys- Liq- Age, Pathological Delay to Total Lapa- Out- ing ing 
Report Year tals uid yr Findings Surgery Gastrectomy rotomy come Colon Colon Comment 
Gryboski 1965 X F/36 2 days X Died x At postmortem, had 
et al5 tracheoesophageal 
fistula 
Allen 1970 x F/26 6 days X Lived None 
etalt 1970 x F/55 Duodenal, 3 days X Died None 
ilial necrosis 
1970 x M/61 Small intestinal Immediate xX Died None 
necrosis 
1970 X F/55 Immediate x Lived Esophago- 
jejunostomy 
1970 xX F/47 Proximal immediate X Died None Tracheoesophageal 
duodenal fistula and medi- 
necrosis astinitis 4 days 
postoperative 
1970 x M/44 Immediate x Lived None Esophageal dilation 
at time of report 
Thal! 1971 X F/49 Esophageal 6hr x Lived xX Totally rehabil- 
necrosis Esophagectomy itated 
Gago 1972 x F/26 Esophageal 4hr x Lived X 
et al2 necrosis Esophagectomy 
1972 X M/2'%%4 Esophageal 4 days x Lived x At laparotomy, 
necrosis Esophagectomy esophagus seemed 
36 hr later viable; thoracot- 
omy prompted by 
massive pneumo- 
thorax 
Davis 1972 xX F/28 Immediate x Died None 
etal? 1972 xX F/22 2 days X Lived X 
Ray 1974 x F/51 Esophageal 9 days x Died None Tracheoesophageal 
et al necrosis fistula and massive 


hemorrhage 





tal*: “The treatment of the acute state is supportive—med- 
ical. The treatment of the sequelae is surgical.” Recent 
marked change in concepts and therapy is dramatized by 
a 1972 report, also from Cook County Hospital. Three pa- 
tients required total gastrectomy after ingestion of caus- 
tics, all in one month’s time. One patient had ingested acid 
and two lye.’ 

The first report of early aggressive surgical therapy for 
lye lesions of the stomach is amazingly recent. In 1965, 
Gryboski and associates successfully treated a 36-year-old 
woman after lye ingestion with total gastrectomy leaving 
the esophagus in situ, as we did.’ Their patient did well 
and later underwent successful reconstructive ascending 
colon interposition. Unfortunately, she died 3% months af- 
ter injury from fulminant viral hepatitis. At postmortem 
examination, the esophagus was extensively destroyed 
and a lye-induced bronchoesophageal fistula was present. 

In 1971, Thal presented an instance of lye ingestion in a 
49-year-old woman who was managed with exploratory 
laparotomy and total gastrectomy followed by right-sided 
thoracotomy and esophagectomy. Ascending colon inter- 
position was successfully performed later.’ 

Gago and associates recently urged an aggressive surgi- 
cal approach.’ A plan was formulated after the death of 
two patients treated conservatively. Both died from 
esophagogastric perforation. In their next two patients 
with esophagogastric necrosis, total gastrectomy preceded 
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cight-sided thoracotomy and total esophagectomy. Both 
_ived, and subsequent reconstructive colon interposition 
Was successful. 

From these reports, as well as our patient’s course, the 
ratural history of severe coagulation necrosis is revealed 
and dictates the nature o7 the surgical approach. The dan- 
zer of leav mg the esophagus in place is that the mem- 
%ranous trachea or aorta adjacent to the esophagus may 
develop coagulation necresis. Our patient’s tracheoesopha- 
geal fistula s the third resorted instance of this complica- 
tion.’ Aortbesophageal fstula occurred following Liquid 
Plumr ingestion in a 15-month-old girl and, despite emer- 
geney esophagectomy and closure of the fistula, the pa- 
tient died sacrtly after tae operation.‘ 

‘The curren: therapeut plan for lye ingestion at the 
Marshfield Clinic includes seven steps: 

1. Immed ate roentgenographic examination of the 
esophagus and stomach with water-soluble contrast mate- 
nial. Esophag2al and gascrie necrosis produce character- 
Btic roentger egrapnic changes.”* 

2. Esophazoscopy for patients lacking roentgen- 
cgraphic evzi2nce of esophageal burn. This examination, 
elways terminated at the level of an esophageal burn, re- 
veals whether any esophageal burn is present. Steroids 
end antibioties may be administered for a minor burn. 
Esophagoscapy is avoided when there is roentgenographic 


cemenstration of esophageal or gastric burn because it is 


@ potentially dangerous procedure. 

3. Exploratery laparotomy for patients with history of 
laguid lye ingestion and roentgenographic evidence of 
esophageal cr gastr-c necrosis. Normal results from lap- 
azotomy are preferable to missing instances of total gas- 
tric necrosis. 

4. Total gastrectomy for gastric necrosis. Lesser oper- 
acions will noz remcve su ficient tissue to halt spread of 
coagulation aecrosis 

5. Assess viability of distal intra-abdominal esophagus. 
When the vmeaility is questionable, exploratory thoraco- 
temy allows d rect inspection of the esophagus. 

6. Exploraccry rigat-sided thoracotomy when the distal 
part of the intra-abdominal esophagus is questionably vi- 
able. Viability of the thoracic esophagus is assessed. 
Esophagectomy prevents mediastinitis, tracheoesopha- 
geal fistula, and esephageacrtic fistula. Cervical esoph- 
agostomy prevents aspirafion pneumonitis. 

T. Delayed colon interposition. Ascending or descending 
cdon interposi-ion restores gastrointestinal tract continu- 
ity and is per°crmed several weeks after gastroesophageal 
ræecion. 

‘Twe characteristic roentzenographic features of liquid 
lye injury of the esophagus are intramural retention of 
the contrast materia. and gaseous dilation of the esoph- 
agus, presumably due to air trapping. The latter finding is 
bdieved anaozous to the roentgenographic picture of 
toxic megaco.on1 found in ulcerative colitis.’ 

Other findngs in liquid lye injury are (1) diffuse- 
ly blurred esophageal markings reflecting mucosal ulcera- 
ticn, (2) linear streaks anc plaques of contrast material 
due to ulceratien and intramural dissection, (3) scalloped 
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or straightened esophagogastric margins reflecting sub- 
mucosal edema and hemorrhage, (4) displacement of pleu- 
ral reflection and widening of pleuroesophageal line, vis- 
ible on plain chest roentgenogram, secondary to swelling 
and inflammation of structures contiguous to a necrotic 
esophagus.‘ 

Attacking the problem from a different focus, the re- 
moval of liquid lye cleaners from the marketplace is advo- 
cated because they pose a special menace in the home.’ 
This approach seems farfetched and radical until one ap- 
preciates the hazard posed to the user, much less the vic- 
tim of ingestion. The leading consumer’s product analysis 
magazine seriously advocates wearing goggles, gloves, 
and rubber apron during their use.” These agents are kept 
in cabinets beneath the sink, come in attractive, brightly 
colored containers, and represent irresistible temptation to 
many children. Adults, bent on suicide, realize their poi- 
sonous nature but certainly do not comprehend the suffer- 
ing involved after ingestion. 


John Pierpont, MD, referred this patient to Marshfield Clinic. 


References 


1. Thal AP: Hiatal hernia and esophageal reconstruction. Pre- 
sented as a postgraduate course before the American College of 
Surgeons, San Francisco, 1971. 

2. Gago O, et al: Aggressive surgical treatment for caustic in- 
jury of the esophagus and stomach. Ann Thorac Surg 13:243-250, 
1972. 

3. Leape LL, et al: Hazard to health: Liquid lye. N Engl J Med 
284:578-581, 1971. 

4. Martel W: Radiologic features of esophagogastritis second- 
ary to extremely caustic agents. Radiology 103:31-36, 1972. 

5. Gryboski W, Page R, Rush BF Jr: Management of total gas- 
tric necrosis following lye ingestion: The use of colon to replace 
both esophagus and stomach. Ann Surg 161:469-473, 1965. 

6. Allen RE, et al: Corrosive injuries of the stomach. Arch Surg 
100:409-413, 1970. 

7. Davis LL, Raffensperger J, Novak GM: Necrosis of the stom- 
ach secondary to ingestion of corrosive agents: Re of three 
cases requiring total gastrectomy. Chest 62:48-51, 1972. 

8. Steigmann F, Dolehide RA: Corrosive gastritis: Management 
of early and late cases. N Engl J Med 254:981-986, 1956. 

9. Yudin SS: The surgical construction of 80 cases of artificial 
et ge den Surg Gynecol Obstet 78:561-583, 1944. 

10. Drain cleaners. Consumer Rep 35:481-484, 1970. 


Editorial Comment 


The authors correctly emphasize the extent of damage that can 
result from the ingestion of liquid lye. At our Children’s Hospital, 
we see many children each year who have accidentally ingested 
lye. Fortunately, the need for gastric or esophageal resection be- 
cause of full-thickness necrosis and perforation is very rare, and 
many patients have burns only on the lips or in the mouth. We 
rely heavily on the history of ingestion and on examination of the 
mouth and pharynx to predict the extent of burn. Esophagoscopy 
is not performed because the value of the information obtained 
usually is not worth the risk of perforation. In addition, the gen- 
eral anesthesia that is needed for esophagoscopy in children is es- 
pecially hazardous if the child’s stomach is full. Similarly, we feel 
strongly that esophageal dilation soon after the esophageal burn, 
as advocated by some, is contraindicated. Antibiotics and steroids 
are administered whenever an esophageal burn is suspected. 

ROBERT M. FILLER, MD 
Boston 
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Nonfunctioning N onchromaffin 


Paraganglioma of the Pancreas 


Constantin Cope, MD; Stephen H. Greenberg, MD; 
Juan J. Vidal, MD; Erwin A. Cohen, MD 


A rare example of juxtapancreatic nonfunctioning nonchromaffin 
paraganglioma removed at surgery is described. It was very vascular 
and transonic. Angiographic evaluation of this type of neoplasm is 
necessary preoperatively to seek out possible coexisting sister tu- 
mors and to define its vascular and functional status. 


Bee tnng nonchromaffin paragangliomas are 
very rare tumors that are histologically identical to 
chemodectomas (the appellation is often used inter- 
changeably) but do not arise from known adult chem- 
oreceptors. They have been described in the mediastinum, 
lung, retroperitoneum, and thigh.’ 

We are reporting a rare example of a juxtapancreatic 
nonfunctioning nonchromaffin paraganglioma. 


Report of a Case 


A 72-year-old married white woman, on routine examination, 
was found to have a large abdominal mass. The same symptom- 
less tumor had been noted in 1969, two years before, on a routine 
physical examination but the patient had refused hospitalization 
because she had felt fine. At the time of her present hospital ad- 
mission, she was obese and normotensive. Significant physical 
findings were limited to the right upper quadrant of the abdomen 
where there was an old, well-healed cholecystectomy scar and a 
grapefruit-size mass protruding anteriorly below the subcostal 
margin. It was rubbery-hard, nontender, and slightly moveable in 
a lateral direction. Laboratory studies revealed mild diabetes, nor- 
mal liver and renal profiles, and serum electrolyte values within 
normal limits. Barium study (Fig 1) of the gastrointestinal tract 
disclosed slight elevation and compression of the first portion of 
the duodenum by a large noncalcified soft tissue mass that also 
displaced the hepatic flexure of the colon inferiorly. On ultra- 
sonic examination, the mass measured 11 em in diameter and was 
transonic, suggesting a diagnosis of mesenteric or pancreatic cyst. 

A midstream abdominal aortogram, followed by selective study 
of the superior mesenteric, common hepatic, and renal arteries, 
was performed. Blood pressure and pulse remained normal 
throughout the procedure. The liver, spleen, and kidneys were of 
normal size. There was a large 11 x 14-cm rounded lobulated vas- 
cular mass whose blood supply was equally derived from the pan- 
creaticoduodena! and omental arteries, and branches of the right 
colic artery from the superior mesenteric artery (Fig 2). The tu- 
mor contained a multitude of branching arteries with a rich net- 
work of coarse neovascular channels. No aneurysms, puddling of 
contrast, or arteriovenous shunts were seen. In the capillary phase 
the tumor was evenly opacified, and its edges were well demar- 
cated. Large tortuous veins, appearing at eight seconds, skirted 
the edge of the tumor posterolaterally and emptied into a patent 
superior mesenteric vein (Fig 3). A diagnosis of cystadenoma of 
ett ANN 
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the pancreas was made. No other vascular tumor was identified in 
the abdomen or pelvis. 

Under general anesthesia, a right paramedian incision was 
made. Abdominal exploration revealed no abnormalities except 
for the mass on the head of the pancreas. The posterior aspect of 
the mass was found to be adherent to the anterior surface of the 
head of the pancreas. The mass was removed by dissecting in a 
plane between the mass and the pancreas. Multiple large arterial 
and venous branches were ligated. A small portion of adjacent 
pancreas was removed. Frozen section report was a benign tumor. 
The serum amylase level was slightly elevated for several days 
postoperatively; the patient was discharged well. Follow-up exam- 
ination and upper gastrointestinal tract roentgenograms in 1972 
and 1973 revealed no evidence of recurrent tumor. The patient 
was last examined in October 1973. 


Pathological Report 


The tumor was brown and yellowish, well circumscribed, 
and covered by a thin membrane. It measured 138x117 
cm. On section it appeared red-tan, with areas of hemor- 
rhage. Microscopical examination revealed a very cellular, 
well-encapsulated neoplasm. Cells were predominantly 
large, multiangular, with a finely granular cytoplasm, and 
organized in groupings delineated by trabeculae in which 
conspicuous blood vessels were seen (Fig 4). In the area 
traversing the transition from pancreas to neoplasm, 
there was some degree of invasion of the capsule as well 
as invasion of large vascular sinuses by neoplasm. 

There were occasional cells with hyperchromatic nuclei 
and mitotic figures. The tumor did not stain with either 
chrome salts or gluteraldehyde. A diagnosis of juxta- 
pancreatic nonchromaffin paraganglioma was made with 
the pertinent comment that the presence of vascular inva- 
sion was not “a certain indicator of malignancy.” 


Comment 


In 1969, Olson and Bell' were able to compile from the 
literature only 21 cases of retroperitoneal nonfunctioning 
nonchromaffin paragangliomas. They excluded from their 
series duodenal paragangliomas that were histologically 
different in some respects. 

The average age in which retroperitoneal paragan- 
gliomas were found was 31 years, with a range of 5 to 62 
years. Signs and symptoms averaged 17 months in dura- 
tion and were attributable to the presence of a large ab- 
dominal mass. Most tumors measured 8 em or more in 
greatest diameter, with five exceeding 15 cm. They were 
generally encapsulated and hypervascular, with areas of 
focal hemorrhagic necrosis and often with cystic degener- 
ation. Histological criteria for malignancy are not well de- 
fined, and most tumors follow a long benign course. 
Twenty-eight percent of patients in this series who devel- 
oped clinical evidence of metastases were in the younger 
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Fig l.—Paacreatic mass causing elevation and widening of 
duodenal loop. 


age group. 

Review o` zhe more recent literature has added five ad- 
ditional cases, two in the pelvis,’ one in the mesentery,’ 
and two in which the site was not specified.’ 

To our knowledge, our present case report of a nonfunc- 
tioning norchromaffin paraganglioma, therefore, consti- 
tutes the 27t2 such tumor to be reported in the literature 
and only the fourth associated with the pancreas, and is 
the oldest maividual on record with this tumor. The pa- 
tient was admitted in a typical manner with a large pal- 
pable asymptomat.c abdominal mass, documented two 
years before surgery, that was probably present for many 
years before. Althcugh the tumor showed vascular inva- 
sion, the pa-i2nt has an excellent chance of cure because of 
ner age ane the lack of satellite tumors. 

Angiograpny provided the most useful diagnostic data 
in the preoperative evaluation by correcting the ultrasonic 
diagnosis o` syst and providing an accurate vascular map 
to guide the perator in zhe precise extirpation of the tu- 
mor. Although a detailed selective arteriographic study of 
the tumor was performed, there were no characteristic 
features that woulc distinguish it from other vascular tu- 
mors such as a cystadenoma, insulinoma, pheochromocy- 
toma, sarcorra, or a solitary metastasis. Gaylis et alë and 
Gough’ founc a similar nenspecific angiographic pattern. 

Angiography is recommended for the following reasons: 

(1) Preope-ative evaluation: Although the performance 
of an angiqgram on all unknown abdominal masses may 
be called “diegnost.c overkill,” it is justified if the patient 
is to be giwen the best possible chance of safe and com- 
plete extirpation of the tumor. The marked vascularity of 
paraganglieras permits one to localize the exact extent of 
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Fig 2.—Top and bottom, Arterial phase of juxtapancreatic para- 
ganglioma derived from hepatic and superior mesenteric arteries. 





the primary tumor and its spread, and also to define the 
exact blood supply by appropriate selective catheter- 
ization. Since paragangliomas grow in close association to 
major vessels, it is important to know in advance where 
they may be safely ligated or if a vascular graft is neces- 
sary. In the case reported by Sessions and Scott,’ bypass 
grafts of the inferior vena cava and aorta had to be in- 
serted in order to remove the entire paraganglioma. 
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Fig 3.—Well-defined capillary phase of paraganglioma with large 
draining veins. 


Because paragangliomas may recur slowly and silently, 
further angiographic abdominal studies may be required 
one to two years after surgery. 

(2) Possible functioning status of tumor: The embryo- 
nal origin of chemodectomas appears to derive from a 
combination of neural crest and mesodermal elements 
similar to extra-adrenal pheochromocytomas. Electron mi- 
croscopic and immunofluorescent studies’ of chem- 
odectomas reveal dense bodies containing pressor amines, 
although these tumors are clinically nonfunctioning. It is, 
therefore, not surprising that an increasing number of 
nonchromaffin paragangliomas that are functioning are 
being described in the bladder, the organ of Zuckerkandl, 
and other retroperitoneal sites. Brantigan and Katase" 
describe two functioning tumors among eight nonchro- 
maffin paragangliomas in the organ of Zuckerkandl. Spit- 
zer et al, while studying a large nonchromaffin para- 
ganglioma of the bladder, observed a marked rise in blood 
pressure following a serum selective injection of contrast 
in the hypogastric artery feeding the vascular tumor. 

Since, therefore, any vascular tumor discovered on a 
midstream aortogram can conceivably be a catecholamine- 
releasing paraganglioma, one should consequently be pre- 
pared to diagnose and treat hypertensive crises that 
might arise during the selective arteriogram. 

(3) Evaluation of tumor multiplicity: In Olson and Bell’s 
series of 26 retroperitoneal paragangliomas, there was a 
24% incidence of associated paragangliomas or chem- 
odectomas in the mediastinum and neck. It is difficult to 
understand the presence of multiple autochthonous neo- 
plasms unless one assumes that, in the embryo, parent 
neural crest cells possess a malignant potential before 
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Fig 4.—Typical area of tumor showing sheets and cords of poly- 
gonal tumor cells separated by sinusoids (hematoxylin-eosin, 
x 100). 





they migrate throughout the body to their mature sites. It 
is also of interest that there is a high familial incidence of 
chemodectoma,” and an association of chemodectomas 
with pheochromocytomas,'* and even thyroid carcinoma." 

One should be aware that chemodectomas and para- 
gangliomas are interrelated, may coexist, and may even 
develop at different times in the life of the patient." It is, 
therefore, recommended that once a paraganglioma is un- 
covered a careful angiographic survey of the abdomen and 
chest be done, in addition to detailed physical examination 
of the neck, to seek out possible coexistent but silent re- 
lated tumors. 


Norman J. Skversky, MD, referred this patient for investigation. 
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Left Upper Quadrant Appendicitis 


LCDR David E. Smith, MC, USN; LCDR James M. Jacquet, MC, USN; 


“DR Bicharc W. Virgilio, MC, USN 


A patient w'th left upper quadrant appendicitis correctly diagnosed 
>reoperatively is presented and the four cases previously reported 
are reviewed. The rarity of left-sided appendicitis coupled with the 
*requent referral of pain to the contralateral side often leads to an er- 
-oneous diagrosis. The physical examination is of limited value un- 
ess dextrocardia is neted. This case demonstrates the value and 
safety of a preoperative barium enema in localization of the appen- 
dix. The intraeperative management of unsuspected ectopic appendi- 
sitis is detailed. The use of = secondary midline incision is recom- 
mended if the cecum is net located on the right. Prophylactic 
appendectomy and fixetion of the intestines appear to be warranted 
f asymptomatic nonrozation & discovered, because of the high inci- 
dence of appendiceal perforation as well as later partial small bowel 
obstruction due to intermittent volvulus. 


eft-sided appendicitis is a rare occurrence. The ec- 

topic position of the appendix frequently causes a de- 

ay or error in diagnosis because of atypical symptoms. A 

case ef appendicitis in the left upper quadrant correctly 
jiagnosed preoperatively is reported. 


Repart of a Case 


A 31-year-old white man was admitted to the Naval Regional 
Medical Center, San Diego, ©alif, in May 1972, after the onset of 
>rogressive Giffuse abdominel pain and anorexia. The pain gradu- 
illy loealized to the left upper quadrant and left flank without ra- 
liation, and was intensified by movement and deep breathing. 
There was ne history of diarrhea, constipation, dysuria, urinary 
*requency, previous addomixal pain, prior trauma, or abdominal 
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surgery. The patient did not have testicular pain or any history of 
previous urinary calculi. The patient had been seen six hours prior 
to admission at an outlying dispensary and treated symptomati- 
cally with orally administered analgesics without relief. 

Physical examination on admission revealed a well-developed, 
well-nourished, acutely ill man, complaining of moderate abdomi- 
nal pain. The oral temperature was 38.2 C (100.8 F). Abnormal 
physical findings included decreased bowel sounds, tympany, ten- 
derness and voluntary guarding in the left upper quadrant and 
left flank. There was mild costovertebral angle tenderness. Re- 
sults of a rectal examination were normal. Admission laboratory 
studies revealed a hematocrit reading of 45% and leukocytosis 
(white blood cell count, 17,800/cu mm) with a shift to the left. The 
urinalysis demonstrated two to four white blood cells and no bac- 
teria. The serum amylase level was normal. An abdeminal x-ray 
series demonstrated a localized reflex ileus in the left upper quad- 
rant (Fig 1). Following admission, because of the patient’s contin- 
ued flank pain, an intravenous pyelogram was obtained that was 
normal. However, on these x-ray films it appeared that the cecum 
was in the left upper quadrant (Fig 2). A proctoscopic examina- 
tion was performed to 25 cm. The rectum and lower part of the 
sigmoid were in their normal position, and no other abnormalities 
were noted. Because of the patient’s continued left upper quad- 
rant tenderness and the suspicion that a malrotation of the intes- 
tines might be present, a gentle barium enema was performed. 
This study showed that the cecum was in the left upper quadrant 
with almost the entire colon to the left of the midline except for 
the hepatic flexure (Fig 3). Because of this, a preoperative diag- 
nosis of acute appendicitis appearing in the left upper quadrant 
was made. Because of the possibility of a midgut volvulus or ob- 
structing duodenal bands, exploratory surgery was performed 
through an upper midline incision. The entire small bowel lay to 
the right of the midline. The ascending colon and mesentery were 
mobile and not fused to the posterior peritoneum. There appeared 
to be a common mesentery of the colon and small bowel. The ce- 
cum was located in the left upper quadrant, overlying the splenic 
flexure. A moderate amount of turbid fluid was noted in this area, 
as well as a gangrenous appendix that was mildly adherent to the 
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Fig 1.—Admission supine abdominal x-ray film reveals reflex ileus Fig 2.—Intravenous pyelogram demonstrates cecum in left upper 
in left upper quadrant. quadrant. 





Fig 4.—Postoperative barium enema confirms nonrotation with 
Fig 3.—Preoperative barium enema shows cecum in left upper ab- entire colon except for hepatic flexure to left of midline. Cecum now 


lies in left lower quadrant. 


domen. lleum enters inferiorly and appendix is not visualized. 
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Fig 5.—Possevacuation x-ray film of barium enema demonstrates 
mepatic flexur= at midl ne and ascending and descending colon ly- 
mg parallel om left. 


æft paravertebral gutter belew the inferior pole of the spleen. The 
appendix was removed withaut difficulty. Further exploration re- 
vealed the absence of eny obstructing bands across the duodenum. 
No attempt was made to correct the nonrotation. Postoperatively 
the patient dH well and had a benign convalescence. Final patho- 
logic examinztion of zhe pacient’s appendix revealed acute ap- 
pendicitis wita focal areas of necrosis. To document the nonrota- 
ñon, a seconc barium enema was obtained four weeks following 
surgery. This revealed a noarotation of the colon with the de- 
scending and transverse colon to the left of the midline. The ce- 
aim now lay m the left lower quadrant. Only the hepatic flexure 
was fixed to fhe common mesentery just to the right of the mid- 
Ene (Fig 4 aad 5). An upper gastrointestinal tract series con- 
frmed that tl=re was no duodenal-jejunal flexure or duodenal ob- 
struction, and that the entire small bowel lay on the right side of 
tie abdomen “Fig 6). Because the patient had no previous gas- 
fointestinal tract complaints and was asymptomatic after sur- 
gery, it was believed that resperation to correct his nonrotation 
was not indicted. 


Cemment 


There hav2 been approximately 200 reported cases of 
left-sided apendicitis in zhe literature. The overall inci- 
€nce of left-sided appencicitis was reported by Nix and 
Nix as 0.071% of 4,215 appendectomies.' Hembrow? lists 
four anatome conditions shat can cause a left-sided ap- 
pendix: (1) s tus inversus, (2) nonrotation of the midgut, 
(=) hypermo»ile or “wandering” cecum, or (4) an ex- 
tremely long appendix crossing the midline. The latter 
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Fig 6.—Upper gastrointestinal tract series shows no evidence of 
duodenal obstruction. Ligament of Treitz is absent and entire small 
bowel is right of midline. 


two have only been infrequently reported.*-* The most fre- 
quent anomaly causing left-sided appendicitis is situs in- 
versus, with nonrotation being next in frequency.®:’ Both 
usually result in a left lower quadrant location for the ap- 
pendix. Blegen was able to collect 97 cases of appendicitis 
associated with situs inversus. Newburger documented 40 
instances of appendicitis in nonrotation.” Thirteen cases 
have been reported since that review,®7 19-16 

The incidence of left-sided appendices in autopsy series 
has been extremely low. Wakeley found only five cases of 
ectopic position in 10,000 autopsies, with only three of 
these in the umbilical or left-sided position.” Smith, in a 
review of infant postmortem examinations, found a some- 
what higher incidence of 0.5%. In Collins’ review of 
71,000 appendiceal specimens, he documented an associ- 
ated incomplete rotation of the large bowel in 4%.'® The 
right upper quadrant was the most common ectopic site 
for the appendix, with 3.9% being in this position. The left 
lower quadrant was the location in 0.064% of his cases, 
with situs inversus accounting for more than a third. 
There were only 40 cases in this series in which the appen- 
dix was in the left upper quadrant (0.056%). The finding of 
an appendix in the left upper quadrant has only been re- 
ported on four occasions in the past. These cases, as 
well as the present patient, represent a combination of 
nonrotation with a mobile cecum. 

The overall incidence of situs inversus ranges from one 
per 5,000 to one per 10,000 based on autopsy material.’ 
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LeWald found 29 cases of situs inversus and nine cases of 
nonrotation in 40,000 barium enemas.”* Kantor found four 
cases of nonrotation in 2,071 contrast examinations of the 
colon (0.2%).?° 

The embryogenesis of situs inversus is unknown, but it 
probably results from an embryonic accident at the time 
of conception. This condition is usually asymptomatic and 
the diagnosis is made either on routine physical examina- 
tion or by identifying transposition of the viscera on 
roentgenographic examination. Abnormalities of intesti- 
nal rotation are usually diagnosed in infancy because of 
volvulus or obstructing bands. However, nonrotation may 
be relatively asymptomatic. The mechanism of nonrota- 
tion has been postulated by Dott to represent a derange- 
ment of the second stage of rotation. The bowel out- 
grows the dimensions of the primitive celomic cavity and 
herniates into the umbilical cord at about the fifth week of 
embryonic development. This disparity in size disappears 
during the ninth to tenth week, and the small bowel reen- 
ters the abdomen first. Finally, the cecum and colon re- 
turn and the colon’s growth pushes the cecum toward the 
right. In nonrotation the colon returns first because of an 
enlargement of the umbilical orifice and then the small 
bowel reduces and pushes the colon to the left. This ac- 
counts for the usual anatomic arrangement in nonrota- 
tion. Thus, the criteria for diagnosis either at exploration 
or by roentgenographic examination are (1) the colon lies 
to the left of the midline, (2) the small bowel is to the 
right, (3) the ileum enters the cecum from the right, and 
(4) the ligament of Treitz is absent.” 

The correct preoperative diagnosis of left-sided ap- 
pendicitis in situs inversus should be simple if dextro- 
cardia is noted on the preoperative physical examination. 
Left-sided abdominal tympany may arouse suspicion of a 
nonrotation.” The clinical history is frequently prolonged, 
and the pain projection is often to the right iliac fossa in 
both situs inversus and nonrotation because visceral in- 
nervation is normal. This leads to an increased number of 
perforations and subsequent morbidity.’ The referral 
of pain to the McBurney point occurs in at least half the 
cases until the parietal peritoneum becomes inflamed.’ 
This contralateral projection of symptoms often leads to a 
futile exploration of the right lower quadrant. If the ce- 
cum is not present in the right iliac fossa, then a careful 
search of the right paravertebral gutter should be carried 
out. In situs inversus the descending colon will lie in the 
right gutter and the absence of the liver superiorly will 
confirm this. However, if only small bowel is present in 
the right lower quadrant, then an incomplete rotation is 
present. The subhepatic space should be inspected next as 
an undescended cecum is the most common type of this 
anomaly. If the cecum is not in the subhepatic area, then 
one should close the right lower quadrant incision and con- 
tinue exploration through a midline incision. This incision 
allows access to either the left upper or lower quadrant, as 
well as giving adequate exposure for division of Ladd 
bands if they are present. 

In contrast to the physical examination, roentgen- 
ograms may be helpful in diagnosing ectopic appendicitis. 
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Dextrocardia and the presence of the gastric air bubble on 
the right are pathognomonic of situs inversus. Acute ap- 
pendicitis in nonrotation may be diagnosed by the absence 
of the usual cecal gas pattern in the right gutter or the 
finding of an appendicolith on the left side of the abdo- 
men. In our patient the diagnosis was suspected because 
of the characteristic cecal gas pattern in the left side of 
the hypochondrium. The suspicion of a malrotation or 
situs inversus may be safely and easily confirmed by a 
gentle barium enema.” Nonvisualization of the appendi- 
ceal lumen is not diagnostic of an acute inflammatory pro- 
cess unless coupled with edematous deformity of the ce- 
cum.* However, Figiel and Figiel have shown that 
demonstration of a normal appendiceal lumen usually 
rules out appendicitis.” Barium examination of the colon 
in a suspected case of ectopic appendicitis can be safely 
carried out if the intracolonic pressure is kept below 90 cm 
by adjustment of the barium reservoir.” In our case, this 
examination allowed early diagnosis and selection of the 
correct incision. Earlier diagnosis should decrease postop- 
erative morbidity. Hatchette reported a similar case of 
left-sided appendicitis diagnosed prior to surgery by bar- 
ium enema." 

Fixation of the intestine in asymptomatic nonrotation 
has been recently advocated by Brennom and Bill.” They 
suggest that nonrotation should be corrected by fixing the 
duodenum to the right parietal peritoneum and the cecum 
to the left. Prophylactic appendectomy should be done at 
this time. They recommend this procedure even in the 
asymptomatic patient because in their follow-up of 46 
children with uncorrected nonrotation there were 12 chil- 
dren who complained of chronic abdominal pain or consti- 
pation and an additional four who required reoperation. 
Wang and Welch have also found a high incidence of 
duodenal and antral stasis resulting in peptic ulcer in this 
condition.” This is due to partially obstructing duodenal 
bands. In our case no attempt was made to fix the cecum 
because of the degree of peritoneal inflammation, and no 
duodenal bands were noted. Because of our patient’s lack 
of symptoms preoperatively we believed that a secondary 
operation to correct his nonrotation was not advisable. We 
agree, however, that all patients with asymptomatic non- 
rotation should undergo laparotomy and prophylactic re- 
moval of the appendix because of the extremely high 
morbidity associated with ectopic appendicitis. If the ap- 
pendix has been previously removed, then the presence or 
absence of abdominal symptoms should determine if fur- 
ther surgery is indicated. 
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Shortening and Compensatory Overgrowth Following Fractures of the Femur in Children* 


“Cole speaks of compensatory overgrowth of shortened femurs following fracture in children. 
Burcick and Siris report fifteen cases in which the fractured limb was normal or shorter than the 
opposite siee and subsequently lengthened. Of 118 cases having shortening on discharge from the 
hospital, fifty-three became normal within a period of from one year to three years. 

The fact zhat compensatory overgrowth of a shortened femur after the fracture may be expected 
in a growing child is of extreme importance in further limiting operative interference in these 


Arother point of interest in treating these cases is that alinement of the fractured ends to pre- 
vent anguletion, and extension to prevent overriding of the fragments are of greater importance 
than end-tcend apposition of the fragments. This is desirable, but union takes place without it, 
provided marked overriding is prevented. The late roentgen-ray study of fractures in which no end- 
to-end appGition was obtained shows a restitution of the shaft practically to normal.” 
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The Supracostal Approach 


for Live-Donor Nephrectomy 


John M. Barry, MD, Clarence V. Hodges, MD 


The supracostal, extrapleural approach for live-donor nephrectomy 
provides excellent exposure of the renal vessels and the upper pole 
of the kidney without traction on the renal pedicle or the inconven- 
ience of rib resection and incorporates the rib cage in its sound clo- 
sure. We recommend this approach to other kidney transplant 
teams. 


he basic surgical approaches to live-donor nephrec- 
tomy are (1) anterior intraperitoneal, (2) trans- 
pleural, and (3) lumbar extrapleural.*' The popular lum- 
bar extrapleural procedures involve 11th or 12th rib resec- 
tion, become transiently transpleural on occasion, and 
often provide limited exposure of the upper pole and the 
important hilar structures. The last problem has prompted 
at least one transplant team to resect the anterior portion 
of the tenth rib and deliberately open the underlying 
pleura and diaphragm in over 100 live renal donors.? The 
anterior transperitoneal nephrectomy usually provides 
good exposure of the renal vessels, but can result in adhe- 
sions or splenic injury. 

The supracostal, lumbar extrapleural approach’ provides 
excellent exposure of the renal pedicle and superior pole of 
the kidney without downward retraction on the hilus, does 
not require the inconvenience of rib resection, incorpo- 
rates the rib cage in its sound closure, and has not, to our 
knowledge, been described for use by kidney transplant 
teams. We have found the supracostal approach to live-do- 
nor nephrectomy extremely satisfactory and wish to bring 
it to the attention of other transplant teams. 


Methods 


The patient is placed in the lateral decubitus position with the 
table flexed and the kidney rest just under the superior border of 
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the iliac crest. The rest is raised until the lateral skin border is 
nearly flat, thus opening the intercostal spaces (Fig 1). Mannitol, 
25 gm, is infused intravenously during the next hour. A supracos- 
tal incision over the 11th or 12th rib from the lateral border of the 
erector spinae muscle continues in a projected line off the rib tip to 
the lateral border of the rectus sheath (Fig 2). The incision is 
deepened posteriorly through the latissimus dorsi and serratus 
posterior inferior muscles and anteriorly through the external and 
internal oblique muscles. The thoracolumbalis fascia now lies glis- 
tening just off the rib tips. Incision of the thoracolumbalis fascia 
proceeds anteriorly through the transversus muscle and trans- 
versalis fascia while the fingers of the other hand sweep the peri- 
toneum off the overlying fascia. A finger is now inserted between 
the rib and the diaphragm posteriorly to gently dissect the pleura 
upward as the intercostal muscles are divided close to the superior 
border of the rib, eliminating any chance of costal nerve injury. 
The slips of the diaphragm thus exposed are incised back to the 
quadratus lumborum muscle, permitting retraction of the lung 
and pleura superiorly (Fig 3). The costovertebral ligaments now 
glisten in the posterior depth of the wound, and their division per- 
mits the lower rib to pivot downward on its hinge, the costo- 
vertebral joint. If the costovertebral ligaments are not divided, re- 
traction on the downward-hinged rib may fracture it. Incision of 
the perirenal fascia and paranephric fat then exposes the kidney 
(Fig 4). The perirenal fat is dissected off the kidney, and major 
perforating renal capsular vessels are ligated or coagulated. The 
upper pole convexity is freed, taking care to identify and ligate 
any adrenal blood vessels. The proximal renal vein is then dis- 
sected; on the right to its junction with the inferior vena cava, and 
on the left to the middle of the aorta. On the right, the vena cava 
must be cleaned of enough of the surrounding areolar tissue to al- 
low the placement of two Satinsky clamps to ensure an adequate 
cuff for closure. On the left, the adrenal, gonadal, and, occasion- 
ally, lumbar veins are divided between ligatures. Any remaining 
areolar tissue between the adrenal and the kidney is then divided, 
thus completing the renal vein and the superior renal dissections. 

The kidney is then rotated medially, exposing the areolar tissue 
surrounding the renal artery. The renal artery is skeletonized as 
far proximally as possible, taking care not to disturb the perihilar 
fat that contains the donor ureter’s only blood supply. 

The tissue between the great vessels and the ureter is separated 
to the level of the iliac artery bifurcation, taking care to ensure 
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Fig 1.—Lateral decubitus position and supra- 
12th rib incision. Surgical table is flexed and kid- 
ney rest raised until intercostal spaces are opened to 
allow either supra-12th or supra-11th rib incisions. 


hemostasis and preserve a wide cuff of periureteral tissue. The tis- 
sue lateral tc the ureter is similarly dissected. The donor kidney is 
now tetherec only by its artery, vein, and ureter and is ready for 
removal. 

Heparin sedium, 1.6 mg/kg, is given intravenously and the ure- 
ter is ligated distally and transected. If the kidney does not have a 
vigoreus urine output, furosemide 10 to 20 mg is injected intrave- 
nously. Five minutes after the heparin injection, with a diuresis in 
progress and a waitirg recipient team, the renal artery and vein 
or inferior vena caval cuff are doubly clamped and these vessels 
transected just distal to the second clamp. 

The kidney is remeved and given to the recipient team. 

Protamine-sulfate, 1.5 mg’kg, is injected intravenously and the 
renal artery and vein doubly ligated with 0 silk. On the right, the 
distal Satinsty clamp is removed from the vena cava and the cuff 
zlosed with £ running 5-0 vascular silk suture that is reinforced 
with a second layer. The weund is copiously irrigated, inspected 
for pleural tears and bleediag, drained, and closed. 

Pleural lacerations are closed with fine chromic catgut over a 10- 
F catheter, the lung expanded, and the catheter withdrawn as the 
suture is tiec. 

The drain is placec in the renal fossa, brought out through a 
stab wound inferior to the meision, and sutured to the skin. 

The exposed costal nerves are blocked posteriorly with a long- 
acting local anesthetic to provide pain relief in the immediate 
postoperative period ‘Fig 5} 

The self-retaining retractor is removed and three strands of 
doubled O-chromic catgut or 0-polyglycolic acid (Dexon) are looped 
around the two ribs bordering the incision. Skimming the peri- 
wsteum of the superior rib with the needle and excluding the costal 
merve-avoids pleural laceration with the needle and nerve entrap- 
ment by the suture (Fig 6). The table is straightened until the ribs 
wan be apprcximated in their normal alignment without tension. 
The three arterior mascle and fascial layers are individually su- 
tured with 0-polyglycelic acid and the muscle layers overlying the 
Supraeostal portions of the incision are closed as a single layer. 
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Fig 2.—Lateral view of supracostal incision. Incision ex- 
tends from lateral border of erector spinae muscle to lat- 
eral border of rectus sheath and lies between ribs and their 
respective subcostal nerves. Posterior portion of incision 
allows excellent exposure of upper pole of kidney and 
renal vessels. Anterior portion of incision allows ureteral 
dissection to the level of common iliac artery bifurcation. 


The subcutaneous tissue is approximated with 3-0 polyglycolic 
acid sutures and the skin with subcuticular 4-0 polyglycolic acid so 
no skin suture removal is required. 


Comment 


From an excretory urogram, it is apparent that most of 
the kidney lies within the rib cage and that the upper pole 
and renal vessels usually lie medial to the posterior third 
of the 11th or 12th supracostal spaces. Therefore, an inci- 
sion extending into the posterior third of these spaces will 
expose the renal vessels and permit upper pole dissection 
with minimal retraction on the hilus (Fig 7). Unless the 
llth or 12th ribs are resected nearly to their respective 
costovertebral joints, the rib resecting procedures cannot 
provide the same exposure as the supracostal approach. 
While the transpleural, transdiaphragmatic tenth rib re- 
section approach provides good exposure for the donor ne- 
phrectomy, we have not found it necessary and prefer 
supra-11th rib or transperitoneal approaches to the high 
renal pedicle. 

In an obese patient, opening the anterior portion of the 
incision first allows the ribs to be palpated from within. 

Pericostal sutures simplify the posterior wound closure 
and prevent wound herniation. Approximation of the dia- 
phragm is unnecessary, as it usually assumes its normal 
position about one week after surgery (Fig 8). 

According to Mouat," the supracostal approach to the 
kidney was first described nearly 50 years ago by Bernard 
Fey and was used extensively in France and Germany in 
the 1930s because of the excellent exposure of the upper 
pole of the kidney and the renal vessels. Fey’s basic proce- 
dure was popularized and modified in the Anglo-American 
surgical literature first by Presman’ and then by Turner- 
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Fig 3.—Partially completed supra-12th rib incision. Thor- 
acolumbalis fascia is incised just superior to the 12th rib 
tip, and clamp and finger dissection separate over- 
lying intercostal muscles from slips of diaphragm and 
pleura. Incision of intercostal muscles exposes diaphragm 
slips that are incised to quadratus lumborum, allow- 
ing diaphragm and pleura to be retracted superiorly. 


Fig 4.—Completed supra-12th rib incision. 
Partially opened self-retaining retractor exposes 
kidney and places hilus in center of wound. 





Fig 5.—Subcostal nerve block. These blocks elim- 
inate incision pain in immediate postoperative pe- 


Fig 6.—Pericostal sutures, viewed from inside 
riod and allow voluntary, pain-free lung expansion. 


thorax. Doubled O-polyglycolic acid sutures are 
looped around ribs and exclude subcostal 
nerves. Straightening table and lowering kidney rest 
allows rib alignment without using rib approximator. 
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Fig 7.—Excretory urogram. Most of kidney lies within rib cage and 
upper pole end renal vessels li medial to posterior third of 11th 
and 12tn supracostal spaces; therefore, posterior portion of supra- 
costal incision exposes these areas and permits dissection with min- 
imal hilar traction. 


Warwick’ when they changed the patient’s position from 
supine to flank, extended the incision posteriorly to incise 
the costovertebral ligaments, and eliminated rib peri- 
osteal elevation. 

We have merely applied an old operation to a new surgi- 
cal problem, slightly modified the closure, found it very 
satisfactory, and recommend it to other transplant teams. 


Nonproprietary Name and 
Trademark of Drug 


Furosemide—Lasiz. 
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Fig 8.—Posterioanterior view of chest. One week postsupracostal 
incision with left lateral diaphragmatic incision, diaphragm is in its 
normal position without suturing at time of wound closure. 
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The Aortofemoral Bifureation Graft 


A Useful Extension 
Joseph L. Graziano, MD, Henry J. Sullivan, MD 


Twelve patients suffering aortoiliac occlusive disease and super- 
ficial femoral artery occlusion have undergone placement of modi- 
fied aortobifemoral Dacron grafts. The modification consisted of a 
short Dacron tube (5 cm in length and 8 mm in diameter) sutured to 
the limb of the bifurcation graft, 2 cm beneath the inguinal ligament. 
Seven patients have subsequently required unilateral femor- 
opopliteal bypasses to relieve their continuing claudication. The 
proximal anastomosis of the femoropopliteal bypass was made be- 
tween a segment of saphenous vein and the previously placed Dac- 
ron extension graft. The primary advantage of this procedure is a 
marked reduction in the dissection needed at the groin level. 


epee of the lower extremities due to aortoiliac 
4 occlusive disease combined with obstruction of the su- 
perficial femoral artery is primarily treated with an aor- 
tobifemoral Dacron graft. This procedure will improve is- 
chemic symptoms provided the profunda femoris and the 
distal segment of the popliteal artery are not substan- 
tially affected by the arteriosclerotic process. 

Approximately 50% of these patients will have satisfac- 
tory results that will preclude the need for an immediate 
additional bypass of the occluded superficial femoral ar- 
tery. 

The remaining patients will show residual ischemic 
manifestations or a recurrence of ischemic symptoms af- 
ter an initial improvement and this will necessitate per- 
formance of a femoropopliteal bypass. This procedure re- 
quires a dissection of the femoral vessels that are involved 
in a dense fibrotic process that develops around both the 
previously implanted Dacron material and perivascular 
tissue. The operation is rather difficult and may result in 
serious complications. 


Materials and Methods 

During the past year, 12 patients complaining of symptoms of 
leg ischemia due to aortoiliac occlusive disease combined with oc- 
clusion of the superficial femoral artery were treated at the Hines 
Veterans Administration Hospital with a modified aortobifemoral 
Dacron graft. 

The modification consisted of an addition of a 5-cm extension 
Dacron tube (8 mm in diameter) sutured to the limb of the bifur- 
cation graft prior to its anastomosis to the common femoral ar- 
tery. This additional segment was occluded by large hemoclips 
and left in place for possible future use. 


Surgical Technique 


1. Once the aortic anastomosis is concluded, the limbs of 
the graft are passed through a tunnel previously made in 
the retropelvic space. The length of the limb is marked on 





Accepted for publication Feb 11, 1974. 

From the departments of surgery and research, Hines Veterans Admin- 
istration Hospital, Hines, Ill, and Loyola University Medical Center, May- 
wood, Ill (Dr. Graziano). 

This technical procedure was telecasted live during the 1973 Clinical Con- 
gress of the American College of Surgeons. 

Reprint requests to Hines Veterans Administration Hospital, Division of 
Vascular Surgery, Hines, IL 60141 (Dr. Graziano). 


452 Arch Surg/Vol 109, Sept 1974 


both sides, and a longitudinal opening (12 mm in length) 
is made over the medial aspect of the Dacron limb, 2 cm 
below the inguinal ligament. Both limbs are then removed 
from the tunnel, and a Dacron tube (8 mm in diameter 
and 5 cm in length) is sutured to the bifurcation limb at an 
acute angle (Fig 1). 

2. Two large metal clips are positioned to occlude the 
Dacron extension immediately distal to the anastomosis 
between the extension and limb of the bifurcation graft. 
The open end of the extension is then closed with a contin- 
uous 5-0 cardiovascular suture (Fig 2). A heavy cardio- 
vascular suture (#2) is anchored to the extension to be 
used as a tag. The ends of this suture are brought up and 
left in the subcutaneous tissue. 

3. At the time of the femoropopliteal bypass, the suture 
line at the end of the Dacron extension is excised. With a 
vascular clamp in place just distal to the anastomosis, the 
hemoclips are removed and a #5 Fogarty embolectomy 
catheter is introduced through the extension, advanced 
upward into the lumen of the limb, inflated, and with- 
drawn. The pseudointima occluding the origin of the ex- 
tension is removed, resulting in a pulsatile flow in the & 
mm graft (Fig 3). 

4. A vascular clamp is applied and an end-to-end 
anastomosis is performed between a segment of saphe- 
nous vein and the Dacron extension (Fig 4), obtaining a 
composite graft (Fig 5). 


Results 


Three of our 12 patients showed no improvement of 
their ischemic symptoms in the immediate postoperative 
period, and femoropopliteal bypasses were therefore per- 
formed. Four additional patients were readmitted within 
a nine-month period. These patients, although improved, 
complained of disabling claudication and were also 
treated with a bypass of the occluded superficial femoral 
artery. In all seven cases, the proximal anastomosis of the 
femoropopliteal bypass was constructed in an end-to-end 
fashion utilizing the Dacron extension. 

The initial surgical results in all seven cases (femoro- 
popliteal bypasses) have been excellent. All the patients 
recovered pulses at the ankle level and symptomatic im- 
provement is present. The longest follow-up time is 12 
months. 


Comment 


The major advantage of this alteration of the standard 
aortobifemoral bypass graft is the ease of dissection at 
the groin level required during the reoperation. The origi- 
nal femoral anastomosis is left undisturbed and the dis- 
section of the profunda femoris artery is avoided. 

The resultant femoropopliteal reconstruction is in es- 
sence a composite graft and should be subject to the same 
patency rates as other Dacron-saphenous vein composite 
grafts. The extremely short segment of Dacron employed 
would hopefully result in greater patency of the composite 
graft, but this is unproved. 
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Fig 1.—Initial placement Fig 2.—Placement of hemoclips 
of modifæd aortodifemoral . 7 at origin of Dacron extension. 
Dacrcn bypass graft. 


#5 Embolectomy 
catheter 


Fig 3.—Fogarty embolectomy 
catheter is advanced upward into 
Dacron extension at time ef reoper- 
ation, obtaining pulsatile flow. 


Fig 4.—Anastomesis of sa- 
pheneusvzinto Dacronexten- 
sion at time of reoperaticn. 
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Fig 5.—Composite graft of saphenous 
vein and Dacron extension resulting in femo- 
ropop iteal bypass. 
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Technical Aids and Catheter Evaluation 
b Charles R. Sachatello, MD, Ward O. Griffen, MD 


Fig 1.—Silver clip is placed at junction of cystic duct and 
gallbladder initially; second clip holds cholangiogram cathe- 
ter in place. This clip may be placed tangentially (insert). It is 
advisable to inject saline as clip is applied to preclude lumen 
obliteration by clip. It is possible to injure common duct if 
catheter is withdrawn vigorously with clip in place. 
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4 Operative Cholangiography 


The relative advantages and disadvantages of the pediatric feeding 
tube, the Taut cholangiogram catheter, the Edslab cholangiography 
catheter, the Becton-Dickinson cholangiogram needle, and a bent or- 
dinary 21-gauge needle were characterized in a series of 400 intra- 
operative preexploratory cholangiograms. The increasing refinement 
of cholangiogram catheters, combined with the use of a silver clip 
for intraluminal cystic duct securement of the catheter, increases the 
facility of routine intraoperative cholangiography. 


f pp General Surgical Service at the University of Ken- 
tucky Medical Center has performed approximately 400 
intraoperative preexploratory cholangiograms in the past 
three years. Experience gained from a variety of tech- 
niques and catheters suggests that while no single method 
is optimum for all patients, minor technical refinements 
are helpful in most patients.’ 


Operative Techniques 


The cystic duct, common bile duct, and common hepatic duct are 
identified at the onset of the operative procedure. The cystic duct 
is either ligated or clipped close to the gallbladder as soon as one 
ascertains it does not give origin to the right hepatic duct. This 
step is advocated especially in patients with multiple small stones 
or a patulous cystic duct to prevent stones from passing into the 
common duct during subsequent manipulation of the gallbladder. 

A small transverse incision is placed in the cystic duct, which is 
then cannulated and clipped (Fig 1). Two x-ray films are taken 
using 6 to 10 ml of 25% diatrizoate sodium (Hypaque sodium 50) 
initially and 12 to 15 ml of 25% diatrizoate sodium for the second 
x-ray film. Ideally, the first will show the common bile duct, com- 
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Length, 


Cholangiography Aids 


Advantages 


East of cannula- 
tion, disposable, 
low cost 


Fairly easy to can- 
nulate with; not 
dislodged easi- 
ly; not occluded 
by ligature 

3-way stopcock, 
not dislodged 
easily 


Easily resterilized, 
low cost 

May be introduced 
by hand in many 
patients; forceps 
not necessary; not 
dislodged easily 

Adaptability, 
low cost 


Size cm Characteristics 
Premature 5F 38 Extremely smooth, tapered 
infant end; soft pliable tubing; 
feeding end hole, two side holes 
tude 
Tautcholan- 5F 44 Rigid and stiff; end hole 
giegrarm 
catheter 
Edslab chea- 4F 40 Firm tubing; 3-way stopcock 
laagiog 
raphy 
cathete 6f Designed for repetitive use, 
requires gas sterilization 
Becten- 21-Zauge 3.2 Thick-walled needle with 
Dickso ) obturator 
cholangio- 
gram 
needle 
21-gauge 21-gauge 3.2 Can be bent to almost 45° 
needle without occluding lumen 
23-gauge Very useful for direct in- 


jection of common duct 


mon hepatic duct and left and right hepatic ducts with only a mil- 
liliter or two of dye entering the duodenum. The second x-ray film 
will show the majority of the intrahepatic ducts and duodenum. 
The head-doevn position and rotation of the patient 15° to the 
right to shift the amrullary area off the vertebral column is used 
as indicated. 


Cathecer Evaluation 


Four basc catheters for cystic duct cannulation have 
been used (Table and Fig 2): (1) pediatric feeding tube, (2) 
Taut cholangiogram catheter, (3) Edslab cholangiography 
catheter, and, (4) Eecton-D:ckson cholangiogram needle. 

Premature Infant Feediag Tube.—The premature infant 
feeding tube has been used for the majority of cholangio- 
zrams. Its :mooth <aped end facilitates cannulation. Dis- 
advantages characteristics are as follows: (1) the pres- 
ence of a sde hole 1 cm from the end hole necessitates 
that the tube be passed intc the common duct in most pa- 
tients; (2) tae tubing is sc pliable it can be occluded or dis- 
‘odged easily in the course of securing it with a ligature or 
silver clip; 8) an adapter is required with most syringes; 
‘4) it is too short. 

Despite the disadvantages listed above, the flexibility 
and pliabili-y of the tube that all but preclude inadvertent 
eatheter pe-foration of the common duct, the ease of cys- 
zic duct can aulation, low eosz, and one-time usage warrant 
“ts continued use. 


Fig 2.—Prenature infant eeding tube (innermost), Taut cho- 
langiogram catheter (middle), Edslab cholangiography catheter 
outermost), 3ecton-Dickson needle (left), and ordinary 21-gauge 
meedie bent tə facilitate direct common duct puncture (right). 
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Disadvantages 


Too short; requires adapter 
for syringe; easily oc- 
cluded by ligature; easi- 
ly dislodged; side hole 
necessitates passing 
catheter into common 
duct 


Difficult to advance in cys- 
tic duct in some patients 


Too big for many cystic 
ducts 


Would appear preferable 


Requires extra tubing, short 
length of needle 


See text 
Requires extra tubing 


Routine direct puncture of 
common duct may result 
in excessive bile leak 

postoperatively 









$0.25 









$2.75 







$7.50 








Needle 
$2.00 
Tubing 
$ .30 









Needle 
$ .05 
Tubing 
$ .30 
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Taut Cholangiogram Catheter.—This catheter was specif- 
ically designed for cystic duct cholangiograms. The 
shoulder on the catheter tip is advantageous in decreasing 
the likelihood of dislodgment. The rigidity and stiffness re- 
duce the likelihood of lumen obliteration by either ligature 
or clips. It is not quite as easy to cannulate the cystic duct 
compared with the pediatric feeding tube. The valves of 
Heister in the cystic duct prevent advancement of this 
tube in about 5% of patients. 

It is fairly easy to inject 25% diatrizoate sodium through 
this tube but 50% diatrizoate sodium requires extra sy- 
ringe pressure. Several surgeons in our group consider the 
tubing to be somewhat too rigid and have been concerned 
about the possibility of duct perforation. 

Cystic duct anatomy lends itself to the use of a silver 
clip to secure this tube in about four cases out of five. 

Edslab Cholangiography Catheter.—We have recently 
learned that this catheter is now manufactured in a size 
4F, but our experience is based solely on the use of the 6F 
size. 

The catheter has a well-designed shoulder that reduces 
the likelihood of dislodgement and is sufficiently rigid to 
preclude lumen obliteration by ligature or clips. The three- 
way stopcock is a definite advantage. We found the 6F 
size too large for many cystic ducts, but are told the 4F 
size overcomes this disadvantage. The catheter is de- 
signed for repetitive use and requires gas sterilization. 

Becton-Dickson Cholangiogram Needle.—This type of 
needle with a smooth obturator is especially useful for cys- 
tic duct cannulation. It combines the economic advantages 
of low initial cost and ease of resterilization with the tech- 
nical advantages of ease of cannulation and intraluminal 
securement. 

The needle as shown would benefit from several minor 
changes. The needle distal to the obturator should be re- 
moved so that the smooth obturator is the leading point on 
entry into the cystic duct. The needle should be several 
centimeters longer and the hub should be enlarged so that 
the surgeon could grasp it by the hub and insert it without 
the aid of instruments. The necessity of an inter- 
connecting intravenous extension set tubing, although a 
minor disadvantage, offers the surgeon the opportunity to 
see the nature and character of the bile aspirate prior to 


the cholangiogram and to check the system for air bub- 
bles. 

In approximately 10% of patients, cystic duct cannula- 
tion is unsuccessful or not possible. In these patients, 
direct needle puncture of the common duct can yield ex- 
cellent preexploratory cholangiograms. An ordinary 23- 
gauge needle bent as shown in Fig 2 will stay in the com- 
mon duct during injection and result in minimal leakage. 

An occasional cholangiogram performed by direct punc- 
ture of the common duct may be associated with excessive 
intraoperative or postoperative biliary leakage through 
what appears to be an almost invisible hole in the common 
duct. This observation suggests that, although direct com- 
mon duct puncture may be easier than cystic duct cannu- 
lation, it may be associated with a somewhat higher com- 
plication rate in routine cases. Its prime indication is in 
reoperative biliary procedures and with unusual or ob- 
scure anatomy.* 

The use of a silver clip to secure the cholangiogram 
catheter in the cystic duct is practical in about nine pa- 
tients in ten (Fig 1). With small cystic ducts, the standard 
size clips are adequate; with larger cystic ducts, the 5-mm 
clips are helpful. 

When the cholangiogram catheter is semirigid, the clip 
can be applied firmly without occluding the catheter lu- 
men. When using softer tubing, such as the pediatric feed- 


ing tube, it is usually necessary to have an assistant inject 


saline while the clip is being applied to preclude lumen ob- 
literation. 

Routine operative cholangiography will not prevent an 
occasional retained stone and adds a minimum of 15 to 20 
extra minutes to the average operative time. Indeed, it 
may even contribute to an increased wound infection rate. 
Nevertheless it is a valuable technical adjunct in biliary 
procedures in most patients, and a mandatory part of the 
well-planned operative procedure in others. 

No single technique, tubing, or catheter will be ideal or 


practical in every patient. Nevertheless, the availability of 


a variety of specifically designed tubes for operative cho- 
langiography is an asset to both surgeon and patient. The 
use of a silver clip to secure the catheter in the cystic duct 
is a helpful maneuver. 
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Special Commentary 





Wound Dressing or Window Dressing? 


Sig mysique o? the dressing as 
a cruczl factor in wound healing 
is apparent an ineradieable part of 
our surgica heritage. In point of fact, 
the experience of modern surgery 
suggests that a drassing may be su- 
periiuous—E not actually counter- 
procuctive—in many situations. A re- 
cent artic=' in a trade journal 
presents ar elegan: rationale for the 
use of some kind of dressing under 
virtually al circumstances. While ac- 
xnowledginz the special require- 
ments tha? may 2xist with burns, 
zra'ts, anc wouncs crossing joints, 
for example, I should like to indicate 
that, in the case of the clean incised 
surgical wound, prolonged postopera- 
tive use of a dressing is not only dis- 
advantagecis but potentially hazard- 
Dus. 
For the past 20 years it has been 
my practiceco employ a minimal, loose- 
ly applied dressing for every clean 
thoracotom” incision and to remove it 
prompt y oa the morning after sur- 
zery. Baeteriologically speaking, 
wounds ae probably effectively 
sealed within a few hoars of oper- 
ation, and early exposure of the sur- 
gical weunc has not resulted in an in- 
sreassed rete of infection. This 
2xperience aas been similar to that of 
others.** Im the case of the thoracot- 
omy wound major and minor advan- 
zagesof prampt removal of the dress- 
ng include the following: 

1. Mininæzing surface bacteria 
count: It is ‘well known that bacteria 
resident im sweat glands and skin 
crevices maz come to the surface with 
sweating. The darkness, moisture, 
and heat that obtain under a surgical 
dressing favor bacterial growth. Ex- 
posure of the wound fosters a dry, 
clean environment that discourages 
dacterial proliferation. 
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2. Promoting patient comfort: Pa- 
tients invariably find that the wound 
is more tolerable once the dressing is 
removed. 

3. Improving respiratory dynam- 
ics: Ventilatory movement of the tho- 
racic cage is impaired when ham- 
pered by a dressing. 

4. Avoidance of adhesive tape irri- 
tation: Susceptibility of skin to irrita- 
tion from adhesive tape varies from 
patient to patient, but occasional- 
ly may be substantial and often is 
directly related to duration of con- 
tact. 

5. Facilitating roentgenogram in- 
terpretation: Postoperative chest 
roentgenograms are usually taken 
with portable technique and hence 
are not technically ideal. Under these 
circumstances, radiopaque material 
in the dressing or in the adhesive 
tape may produce adventitious shad- 
ows that confuse roentgenographic 
interpretation, especially when one is 
trying to ascertain the position of the 
pleural margin of the lung in order to 
assess reexpansion. 

6. Reduction of expense: Unneces- 
sary dressings cost as much as neces- 
sary ones. 

7. Ease in evaluating postoperative 
fever: The cause of postoperative fe- 
ver due to wound infection is usually 
evident if the wound is not hidden by 
a dressing. 

8. Opportunity to study wound 
healing: It is unfortunate that a basic 
surgical process, the healing of clean 
incised wounds, is traditionally con- 
cealed from the prying eyes of medi- 
cal student, house officer, and surgeon 
by a formidable dressing. 

9. Early resumption of personal 
skin hygiene: The presence of a fresh 
surgical wound does not contraindi- 
cate those appropriate hygienic mea- 


sures to which a patient is accus- 
tomed.t A bath or shower is 
particularly welcomed by most pa- 
tients and has additional significance 
as an indicator that convalescence is 
progressing well. Needless to say, the 
presence of a wound dressing would 
render this approach impracticable. 

Further, though I must defer to my 
general surgical colleagues in this 
matter, wounds with large skin 
flaps—radical mastectomy incisions, 
for example, or groin dissections—are 
better managed by contimuous suc- 
tion applied under the flap rather 
than by a bulky pressure-dressing ap- 
plied over it. 

In summary, then, there would 
seem to be cogent arguments for dis- 
pensing with dressings for clean in- 
cised surgical wounds, at least after 
the first 24 hours. In other situations 
dressings may still be necessary or 
desirable, but the decision to employ 
them should be based on clinical evi- 
dence and not on tradition—however 
venerable—or unproven postulates 
about wound healing—however ap- 
pealing. 

EUGENE G. LAFORET, MD 
Thoracic Surgery Service 
Newton- Wellesley Hospital 
Newton Lower Falls. MA 02162 
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Letters to the Editor 


The editor will be pleased to receive cor- 
respondence of 250 words or less that per- 
tains to material published in the AR- 
CHIVES or to other matters of interest to its 
readers. Letters should be typewritten 
double-spaced and should be clearly 
marked “For Publication.” No more than 
two references are permitted and illustra- 
tions are acceptable only when essential to 
the message. 


Hemorrhoids 


To the Editor.—Your editorial, 
“Hemorrhoids,” in the June ARCHIVES 
(108:762, 1974) intrigues me on two 
counts. 

Thulesius and Gjéres admit, as you 
say, “that the traditional cause of 
hemorrhoids, increased local pressure, 
is as important as ever.” In view of 
two means of venous drainage of the 
hemorrhoidal plexus, the caval venous 
system and the portal system, pres- 
sure, in my opinion, is seldom a prin- 
cipal cause of hemorrhoids. A notable 
exception to this is the presence of a 
pelvic (and abdominal) tumor that 
may exert pressure on hemorrhoidal 
tributaries to both the caval and the 
portal systems, as in pregnancy in its 
third trimester. However, hemor- 
rhoids oecur also in women who have 
never been pregnant and in men. It 
seems logical, therefore, to assume 
the presence of a principal factor in 
the pathogenesis of hemorrhoidal dis- 
ease that is common to both sexes. 
This factor is anal infection, involv- 
ing anal crypts, anal ducts, and anal 
glands, with invasion by infectious 
material from the bowel content. 

The concept of anal infection as the 
chief etiologic factor in hemorrhoidal 
disease has not received general ac- 
ceptance by surgeons, but a better ex- 
planation is not yet at hand. 

J. PEERMAN NESSELROD, MD 
Santa Barbara, Calif 
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Cancer of the Thyroid 
in Three Generations 


To the Editor.—I have a very inter- 
esting follow-up on a case first re- 
ported by Drs. Barker and Brines in 
“Hyperfunctioning Adenoma of an 
Ectopic Parathyroid Gland” (Arch 
Surg 39:205, 1939). The patient’s 
course was uneventful from 19389 to 
1947, when she developed a nodular 
goiter. In February 1947 a thyroidec- 
tomy was performed, the pathological 
report was unknown; in 1964 lymph 
nodes were present and a neck gland 
dissection was done. The pathological 
diagnosis at that time was metastat- 
ic papillary adenocarcinoma in the 
lymph nodes, primary thyroid, chronic 
thyroiditis, and small benign ade- 
nomas of the thyroid. In 1971, slides 
were obtained from the 1964 lymph 
node dissection and restained for am- 
yloid and reexamined. At this 
time, the diagnosis was corrected to 
medullary carcinoma of the thyroid. 
At the present time, her health is 
excellent and she shows no sign of 
metastasis. 

I saw the patient’s daughter in 
1971; she had a nontoxic nodular gol- 
ter and the pathological diagnosis 
was medullary carcinoma of the thy- 
roid gland. Her present health is ex- 
cellent, and she shows no sign of 
metastasis. 

Further investigation showed that 
the patient’s mother also had a thy- 
roidectomy in 1962 for carcinoma of 
the thyroid gland. The pathological 
diagnosis was “poorly differentiated 
adenocarcinoma of the thyroid, origi- 
nating in adenomas.” She died in 
1965, and the autopsy showed meta- 
static carcinoma of the liver and both 
adrenal glands, which were reported 
as similar to the primary carcinoma 
of the thyroid surgically removed in 
1962. This patient died with a sub- 
dural hemorrhage from a fall, with no 
evidence of cerebral metastasis, at 
age 65. 

In summary, the patient who was 
originally reported in 1939 with hy- 
perfunctioning adenoma of the para- 
thyroid gland later developed medul- 
lary carcinoma of the thyroid, as 
did her daughter. Her mother had a 
poorly differentiated adenocarcinoma 
of the thyroid. No other members of 
this family are known to have devel- 
oped thyroid or parathyroid abnor- 
malities up to the present time. 

JOHN R. SINKEY, MD 
Toledo, Ohio 


Whatever Became of the 
Esophageal Balloon Tube? 


To the Editor.-The March 1974 is- 
sue of the ARCHIVES presents a strik- 
ing paradox between its lead editorial 
(a plea for selectivity and cost con- 
sciousness in using sophisticated 
laboratory services) and the major 
symposium on treatment of portal 
hypertension. I will grant that the 
symposium is informative and well 
organized, but it leaves the old coun- 
try doctor wondering why esophageal 
balloon tamponade gets short shrift. 

In their section on emergency 
shunts, Dr. Orloff et al (108:293, 1974) 
emphasize specifically that “no pa- 
tient was treated with esophageal 
balloon tamponade,” and one wonders 
why not—if only to stop bleeding and 
reduce the number of transfusions 
needed between admission and oper- 
ation. 

Dr. Nusbaum and his associates 
(108:342, 1974) control portal hyper- 
tension by selective mesenteric arte- 
rial infusion of vasopressin, which is 
a beautiful way to go, in those hospi- 
tals that are geared up for the tech- 
nique. 

Out here in the boondocks we do see 
patients exsanguinating from esoph- 
ageal varices, and we do still use bal- 
loon tamponade. It still stops the 
bleeding, and when it does not we 
look for gastric or duodenal ulcers. It 
helps differential diagnosis, it buys 
time, and it saves lives. Our experi- 
ence is not vast and our results are 
not spectacular, but every patient of 
ours who has survived literally owes 
his life to the esophageal balloon 
tube. It should not be overlooked or 
disparaged in any discussion of cir- 
rhosis, portal hypertension, varices, 
and hemorrhage. 

Jonn A. DooLinc, MD 
Watertown, NY 


Reply 


To the Editor.—Since its introduc- 
tion by Sengstaken and Blakemore in 
1950, esophageal balloon tamponade 
has been used throughout the world 
to control bleeding from esophageal 
varices. Abundant data indicate that 
balloon tamponade stops bleeding 
temporarily in 45% to 84% of patients. 
The disheartening feature of this 
form of treatment is that a majority 
of patients (80% in a two-year pro- 
spective study that we conducted) re- 
sume bleeding when the balloons are 
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deflated. Moreover. in the experience 
of many workers, balloon tamponade 
is associate] with an inordinate inci- 
dence of camplications, including as- 
piration preumonia, perforation of 
the esophagus, and asphyxia from 
slippage of tne balloon up into the 
pharynx. Most important, a large 
amount of daza have shown that bal- 
loon tampmade has failed to lower 
the mortality from bleeding varices 
-n cirrhosis despite 24 years of wide- 
spread trial | 

We have ‘ound tkat systemic intra- 
yeneus inject.on of poscerior pitui- 
cary extrac (Pituicrin) @0 units di- 
uted in 2@ ml of 5% dextrose in 
water, admin stered rapidly over a 
15-minute period) stops varix hemor- 
-hage for sx to eight heurs in over 
90% of patxnts, and buys sufficient 
-ime to complete the diagnostic stud- 
ses and initāte definitive therapy. In- 
ravenous administration of posterior 
pituitary extract is simpler and is as- 
ociated wih many fewer complica- 
‘ions than balloon tamponade, and 
-or these rezsans has replaced balloon 
“amponade is our means ef obtaining 
mitial hemostasis. In our opinion, the 
enly indicacioms for using balloon 
“amponade, and they are infrequent, 
ere (1) to obtam temporary control of 
massive heraorrhag2 in tne rare pa- 
fent who fails to responé initially to 
mtrevenous injection of posterior pi- 
tuitary extract, (2) to control bleeding 
n the few patients who refuse or do 
mot qualify for an emergency por- 
caval shumt, and (3) to ccntrol re- 
current varm& bleeding fellewing an 
meffective portacaval shunt, a situ- 
ation that should arise infrequently. 

The crux of the problem concerns 
tne validity ef zhe traditional practice 
@ attempting to temporarily control 
\arix hemor-hage for days or weeks 
ia the hope that the patient can be 
brought intc better shape for a de- 
fmitive elect-ve portacava! shunt at a 
later time. Substantial data have 
saown that -hë hope has been real- 
ised too infrequently. The results of 
oar prespectove stud_es of emergency 
treatment of bleeding varices in cir- 
raotics suggest that the early use of 
definitive therapy, im the ‘orm of an 
emergency portacayal shunt per- 
f-rmed with n hours of the onset of 
beeeding, is he only currently avail- 
adle means o” s gnifieantly improving 
tae overall survival of the dleeding 
carhetic popaletion. 

M-FRSHALL J. CRLOFF, MD 
5an Diego, Caif 
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Robert M. Goldwyn, MD 
Book Review Editor 
1101 Beacon St 
Brookline, Mass 02146 


Fundamental Techniques of Plastic 
Surgery and Their Surgical Appli- 
cations, by Ian A McGregor, 301 pp, $20.25, 
Williams & Wilkins Co, 1972. 


Only a frugal Scot could have writ- 
ten this fifth edition of the world’s 
best-selling book on plastic surgery in 
only 300 pages. This fifth edition is 
worthy of a case report, being one of 
the few instances where five repeated 
operations by an author on his loved 
one have met with unmitigated suc- 
cess. 


Report of a Case 


This 13-year-old, spare but wiry, in- 
telligent, British-born volume has 
traveled worldwide. It acquired the 
slightest North American veneer over 
the years, mostly from trying to help 
North Americans work with their 
own equipment. Speech, however, is 
unmistakably crisp Queen’s English, 
despite origin north of Hadrian’s 
wall. 

The book dedicates itself to a sin- 
gular mission: to hammer the most el- 
ementary (and the most important) 
of reconstructive surgery’s funda- 
mentals into the beginning surgeon, 
whether he be student, resident, or 
even nonsurgical physician faced 
with responsibility for primary 
wound care. Fundamental Tech- 
niques of Surgery and Their Surgical 
Applications adheres to absolute fun- 
damentals without slighting any of 
them. 

Family History.—This volume is a 
product of a home that is probably 
unmatched in the number of family 
members who are reknowned plastic 
surgeons (Glasgow and West of Scot- 
land Regional Plastic Surgery Ser- 
vice). 

Inspection.—Inspection reveals ob- 
vious vitality and an efficient layout 
with illustrations that demand cover- 
to-cover reading. Pages 1 to 184, in 
particular, are fundamental to the 
work of any surgical specialty. Latter 
sections focus on special interests. If 
the examiner experiences déja vu 
from the excellent illustrations, it is a 
result of previous exposure to plagia- 


rized 35-mm copies that are endemic 
to most teaching institutions. Search 
with a magnifying glass reveals a 
few warts and moles, but also shows a 
much larger number of well-healed 
wounds where previous lesions have 
been excised. 

Psychological Testing.—This book is 
completely lacking in pretensions, 
without even vestigial ambitions 
toward playing the role of a reference 
volume; rather its energies are occu- 
pied with the constructive obsession 
of developing the theme spelled out in 
its title. 

Differential Diagnosis.—At first the 
examiner may feel that a diagnostic 
dilemma is present involving Mc- 
Gregor, fifth edition, and Grabb and 
Smith, second edition. Available data, 
however, prove this dilemma specious. 
Both entities are quite distinct in 
their goals and their structure. 

Final Diagnosis.—The fifth edition 
of Fundamental Techniques of Plas- 
tic Surgery and Their Surgical Ap- 
plications by Ian A. McGregor is a 
unique and essential nutrient for its 
chosen hosts. Every student and ev- 
ery teacher of plastic and reconstruc- 
tive surgery should have a copy im- 
mediately available. 

Davip W. Furnas, MD 
Irvine, Calif 


Color Anatomy and Kinesiology of 
the Hand. By Hosein A Motamed, MD: Price, 
$50. Pp. 145. Hosein A Motamed, MD, 7141 N 
Kedzie Ave, No. 1504, Chicago, IL 60645, 1973. 


The essence of this book is the 120 
color plates (one third of them of 
bones) displaying the anatomy of the 
forearm and hand in dissected fresh 
human hands. Dr. Motamed dissected 
120 fresh and 60 cadaver hands, took 
color photographs of some, and wrote 
the accompanying text. 

The first 40 pages of this 145-page 
monograph relate to the bones of the 
forearm and hand and how they ar- 
ticulate. Then there are 23 pages on 
the forearm and hand muscles; this to 
me is the heart of the book. This is the 
only chapter where the author really 
shares with us some of his 180 hand 
and arm dissections by describing 
variations of the muscles. For ex- 
ample, in 16 of 120 fresh specimen 
dissections, the flexor digitorum su- 
perficialis muscle to the little finger 
was absent. The photography is good, 
and I like the light blue baekground. 

Following this are 20 good pages of 
text and color photographs of the 
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neurovascular system and then seven 
pages on fascia and retinacula of the 
hand. The last two chapters on the 
physiology of motion and surface 
anatomy are all right. A table repre- 
senting the functional excursion val- 
ues of tendons in 50 subjects is of 
value. There is no effort to apply this 
anatomy directly to surgical tech- 
niques, even in the short chapter on 
surface anatomy. 

This is a fine anatomy book that is 
of special value because of its excel- 
lent photographs of the real thing. As 
a reviewer might say, it belongs in 
every hospital and medical school li- 
brary, and even in your personal li- 
brary, if you can afford $50. 

WILLIAM C. GRABB, MD 
Ann Arbor, Mich 


Clinics in Plastic Surgery: Plastic 
Surgery in the Non-Caucasian, edited by 
Khoo Boo-Chai, 198 pp, $18, WB Saunders Co, 
1974. 


This issue marks the debut of Clin- 
ics in Plastic Surgery, to be published 
quarterly. For the new series, Dr. 
Blair O. Rogers is the consultant and, 
for this number Dr. Khoo Boo-Chai is 
the guest editor. 

That this volume is concerned with 
plastic and reconstructive surgery in 
the non-Caucasian is refreshing and 
instructive. Despite the universality 
of some human traits, genes and ge- 
ography do make a difference. Micro- 
tia, for example, is more common in 
Tokyo than in New York City. Dr. 
Seiichi Ohmori reports on the surgical 
management of 269 cases. 

More than the unusual quantity of 
this experience, the author is able to 
share perspectives and philosophy. 

Other topics discussed are filarial 
elephantiasis of the lower extrem- 
ities, leprosy of the head and neck, 
frontal-ethmoidal encephalomeningo- 
cele, burns, and nasal reconstruction. 
The Occidental influence has created 
a new dimension for the plastic sur- 
geon, and there are excellent chapters 
on cosmetic rhinoplasty in the Ori- 
ental by Dr. M. Furukawa and west- 
ernization of the Eastern-eye by Dr. 
Sayoc to aid him. Hypertrophic scar- 
ring and keloids are frequent afflic- 
tions of the non-Caucasian, and there 


is much on these subjects to stimulate | 


the reader. 

Curious facts, for example, are that 
albinos never get keloids; earlobe ke- 
loids are rare in men; and the natural 
history of keloids is toward spontane- 
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ous regression, even after 40 years’ 
duration. 

Let us hope that the rest of the 
Clinics in Plastic Surgery are as 
readable and worthwhile as this 
inaugural volume. 

ROBERT M. GOLDWYN, MD 
Brookline, Mass 


Psychological Aspects of the ‘‘Cleft 
Palate Problem,” vol 1 and 2, by DC Spries- 
tersbach, 172 pp (vol 1), 300 pp (vol 2), $12.50 for 
both volumes, University of Iowa Press, 1973. 


This 172-page book represents a 
monumental study, with a plethora of 
data—both factual and “personal”—of 
the “life and times” of the child-fam- 
ily “syndrome” of cleft lip and palate, 
from birth to 16 years. Clinical fam- 
ilies and “control” families of 175 
child-parent combinations each were 
studied. 

How does one study the physician, 
nurse, mother, father, patient, sib- 
ling, grandparent, urban-rural, fi- 
nancial, speaking, hearing, learning, 
feeling, surgery, dentistry, speech 
training, neighbor, peer, teacher, 
store clerk, religious relationships to 
cleft lip and palate? The Kinsey inter- 
view technique, with modifications by 
Darley, was utilized as the method of 
study, and it appears to have been 
well suited to the task. 

Hypotheses of the study were as 
follows: (1) Factors in addition to an- 
atomical deviations differentiate the 
child with cleft palate from other chil- 
dren. (2) The nature and severity of 
adjustment problems of individuals 
with clefts are determined in part by 
(a) adequacy of information parents 
of these children have concerning the 
disorder, (b) parental attitudes and 
patterns of response toward the 
child’s defect, and (c) management 
procedures used by various agencies 
and individuals working with the 
child. (3) Comprehensive programs of 
aid to individuals with clefts are 
inadequate insofar as personal and 
social adjustment of these individuals 
is concerned unless these programs 
include more than surgical, dental, 
and speech habilitative procedures in 
a narrow sense. 

Medical, dental, psychological, in- 
tellectual, speech, and audiological ex- 
amination results were incorporated 
with interview data and interrelated 
wherever relevance existed. 

Factors like family size, birth or- 
der, parental age, religion, urban or 
rural home, socioeconomic level, sex, 
cleft type, and father occupation were 


related to factors such as cleft his- 
tory, original informant that cleft ex- 
isted, reaction of the informant and 
of each parent, amount of informa- 
tion given, habilitation measures de- 
scribed, “hope” or “hopelessness” 
offered, elapsed time from birth te in- 
forming parents of the cleft, parents’, 
relatives’, and neighbors’ beliefs 
about cause, parents’ reaction on first 
seeing child, later impressions of each 
parent regarding “prettiness” of 
their child, and whether surgical, den- 
tal, and speech procedures were ex- 
plained before, during, or after the 
fact. Spouses’ impressions of each 
other’s reaction to the cleft, to the 
feeding, appearance, responsibility 
for cause, and to child-rearing prac- 
tices are noted; each of their impres- 
sions about the child’s feelings about 
his own looks, worthwhileness, and 
peer relationships are outlined. 

The affected child was compared 
with his noncleft control regarding 
self-concept, shyness, outgoingness, 
intellect, management of teasing, 
willingness to “show” feelings, likes 
and dislikes for school, socialization, 
and communicative ability. 

Verbatim statements by parents 
and children are given. These are fre- 
quently shocking to the “cleft palate 
specialist” and the mental hygienist. 
Yet, each reader who has worked with 
the “cleft palate problem” will, no 
doubt, feel some responsibility. 

Limitations of education about 
clefts among professional health care 
individuals not on the “cleft palate 
team” are readily apparent to the 
reader. 

There can be little doubt of the ex- 
istence of a psychosocial aspect to the 
“cleft palate problem.” An overriding 
truism of the “problem” is its chang- 
ing nature and its changing needs, 
from day to day, month to month, and 
year to year. 

VERNER V. LINDGREN, MD 
Portland, Ore 


Gastrointestinal Disease: Pathophys- 
iology—Diagnosis—Management, edited 
by Marvin H Sleisenger and John S Fordtran. 
1,659 pp, $37.50, WB Saunders Co, 1973. 


In his foreword, Dr. Franz Ingel- 
finger states that a good textbook de- 
pends on organization, substantiality, 
and accessibility. Sleisenger and 
Fordtran’s 1,600-page text admirably 
fulfills these criteria. It is well pre- 
pared by 57 authors and well edited 
by two recognized authorities. Sev- 
enteen of the 115 chapters were writ- 
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sen by Sleisenger and seven by 
orctram. The book thus contains the 
seneral expertise af the two editors 
and the specific depth of experience 
of 55 other contributors. The style is 
suited to the reader who wants the 
overall picture rather than experi- 
nental details. The index and bibli- 
graphy are extensive and informa- 
ziom retrieval is facilitated. 

Avprepriately enough, the text 
>pens with Dr. Almy reviewing his 
ast exDerience on the gastrointesti- 
yal tract under stress. We learn why 
zhe irricable colon is the most com- 
non gastreintestinal tract disease. 
_nsight is aiso given into its manage- 
nent, requiring the art of medicine. 
This prepares us for subsequent sci- 
2ntfic complexities as immunology 
and A-beta lipoproteinemia. 

The frst quarter of the book is de- 
Joted tc pathophysiology, the remain- 
der to diagnosis and management. 
The editing is cohesive and the style 
>lear throughout. Surgical aspects of 
zastroiates:inal tract disease are dis- 
cussed n detail, including such con- 
sroverszal subjects as pneumatic bag 
dilation versus Heller myotomy in 
achalas a, rational choice of operation 
“or peptic ulcer or hiatus hernia. A 
Jery hdpful anatomical review with 
zross nd microscopical plates and 
nrigk-quality electron photomicro- 
zraphs precede each chapter. 

The | ver, but nox the biliary tract, 
s excluded, allowing room for pedi- 
atric gestreenterology with detailed 
deseription of peptic ulcer disease 
-n chidhoed, malabsorption, and 
Hirschsrung disease. 

The stomach and duodenum are 
zommpre tensively covered in 25 chap- 
ters, wth the latest information on 
Zastric secretory testing, inter- 
pretatien of serum gastrin levels, and 
the Zol inger-Elliscn syndrome. This 
paves tae way for an excellent discus- 
sion of indications for surgery, post- 
Dperative eare and complications, 
Dostvagotomy syndromes, and long- 
serm results. Vagotomy and antrec- 
tomy appears to be the most rational 
ileer operation at this time. The rea- 
sons for ths are well detailed. 

Newer entities, such as vascular 
disease of the gut, are covered well, 
with a good discussion of acute and 
chranic ischemic syndromes. 

Weaknesses are few. Some of the 
data are nat the most current. There 
-s a list of antiemetic drugs published 
n 1957 that lists chlorpromazine 
“Theraazine) as the drug of choice for 
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the majority of emetic situations. 
There could have been a chapter on 
chemotherapy and radiotherapy ex- 
ploring various dosage schedules and 
combinations. Occasionally, one finds 
diagnosis and treatment of a specific 
disease; eg, achalasia under path- 
ophysiology rather than under the 
diagnosis and treatment section. 
However, this is a small matter; the 
information is all there. I have kept 
this text on my desk for six weeks 
and challenged it with every gas- 
trointestinal tract problem that was 
presented. On every occasion, the 
challenge was well met with an in- 
depth discussion and bibliography. 

Considering the frenetic activity in 
gastroenterology, there is a remark- 
ably small publication gap. This broad 
review with low speculation-fact ratio 
is now the most current and compre- 
hensive text in the field and will well 
serve the surgeon in the physiological 
choice of operations and aid in rap- 
port with the gastroenterologist. 

As Emerson once said, every bene- 
fit brings a tax. The book is expen- 
sive, but as a postgraduate course in 
gastroenterology it is well worth the 
price. There is little doubt that a 
textbook of this superb quality with 
deep new insights will occupy an im- 
portant place in the library of every 
serious student of gastroenterology. 

RAYMOND B. HOCHMAN, MD 
New York | 


A Short Textbook of Surgery, ed 3. By 
Selwyn Taylor, MCh, Leonard T Cotton, MCh. 
Price, $10.50. Pp 634, with 87 illustrations. JB 
Lippincott Co, E Washington Square, Phila- 
delphia, PA 19105, 1973. 


In the third edition of A Short 
Textbook of Surgery, the authors have 
attempted to span the scope of sur- 
gery and its specialties within 600 
5X8 inch pages. The use of an essay 
style with infrequent tables and out- 
line forms limits the amount of mate- 
rial that can be presented in the al- 
lotted space. The first 85 pages are 
devoted to basic surgical topics, while 
the remainder of the book is divided 
equally between general surgery and 
the surgical specialties. 

The sections on general surgery are 
well summarized and written, espe- 
cially those dealing with surgical en- 
docrinology and colon surgery. The 
chapters on genitourinary system and 
on orthopedic and urological surgery 
are perhaps the best chapters in the 
book, reflecting the advantages of col- 
laboration with surgeons with special 


interests in these areas. 

In a short textbook one must accept 
the fact that some details are inevita- 
bly sacrificed for the sake of brevi- 


ty. However, this book contains some ~ 


shortcomings in priorities as well as 
breadth. Equal space is devoted to 
shock and to syphilis. Significant as- 
pects of the treatment’ of shock are 
omitted, including cardiac index and 
the value and indication for alpha and 
beta pressor agents. The chapter on 
fluid balance and nutrition covers the 
major recent advances in hyperali- 
mentation in a single sentence. 
There are also scattered dogmatic 
statements that do not always reflect 
a general consensus in surgical ther- 
apy. For example, in the chapter on 
the “Biliary and Portal Systems,” it is 
stated without qualification that “any 
patient who has been successfully 
treated for bleeding due te portal hy- 
pertension should be prepared for a 
shunt operation.” There is no discus- 
sion of hepatic blood flow, the impli- 
cations of portal pressure measure- 
ments in relation to the type of 
shunts, or any mention of mesocaval 
or distal splenorenal shunts, although 
a diagram shows the other varieties 


of portacaval shunts and gives the er- | 


roneous impression that they are of 
equal value. 

The text is written in general with 
statistics and epidemiology pertinent 
to Great Britain. Most American sur- 
geons will not agree with statements 
such as “the largest part of surgery of 
the hand deals with sepsis.” _ 

One may argue in favor of a short 
text as an overview and as a stimulus 
for students to seek more detailed 


discussion of any particular subject 


through a carefully selected bibli- 


ography. Unfortunately, this text | 


fails to provide an adequate bibli- 
ography. Nearly all the references are 
British textbooks published prior to 
1966. References from the current 
surgical literature, particularly from 
the American literature, are conspic- 
uously absent. 

WALLACE H. J. CHang, MD 

Worcester, Mass 


The Pancreas. Edited by Larry C Carey, 
MD. Price, $39.75. Pp 456. CV Mosby: Co, 3301 
Washington Blvd, St. Louis, MO 63103, 1973. 


This work, edited by Dr. Carey, pro- 
vides for the first time a complete ref- 
erence text on the-pancreas. Its 20 


chapters are written by 28 different. 


authors, all offering their particular 
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expertise. The book contains sections 
on (1) the normal pancreas, including 
surgical anatomy; (2) diagnostic pro- 
cedures; (3) inflammatory diseases; 
(4) neoplastic diseases; and (5) a final 
section that contains chapters on 
trauma, transplantation, congenital 
anomalies, and diabetes mellitus. All 
sections deal with their topics in 
depth, and in most instances complete 
and adequate bibliographies are pro- 
vided. In addition, the book is taste- 
fully and generously illustrated 
throughout. The quality of the chap- 
ters is even and, with few exceptions, 
very readable. Of particular note is 
the chapter on 95% pancreatectomy 
written by Charles Frey, MD. It re- 
lates the University of Michigan’s ex- 
perience with this operative proce- 
dure in great detail, including a 
superb operative description that is 
well illustrated. The chapters on car- 
cinoma of the exocrine pancreas and 
on ulcerogenic tumors of the pancreas 
are also well written, detailed, and 
nicely illustrated. The bibliographies 
of these last two chapters include 122 
and 139 references, respectively. 

In the past several years there has 
been a resurgence in interest in pan- 
creatic disease. This has been spurred 
on most recently by the develop- 
ment of pancreatography performed 
through the duodenoscope. This book 
provides a timely report and assess- 
ment of the large body of informa- 
tion on pancreatic disease previously 
recorded, and relates the most recent 
developments. It is written in a fash- 
ion such that medical students, house 
officers, practicing surgeons, and in- 
vestigators will all find it readable 
and valuable. The book will be suc- 
cessful and useful immediately, de- 
spite its unreasonable price. 

JOHN L. CAMERON, MD 
Baltimore 

Cryosurgery of Tumors of the Skin 
and Oral Cavity. By Setrag A Zacarian, MD. 
Price, $26.75. Pp. 293. Charles C Thomas Pub- 
lisher, 301-327 E Lawrence Ave, Springfield, IL 
62717, 1973. 

This book is an exceptional treatise 
that represents extensive basic re- 
search and clinical experience in cryo- 
surgery by the main author. His 
anecdotal experiences and clinical re- 
sults with cryosurgery have reintro- 


duced into the field of dermatology: 


and other disciplines treating carci- 
noma of the skin an “old” yet “new” 
modality that is common surgical and 
medical practice in 1974. His explana- 
tions of the physical and histopatho- 
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logical modes of destruction and heal- 
ing are well documented. 

Perhaps the greatest contribution 
in this book other than this report of 
the author’s experiences is his bibli- 
ography. The collection of articles 
read by the author and listed at the 
conclusion of each chapter represents 
tremendous time and effort. This 
catalogue serves as an important 
starting point for the beginner in the 
field of cryosurgery. 

One primary criticism involves the 
chapter on the use of cryosurgery in 
otolaryngology. It is weak in detail 
and experience; the bibliography is 
not well covered by recent literature; 
and it represents a limited experience 
and follow-up study in cancer of the 
head and neck as treated with cryo- 
surgery. The substance does not fit 
the breadth of the title of the chapter. 

Dr. Zacarian might have reduced 
some of his repetitive anecdotal ma- 
terial, as well as some of his black and 
white photographs, by utilizing more 
color photographs to demonstrate the 
excellent case reports, although, of 
course, this would have been more ex- 
pensive. The small seven-page series 
of beautiful color photographs tells 
the story of cryotherapy more graph- 
ically. Another criticism is the repeti- 
tive reference of the commercial sup- 
plier of the equipment; this is a bit 
overdone. 

The chapters by Gage and Goldwyn 
are excellent and depict the possi- 
bilities and probabilities of the use of 
cryotherapy in oral cavity cancer and 
hemangioma. 

This is a fine book and represents 
an overwhelming experience and un- 
derstanding of cryosurgery by Zaca- 
rian; his bibliography is also a notable 
contribution. This book is recom- 
mended as a good starting volume for 
those physicians interested in investi- 
gation of or clinical application of 
cryosurgery in dermatology, as well 
as in other fields, particularly in the 
head and neck. 

DANIEL MILLER, MD 
Boston 


Renal Function: Mechanisms Pre- 
serving Fluid and Solute Balance in 
Health. By Heinz Valtin, MD. $12.50 (cloth). 
$7.50 (paper); Pp. 272, Little Brown & Co, 34 
Beacon St, Boston, MA 02106, 1973. 


Most physiology texts serve as 
guides to the medical student during 
his initial exposure to the subject 
in the basic science portion of the 
curriculum; they are then retired to 


bookshelves and disturbed only dur- 
ing the series of relocations from city 
to city that mark the progression of 
his training. Referral to such texts is 
hampered by their size, small print, 
and the obsolescence of their content. 
Professor Valtin has attempted to 
change this pattern; he has, in large 
part, succeeded. This book is obvi- 
ously designed to be wsed—to be read, 
reread, carried around, written in, un- 
derlined, and, when outdated, re 
placed at a modest cost. This reviewer 
has used this text and found it a joy. 
The material is well organized, the 
text easily read. Generous margins 
allow for the effective use of 
boldface subtopic headings and pro- 
vide space for the reader’s own notes. 

After a short, but very well-pre 
sented section on renal anatomy, the 
author considers the often complex 
interrelated role of filtration, reab- 
sorption, and secretion; follows with a 
lucid chapter on renal hemodynamics 
and metabolism; and then relates 
these anatomic and functional prin- 
ciples to the role of the kidneys in 
preserving body fluid balance and 
regulation of the internal environ- 
ment. Professor Valtin develops this 
section of the text as an intriguing 
recounting of evolutionary challenges 
presented and problems solved, not a 
mundane recital of physiologic obser- 
vations. A group of common clinical 
problems are presented at the end of 
each chapter, illustrating the prin- 
ciples the text has set forth. 

The appeal of this text surpasses 
mere descriptions of its content. Dr. 
Valtin has obviously spent an im- 
mense amount of time and effort in 
the preparation of the illustrations 
and tables that accompany the text. 
They represent both his own contri- 
butions and many other examples of 
the best found in the renal physi- 
ologic literature. Collected in this one 
small volume is an array of organized 
aides to understanding that the stu- 
dent would otherwise encounter only 
after several years of reading the 
works of major researchers. The other 
major virtue is Professor Valtin’s 
style. He makes the reader want to 
read further and communicates his 
own fascination with the subjects. 
The language is clear and the logie 
impeccable. 

The work can be recommended to 
the medical student, to whom it is di- 
rected, and also to any physician 
searching for clarification of physi- 
ologic concepts that have become 
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cloudy 2ither because of the imper- 
fections of memory or the demands 
of the knavledge explosion. It de- 
serves =o join Homer Smith’s Prin- 
ciples cf Renal Physiology and R.F. 
Pitt's Phystology of the Kidney and 
Body F-uids as an example of clarity 
and brevity in physiolog-e writing. 
LARRY E. FLEISCHMANN, MD 
Detroit 


Urodrnamics: Upper and Lower Uri- 
mary Tract. Edited ty Wolzang Lutzeyer, 
MD, Hars Mehior, MD. Price $52.50. Pp 344, 
Springer-Verlaz, Heidelberger Platz 3, Berlin- 
Wilmerseorf E 1973. 


The mocern urologis: no longer 
relies solely on static anatomic and 
morphclogi® observatioas in eval- 


uatmg disease. In the last decade, 


dynam studies of urinary tract 
funetion have assumed increasing im- 
portanee; = growing body of recent 
literature attests to the expanding 
role of functional measurements in 
uroogic dizgnosis. A single source of 
infermatioa, suitable fer both neo- 
phyte and expert, has deen lacking 
until now. 

Uroaynanics is the product of an 
internetioral workshop œn urodynam- 
ics anc, ae such, is a multiauthored 
eolleectbn ef artides on all aspects 
of the subgct. The presentations are 
comprehensive and include anatomic 
and pkysicogic stadies of the entire 
urimar~ tract from the pyelocaliceal 
system to “he uretaral meatus. Meth- 
ods and techniques of measurement 
inude manometry, electromyogra- 
phy, reentzenogrephy, and pharma- 
codynazmic=—separately and in combi- 
nation 

As n ay workshop publication, 
some chap-ers are entirely new con- 
tributions, others extend previous 
studies, and still others are restate- 
ments of previously published work. 
Howewer, many international author- 
ities 01 umdynamics are among the 
contrikutors to this colleetion, and the 
volume therefore represents a reason- 
able compendium of current knowl- 
edge ia the field. 

For the physician who desires a 
workirg lmowledge of urodynamics 
at any lewel of sophist:cation, be it 
qualitetive or quantitative, clinical or 
investqgwat-ve, Urodynarsics is an ex- 
celient tex and reference. This book 
is hignly recommendec to all who 
hare an interest in the physiology of 
urinary flow. 

ALAN D. PERLMUTTER, MD 
Detroit 
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News 


Scientific Writing Course.—The 
American College of Surgeons’ highly 
successful annual course on writing a 
scientific paper (and getting it pub- 
lished) will be offered on Oct 19 and 20 
in the Doral Hotel, Miami Beach, Fla. 

The two-day course, entitled “Sci- 
entific Exposition: Allaying the 
Agony—Enhancing the Eloquence,” 
will precede the opening of the Col- 
lege’s 60th Annual Clinical Congress, 
which will be held in Miami Beach Oct 
21 through 25. 

Further information is available 
from Heinz Kuehn at the American 
College of Surgeons, 55 E Erie St, 
Chicago, IL 60611. 


Gynecologic Endoscopy Sympo- 
sium.—The American Association of 
Gynecological Laparoscopists will 


hold its “1974 symposium of Gyne- 
cologic Endoscopy” at the Disneyland 
Hotel, Anaheim, Calif, Nov 22 
through 25. The program will include 
workshops on basic and advanced lap- 
aroscopy, hysteroscopy, and culdos- 
copy and nurses’ training. For fur- 
ther information please contact 
Jordan M. Phillips, MD, 11239 S Lake- 
wood Blvd, Downey, CA 90241. 


Training Program in Pathology of 
Congenital Heart Disease.—A two- to 
eight-week training program in the 
pathology of congenital heart disease 
is being offered by the departments 
of pediatrics and pathology at Johns 
Hopkins University. Physicians cur- 
rently enrolled in postgraduate train- 
ing programs, as well as those who 
have completed training, are eligible 
to apply. Trainees will have the op- 
portunity to study specimens from a 
collection of over 700 hearts with 
congenital malformations and to cor- 
relate clinical data with the defects. 

A per diem allowance is offered to 
physicians currently enrolled in a res- 
idency or fellowship training pro- 
gram. For further information write 
to Glenn C. Rosenquist, MD, Depart- 
ment of Pediatrics, Johns Hopkins 
Hospital, 601 N Broadway, Baltimore, 
MD 21205. 


American Cancer Society Confer- 
ences.—The following schedule of con- 
ferences is announced by the Ameri- 
can Cancer Society: “National 
Conference on Advances in Cancer 
Management, Part 1: Treatment and 
Rehabilitation” at the Waldorf-As- 


toria Hotel, New York, Nov 25 to 27, 
1974; “Part 2: Detection and Diag- 
nosis” at the Denver Hilton, May 1 to 
3, 1975; “National Conference on 
Gynecologic Cancer” at the Marriott 
Hotel, Philadelphia, Sept 19 to 20, 
1975; and the “Eighth National Can- 
cer Conference” at the Regency 
Hyatt Hotel, Atlanta, Sept 20 to 22, 
1976. 

These professional edueation con- 
ferences will be acceptable for credit 
hours in category 1 for the Physi- 
cian’s Recognition Award of the 
AMA and for elective hours by the 
American Academy of Family Physi- 
cians. 


Refresher Course in Cardiac Radiol- 
ogy.—A refresher course in cardiac ra- 
diology will be held by the North 
American Society for Cardiac Radiol- 
ogy from March 2 to 6, 1975, in Wil- 
liamsburg, Va. A distinguished fac- 
ulty will conduct seminars covering 
the radiology of acquired and con- 
genital heart disease and its clinical 
implications. For further information 
write to Klaus Ranniger, MD, Medi- 
cal College of Virginia, MCV Station, 
Box 2, Richmond, VA 23298. 


International Conference on Androl- 
ogy.—An international conference on 
andrology, “The Human Semen and 
Fertility Regulation in the Male,” 
will be held April 24 through 26, 1975, 
in Gordon Scott Hall, Wayne State 
University School of Medicine, De- 
troit. Selected research papers will be 
accepted in functional anatomy of the 
male reproductive tract and sperma- 
tozoa; physiology and biochemistry of 
seminal plasma and spermatozoa; fer- 
tility and infertility in the male; and 
fertility regulation in man. Those in- 
terested in presenting research pa- 
pers should request forms for ex- 
panded abstracts; and _ those 
interested in attending the confer- 
ence should request preregistration 
forms. Write to Program Chairman 
E.S.E. Hafez, MD, Department of 
Gynecology-Obstetrics, Wayne State 
University School of Medicine, 550 E 
Canfield, Detroit, MI 48201. Deadline 
for applications is Dec 31, 1974. 


Change of Address for October 1974 
Meeting of Collegium Internationale 
Digestivae Chirurgiae.—The place of 
meeting for the October 1974 Colle- 
gium Internationale Digestivae Chi- 
rurgiae has been changed from the 
Conrad Hilton Hotel to the Hyatt Re- 
gency Hotel, Chicago. 
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OPPORTUNITIES 
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Highly remunerative, guaranteed 
private practice, group and hos- 
pital situations available through- 
out the United States for Sur- 
geons: 


e GENERAL 


* BAL. 


e THORACIC © OTHERS 


For personalized, confidential and 
ABSOLUTELY COST-FREE service 
for physicians only, send your C.V. 
to Paul D. Switzer, President. 


WORLD WIDE 
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New York, N.Y. 10022 
(212) 421-1240 
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For the 
physician 
who orders 
blood: 


The General Principles of Blood 
Transfusion is the guide for physi- 
cians who must order blood and 
blood components for their pa- 
tients. 

Published by the American Medi- 
cal Association, this 1973 Edition is 
completely revised and updated, 
bringing the practitioner the best of 
informed opinion and experience 
in the field. ) 

General Principles of Blood Trans- 
fusion was prepared by a group of 
prestigious editors and contributors 
under the direction of Tibor J. 
Greenwalt, M.D., Editor-in-Chief, 
at the request of and for the AMA 
Committee on Transfusion and 
Transplantation. 

Order your copy today! 1-10 
copies, $2 ea.; other counties, $2.50 
per copy. Use the coupon below. 


Please enclose payment with order. 


Order Department 

American Medical Association 
535 N. Dearborn St. 

Chicago, II]. 60610 


Please send me-—_____copy(ies) of 
GENERAL PRINCIPLES OF BLOOD 


TRANSFUSION, 1973 Edition. 
OP-267 
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Vitamin A* 
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(ergocalciferol) 

Thiamine HCI (B1) 

Riboflavin (B2)! 

Pyridoxine HCI (Be) 
Niacinamide 

Dexpanthenol! 

Vitamin E* 

(dl-alpha tocopheryl! acetate) 
‘With sorethytan laurate 1% 


droxide 1%; and gentisic acic 


ide 2% as preservative 


With propylene glycol 30% as 


preservative, sodium hydroxic 
justment, and sorethytan lau 
Concentrate as riboflavin-5-pł 
*Oil-soluble vitamins A, D å 
solubiized with sorethytan la 
ed by U.S. Patent No. 2,417,2 
BRIEF SUMMARY 
INDICATIONS: in emergenc 


Surgery, extensive burns, fr 
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comatose states, etc. maj 
Stress’ situation with profour 
in the body's metabolic d 
consequent tissue depletion 
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travenous fluids under pro 
contributes optimum vitamin ı 
maintaining the body's norm 
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DIRECTIONS FOR USE: M 
for immediate use when a 
travenous infusion fluids 
For intravenous feeding, one 
10cc. of M.V. or ‘5-0. OEM 
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PRECAUTION: Allergic react 
known to occur following intr 
ministration of solutions co 
esliaic 
CAUTION: Not to be given 
undiluted intravenous injecti 
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vitamin preparation. if deemexc 
HOW SUPPLIED: M.V.!.—10 
boxes of 25 and 100. 
M.V.1. CONCENTRATE—5 cc 
of 25. Available in 100's only 
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(Multi-Vitamin Infusion) 










short term or long term 


Amore comprehensive parenteral 


vitamin formula because... 


M.V.I. includes not only the B complex* and C 
Vitamins but also the fat-soluble vitamins A, 
D and E—water solubilized for faster, 
more complete absorption. 
















Sse apposite page tor procuct aaa 
Brief Summary. 


“M.V.L formula contains vitamins B,, Bo, 
niaCmamiee, dexpanchenol End Bz. If needed, 
vitamin K,witamin Bro and felic acid may 
De option additione to parenteral nutrition 





Teaching surgical techniques is easier when you use 
a fully integrated Circon Color MacroVideo System.™ 
This proven teaching aid allows you to televise your 
Surgery live. ..to students in the classroom, colleagues 
in the auditorium, as well as assistants in the OR. 
Nothing interferes with your surgery since the 
system is mounted out of the way, and is simple to use. 
A push-button Remote Controller (easily operated by 
the nurse as you desire) rotates the camera horizontally 
and vertically, zooms and focuses the long range lens. 
After surgery, the video tape can be instantly 
played for review. Later, you can edit both audio and 
video tracks (even add new dialog or a foreign language 
translation) and share your surgical experience with 
associates. All the while, you'll be building a valuable 
video cassette library. 





Cost? Just $9,975 for everything you'll need to 
televise and video tape surgery — the Miniature Color 
Camera, Solid State Monitor, Color Control Unit, Color 
Video Tape Recorder, Remote Controller, Video Tapes, 
Motorized 5:1 Zoom Lens, Microphone and Portable 
Equipment Carrier. All components are engineered into 
a fully integrated system for:maximum performance. 


Write or call for a demonstration or more details on 
Circon’s MV9870 Color Operating MacroVideo System™ 
Video systems for all surgical specialties and endoscopy 
are available. 


Specialists in Medical Video Systems 


GI RCG [} n Dept. AS, 749 Ward Drive 


Santa Barbara, California 93111 
An Applied Magnetics Corporation 


(805) 967-0404 


See it at the Amer. College of Surgeons 1974 Clinical Congress è Booth 218 è Oct. 21-24, 1974 è Miami, Florida. 
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dependa: relief when the wg ee 


experiences excessive psychic tension 





surgical ede: And often your reassurance and counseling can allay 
the apprehension. But sometimes, despite these measures, excessive anxiety 
causes the patient undue strain. At these times, Valium can be beneficial. 
It's provided in three tablet strengths, so dosage can be easily individualized 
to gain optimal response promptly. And if anxiety and tension are especially 
troublesome at bedtime, an A.s. dose can be added to a b.i.d. or t.i.d. regimen. 
Valium is usually well tolerated in recommended dosages; 
lower initial doses (2 to 24% mg) should be used for the elderly or debilitated 
to avoid ataxia or oversedation. 
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Please turn page for a summary of product inform 





ation. 


Valium (diazepam) 2-mg, 5-mg, 10-mg tablets 


Q 


ready-to-use 2-ml Tel-E-Ject 


Before prescribing, please consult complete product infor- 
mation, a summary of which follows: 

Indications: Tension and anxiety states; somatic complaints 
which are concomitants of emotional factors; psychoneurotic 
states manifested by tension, anxiety, apprehension, fatigue, de- 
pressive symptoms or agitation; symptomatic relief of acute agi- 
tation, tremor, impending or acute delirium tremens and halluci- 
nosis due to acute alcohol withdrawal; adjunctively in: relief of 
skeletal muscle spasm due to reflex spasm to local pathology; 
spasticity caused by upper motor neuron disorders; athetosis; 
stiff-man syndrome. Oral form may be used adjunctively in con- 
vulsive disorders, but not as sole therapy. Injectable form may 
also be used adjunctively in: status epilepticus; severe recurrent 
seizures; tetanus; anxiety, tension or acute stress reactions prior 
to endoscopic and surgical procedures; cardioversion. 

Contraindications: Use of Injectable in infants and Tablets 
in children under 6 months of age; known hypersensitivity to drug; 
acute narrow angle glaucoma; may be used in patients with open 
angle glaucoma who are receiving appropriate therapy. 

Warnings: As with most CNS-acting drugs, caution patients 
against hazardous occupations requiring complete mental! alert- 
ness (e.g., operating machinery, driving). Advise patients against 
simultaneous ingestion of alcohol and other CNS depressants. 
Withdrawal symptoms (similar to those with barbiturates and al- 
cohol) have occurred following abrupt discontinuance (convul- 
sions, tremor, abdominal and muscle cramps, vomiting and 
sweating). Keep addiction-prone individuals (drug addicts or 
alcoholics) under careful surveillance because of their predispo- 
sition to habituation and dependence. Use of any drug in preg- 
nancy, nursing women or in women of childbearing potential re- 
quires that expected benefit be weighed against possible hazard. 

ORAL: Not of value in treatment of psychotic patients; should 
not be employed in lieu of appropriate treatment. When using oral 
form adjunctively in convulsive disorders, possibility of increase 
in frequency and/or severity of grand mal seizures may require 
increase in dosage of standard anticonvulsant medication; abrupt 
withdrawal in such cases may also be associated with temporary 
increase in frequency and/or severity of seizures. 

INJECTABLE: When used I.V., the following procedures should 
be undertaken to reduce the possibility of venous thrombosis, 
phlebitis, local irritation, swelling, and, rarely, vascular impair- 
ment. Inject slowly, taking at least one minute for each 5 mg 
(1 ml) given; do not use small veins, i.e., dorsum of hand or wrist; 
extreme care should be taken to avoid intra-arterial administra- 
tion or extravasation. Do not mix or dilute with other solutions or 
drugs; do not add to I.V. fluids. 

Administer with extreme care to elderly or very ill and those 
with limited pulmonary reserve because of possibility of apnea 
and/or cardiac arrest; resuscitative facilities should be available. 
When used with narcotic analgesic, eliminate or reduce narcotic 
dosage at least 1⁄3 and administer in small increments. Not rec- 
ommended for OB use until additional information is available. 
Should not be administered to patients in shock, coma or in acute 
alcoholic intoxication with depression of vital signs. 

Precautions: If combined with other psychotropics or anti- 
convulsants, carefully consider individual pharmacoiogic effects 
—particularly with known compounds which may potentiate ac- 
tion of Valium (diazepam), such as phenothiazines, narcotics, 
barbiturates, MAO inhibitors and other antidepressants. Protec- 
tive measures indicated in highly anxious patients with accom- 
panying depression who may have suicidal tendencies. Observe 
usual precautions in impaired hepatic function; avoid accumula- 
tion in patients with compromised kidney function. Limit oral dos- 
age to smallest effective amount in elderly and debilitated to pre- 
clude ataxia or oversedation (initially 2 to 244 mg once or twice 
daily, increasing gradually as needed or tolerated). 

INJECTABLE: Laryngospasm and increased cough reflex are 
possible during peroral endoscopic procedures; use topical anes- 
thetic and have necessary countermeasures available; hypoten- 
sion or muscular weakness possible, particularly when used with 
narcotics, barbiturates or alcohol. Use lower doses (2 to 5 mg) 
for elderly and debilitated; safety and efficacy in children under 
12 not established. 

Adverse Reactions: Side effects most commonly reported 
were drowsiness, fatigue and ataxia. Infrequently encountered 
were confusion, constipation, depression, diplopia, dysarthria, 


(disposable syringes) 


2-ml ampuls ;5 mg/ml 
10-ml vials 


headache, hypotension, incontinence, jaundice, changes in libido, 
nausea, changes in salivation, skin rash, slurred speech, tremor, 
urinary retention, vertigo and blurred vision. Paradoxical reac- 
tions such as acute hyperexcited states, anxiety, hallucinations, 
increased muscle spasticity, insomnia, rage, sleep disturbances 
and stimulation have been reported; should these occur, use of 
the drug should be discontinued. 

Because of isolated reports of neutropenia and jaundice, 
periodic blood counts and liver function tests are advisable dur- 
ing long-term therapy. Minor changes in EEG patterns, usually 
low-voltage fast activity, have been observed in patients during 
and after Valium (diazepam) therapy and are of no known 
significance. 

INJECTABLE: Venous thrombosis and phlebitis at injection 
site, hypoactivity, syncope, bradycardia, cardiovescular collapse, 
nystagmus, urticaria, hiccups, neutropenia. 

In peroral endoscopic procedures, coughing, depressed res- 
piration, dyspnea, hyperventilation, laryngospasm and pain in 
throat or chest have been reported. 

Dosage: Individualized for maximum beneficial effect. 

ORAL—Adults: Tension, anxiety and psychoneurotic states, 
2 to 10 mg b.i.d. to q.i.d.; acute alcohol withdrawal, 10 mg t.i.d. 
or q.i.d. in first 24 hours, then 5 mg t.i.d. or q.i.d. as needed; 
adjunctively in skeletal muscle spasm, 2 to 10 mg t.i.d. or q.i.d.; 
adjunctively in convulsive disorders, 2 to 10 mg b.i.d. to q.i.d. 
Geriatric or debilitated patients: 2 to 242 mg 1 or 2 times daily 
initially, increasing as needed and tolerated. (See Precautions.) 
Children: 1 to 2¥2 mg t.i.d. or q.i.d. initially, increasing as needed 
and tolerated (not for use under 6 months). 

INJECTABLE: Usual initial adult dose is 2 to 20 mg I.M. or I.V., 
depending on indication and severity. Larger coses may be re- 
quired in some conditions (tetanus). In acute conditions injection 
may be repeated within 1 hour, although interval of 3 to 4 hours 
is usually satisfactory. Lower doses (usually 2 to 5 mg) with slow 
dosage increase for elderly or debilitated patients and when seda- 
tive drugs are added. (See Warnings and Adverse Reactions.) 

I.M. use: by deep injection into the muscle. 

I.V. use: inject slowly, take at least one minute for each 5 mg 
(1 ml) given. Do not use small veins, i.e., dorsum of hand or wrist. 
Use extreme care to avoid intra-arterial administration or extrava- 
sation. Do not mix or dilute with other solutions or drugs; do not 
add to I.V. fluids. 

Moderate psychoneurotic reactions, 2 to 5 mg I.M. or I.V. 
and severe psychoneurotic reactions, 5 to 10 mg I.M. or I.V., 
repeat in 3 to 4 hours if necessary; acute alcoholic withdrawal, 
10 mg |.M. or I.V. initially, then 5 to 10 mg in 3 to 4 hours if nec- 
essary; muscle spasm, 5 to 10 mg I.M. or I.V. initially, then 5 to 
10 mg in 3 to 4 hours if necessary (tetanus may require larger 
doses); status epilepticus, severe recurrent ccnvulsive seizures, 
5 to 10 mg I.M. or I.V. initially, repeat in 2 to 4 hours if necessary. 
In endoscopic procedures, titrate I.V. dosage to desired sedative 
response, generally 10 mg or less but up to 20 mg (if narcotics 
are omitted) immediately prior to procedure; if I.V. cannot be 
used, 5 to 10 mg I.M. approximately 30 minutes prior to proce- 
dure. As preoperative medication, 10 mg I.M.; in cardioversion, 
5 to 15 mg I.V., within 5 to 10 minutes prior to procedure. Once 
acute symptomatology has been properly controlled with inject- 
able form, patient may be placed on oral form if further treat- 
ment is required. 

Management of Overdosage: Manifestations include somno- 
lence, confusion, coma and diminished reflexes. Monitor respira- 
tion, pulse, blood pressure; employ general supportive measures, 
I.V. fluids, adequate airway. Immediate gastric lavage indicated 
for overdosage with tablets. Use levarterenol or metaraminol for 
hypotension, caffeine and sodium benzoate “or CNS-depressive 
effects. Dialysis is of limited value. 

Supplied: Tablets, 2 mg, 5 mg and 10 mg; bottles of 100 and 
500. All strengths also available in Tel-E-Dose® (unit dose) pack- 
ages of 100. Ampuls, 2 ml, boxes of 10; Vials, 10 ml, boxes of 1; 
Tel-E-Ject® (disposable syringes), 2 ml, boxes of 10. Each ma 
contains 5 mg diazepam, compounded with 40% propylene gly: 
col, 10% ethyl alcohol, 5% sodium benzoate and benzoic acid aw 
buffers, and 1.5% benzyl alcohol as preservative. 


Roche Laboratories 
Division of Hoffmann-La Roche Inc. 
Nutley, New Jersey 07110 
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Exeitat on “ransfer in Bore: Deleterious Effects of 
Colbalt 60 Radiation-Sterilization of Bank Bone 
Marshall R. Urist, MD, Armand Hernandez, MD, Los Angeles 


Radiation damage to morphogenetic property attributable to 
excitation transfer fom mineral to matrix of bone. 
(EXitorial commen: by Richard N. Stauffer, MD, Rochester, Minn) 


Internal Ca-otid Artery Pressures: 

A Guid2 for Use of Shunt During Carotid Repair 
Richard k. Hughes MD; Manuel Bustos, MD; 
James P. Byrne, Jr, MD, Salt Lake City 


Further evidence supporting routine use of internal 
shun- where possibe 


Mycotie Aneurysm of the Carotid Artery 
Anne M. kedgerwocd, MD, ‘Charles E. Lucas, MD, Detroit 


Proxmnal ligation successful in three patients. 
(Editorial comment by Gardner W. Smith, MD, Baltimore) 


Adynanic Beus of the Cobn: An Indication for Cecostomy 
James T. Adams, MD, Rocaester, NY 


Wher special indications present, no other colostomy will serve. 


Pulmosary Contusion: Climical Experience 
Rudelf Rescher, MD; Reinkarc Bittner, MD; Ulf Stockmann, MD, Berlin 


Posifive pressure ventilation should be used from the outset. 


Intussusception as a Complication of Malignant Neoplasm 
Censtantiae Karakausis, MD; =. Douglas Holyoke, MD; 
Hardd O. Douglass, Jr., MD, Buffalo 


Usualy due to metastases to small intestine or cecum. 


Intermitten- Mandatory Ventilation: An Evaluation 
John B. Downs, MD Haver M. Perkins, MD; Jerome H. Modell, MD, Gainesville, Fla 


Fssiscs in weéning patients from controlled ventilation. 
(Editorial comment by Hillary F. Don, MD, Boston) 


Perforated Duodenal Ulcer With Coexistent Gastric Carcinoma 
Harod R. Brodman MD; Villiam E. Cioffaro, MD; 
Richard F Brodman, MD; Marvin L. Gliedman, MD, New York 


Fyloraplasty followed one month later by proximal gastrectomy. 


Tracheesesoohageal Fistula Following Blunt Trauma 
Joseph G.Antkowiak, MD; Manfred L. Cohen, MD; 
Armes S. Xyllonen, MD, Pittsburgh 


Important to keep ir mind and recognize it early. 


Par of Bilateral Hernia With Mersilene Mesh 
Behind Rectus Abdominus 
Ray 7. Came, MA, MS, FRCS, Cambridge, England 


Appearance earns it the name “‘bikini repair.” 


Conten-s ccntinued on p 458. 
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EXPERIMENTAL SURGERY 


Immobility, Hypoxemia, and Pulmonary Arteriovenous Shunting 


Jefferson F. Ray III, MD; Leon Yost; Sha Moallem, MD; George M. Sanoudos, MD; 


Patricia Villamena, RN; Ruben M. Paredes, MD; Roy H. Clauss, MD, New York 
Planned antigravity changes in position necessary to 
preserve pulmonary function. 
(Editorial comment by Henrik H. Bendixen, MD, New York) 


Experimental Unassisted Right Brachial-to Femoral Bypass: 
An Adjuvant During Aortic Cross-Clamping | 
Alan C. Leshnower, MD, Harris B. Shumacker, Jr., MD, Indianapolis 
Paraplegia avoided; no pump necessary. 
(Editorial comment by Robert Zeppa, MD, Miami, Fla) 


Hydrocortisone Administration and Gastrin and Gastric Secretion in Dogs 


Larry C. Watson, MD; David D. Reeder, MD; 
James C. Thompson, MD, Galveston, Tex 


Administration of corticosteroids for five days 
increased serum gastrin and gastric acid in dogs. 


(Editorial comment by M. Michael Eisenberg, MD, Minneapolis) 


Renal Ischemic Tolerance 
Robert M. Hoffmann; Kenneth W. Stieper; 
Robert W. G. Johnson, MD, FRCS; Folkert O. Belzer, MD, San Francisco 


Confirmation that cooling most important consideration 
in preservation of ischemia kidney. 


CLINICAL NOTES 


Spontaneous Rupture of the Subclavian Artery and Innominate Vein 
Martin L. Dalton, Jr., MD; Donald L. Bricker, MD; 
Louis Nannini, MD, Lubbock, Tex 


Interesting condition in which all vessels friable. 


Of Double Stomachs 
Maj Michael J. Torma, MC, USAF, San Francisco 


Two cases stimulated reporting of helpful hints for treatment. 
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Multiple Forms of the 
Ehlers-Danlos Syndrome 


he Ehlers-Danlos syndrome (or, as we shall at- 

A. tempt to emphasize here, the Ehlers-Danlos syn- 
dromes) is characterized mainly by changes in the joints 
and in the sxin. The joint change is hyperextensibility, ie, 
ose-jomte Iness. The skin ehange is classically excessive 
scretchabili-y, excessive bruisability, and excessive fragil- 


In the las ten years or so, many genetic disorders that 
m the past were considered to be a single entity have, on 
glose scrutiry, been found to be a collection of two or more 
“andamentdaly distinct disorders. The Ehlers-Danlos syn- 
‘rome is nc exception to this experience. Today at least 
seven seemmgly distinct forms of the Ehlers-Danlos syn- 
drome can »e recognized (Table), and this may well not 
exhaust the heterogeneity within this group. 

As with œher categories of genetic disease, clinical fea- 
ures, gene-ic facters, and biochemical approaches have 
zeen used Ð distinguish the various forms. Of the three 
approaches, the biochemical one is the most precise, par- 
-icularly in the individua. case. 

The first four types of the Ehlers-Danlos syndrome have 
geen distinguished vn clinical grounds. Type I is classical 
Shiers-Danbs syndrome cf marked severity, whereas type 
-I is classical Ehlers-Daalos syndrome of a mild type. 
Since the severity seems to be reasonably consistent 
within a given family, it seems plausible to consider these 
different entities. Both are inherited as autosomal domi- 
aant traits. It could be that they are due to different mu- 
sant genes at the same locus, just as hemoglobin S and he- 
mogiobin C are determined by allelic genes, but we have 
uo evidence for or against that suggestion. 

Ehlers-Danlos syndrome type III is also known as the 
benign hypermobility type. Joint hyperextensibility is 
very marked, whereas the skin manifestations are rela- 
“ively minor. Despite the marked joint laxity, the patients 
Lave no serus deformity such as scoliosis. Patients with 
this discrde> may have the floppy mitral valve syndrome 
@arlow syndrome), manizested by a midsystolic click and 
Bte systolic mumur, just es may patients with some of the 
ether forms of the Zhlers-Danlos syndrome. This type is 
probably als inherited as an autosomal dominant. 

‘Type IV hlers-Danlos syndrome is the most grave of 
the varieties and is the orm present in the patient re- 
ported by Dalton et al (see page 552). It is called the arte- 
zial, or ecchymotic cr Sacx-Barabas variety (Sack in Ger- 
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many in the 1930s described the disorder particularly 
clearly, as did also Barabas in England in recent years). 
The skin is not exceptionally stretchable in this condition, 
but it is extraordinarily thin, there being a deficit of colla- 
gen in the corium with the result that the subcutaneous 
veins are very prominent, over the trunk for example. The 
patients suffer numerous breaks in the skin. The skin over 
the face, ears, and fingers tends to be tight. Elaestosis per- 
forans serpiginosa, a lesion that may resemble ringworm 
and consists of eruption of elastic fibers through the epi- 
dermis, is frequent in these patients. The joint hyper- 
mobility is not impressive. The terminal interphalangeal 
joints of the fingers show the greatest degree of excessive 
mobility. 

The malignant nature of type IV Ehlers-Danlos syn- 
drome derives from the propensity for rupture of large 
and intermediate-sized arteries (hence the designation ar- 
terial or ecchymotic) and the proneness for spontaneous 
rupture of the bowel. Unusual bowel diverticula, as well as 
spontaneous rupture of the bowel, occur in other forms of 
the Ehlers-Danlos syndrome but spontaneous rupture is 
particularly a feature of type IV. Since gut sutures, which 
are essentially pure collagen, are made from the submu- 
cosa and serosa of animals, collagen is obviously impor- 
tant to the integrity of the bowel. There is some question 
as to whether rupture of the bowel may not begin as an 
intramural bleed with dissection and subsequent ruptute. 
If this is the mechanism, the weakness of the arteries is 
the primary problem. Rupture of the aorta or of the great 
vessels off the aorta is usually a matter of a tear through 
the wall and not a dissection. 

The precise biochemical defect in this most grave form 
of the Ehlers-Danlos syndrome is not known. However, 
Drs. Michael Pope and George Martin, working in this de- 
partment and at the National Institutes of Health, have 
preliminary evidence of a defect in the synthesis of type 
III collagen (vascular collagen). 

I am not certain, furthermore, as to the mode of inher- 
itance of type IV Ehlers-Danlos syndrome. The patients I 
have observed and have information on from the litera- 
ture have been single, isolated instances in their families. 
It may be that these cases represent a new dominant mu- 
tation. 

Type V Ehlers-Danlos syndrome is clinically not partic- 
ularly distinctive but is genetically set apart by its inher- 
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Forms of the Ehlers-Danlos (E-D) Syndrome 


Name 
E-D, gravis type 
E-D, mitis type 
E-D, benign hypermobile 


Clinical Features 
Classic features, all severe 
Classic features, all mild 
Generalized marked joint 


Biochemical 
Defect 


Unknown 
Unknown 
Unknown 


Genetics 
Autosomal dominant 
Autosomal dominant 
Autosomal dominant 


type hypermobility without skeletal 
deformity; skin features minimal 


E-D, ecchymotic, arterial 
or Sack-Barabas type 


Severe bruisability; very thin 
skin; rupture of bowel; rupture 
of large arteries; minimal joint 


? In synthesis 
of type Ill 
collagen 


laxity (eg, limited to fingers) 


E-D, X-linked type 


Stretchable skin striking; joint 


X-linked recessive Unknown 


hypermobility minimal; skin 
fragility and bruisability variable 


E-D, ocular type; lysyl 
hydroxylase deficiency; 
hydroxylysine-deficient 
collagen disease 

Arthrochalasis multiplex 
congenita; procollagen 
peptidase (or protease) 
deficiency 


E-D VII 


itance as an X-linked recessive like hemophilia. The clini- 
cal picture may be rather like type II Ehlers-Danlos 
syndrome. 

Types VI and VII of the Ehlers-Danlos syndrome are 
the latest additions and are of particular interest because 
the biochemical defect in each is known. Indeed, their de- 
lineation as separate forms of the Ehlers-Danlos syn- 
drome was made possible by the discovery of the enzyme 
defect in each. 

In type VI Ehlers-Danlos syndrome, the enzyme that 
catalyzes the hydroxylation of lysine in the collagen poly- 
peptide chains is defective, with the result that the colla- 
gen is deficient in hydroxylysine. (This enzyme is called 
lysyl hydroxylase.) These patients have the manifesta- 
tions they do because hydroxylysine is important to the 
cross-linking of collagen. It is not the only source of cross- 
links in collagen, but it is an important source. 

In addition to the other well-known features of the Eh- 
lers-Danlos syndrome in the skin and joints, two charac- 
teristics of type VI Ehlers-Danlos syndrome are severe 
scoliosis and ocular fragility. Rupture of the sclera or 
cornea and/or detachment of the retina from relatively 
minor trauma are frequent findings. This enzyme defect 
was first identified in Boston in two young sisters with se- 
vere scoliosis; one of the girls had lost an eye following an 
automobile accident. The second family with this defect 
was identified by my colleagues and me here in Baltimore 
and in Bethesda. A brother and sister were affected; both 
were blind from the ocular aspects of the disease. 

Type VII Ehlers-Danlos syndrome has profound loose- 
jointedness as the overwhelmingly predominant clinical 
feature. The patients are born with dislocation of the hips 
and have severe subluxations at the knees and other large 
joints. The skin is soft, velvety, and excessively stretch- 
able. The clinical picture in the joints is that which has 
been labeled in the past as arthrochalasis multiplex con- 
genita (Latin for multiple congenital joint laxity). The pa- 
tients are short of stature. 
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Scoliosis severe, skin features 
moderate; blindness from retinal 
detachment or ocular rupture 


Short stature; severe joint 
laxity with congenital disloca- 
tions; moderate skin stretchabil- 
ity and bruisability 





Deficiency of pro- 
collagen lysyl 
hydroxylase 


Autosomal recessive 


Deficiency of 
procollagen 
protease (or 
peptidase) 


Autosomal recessive 


Lichtenstein, working jointly with Dr. George Martin 
and with me, has shown that these patients have a defi- 
ciency in procollagen peptidase. The collagen molecule 
that is synthesized in the fibroblast is about 20% longer 
than that in mature collagen. This longer, so-called pro- 
collagen is apparently more suitable for secretion from 
the fibroblast and prevents the formation of collagen fi- 
bers within the cell. Immediately after secretion from the 
fibroblast, the procollagen molecule has the extra 20% 
piece cleaved off through the agency of the enzyme pro- 
collagen peptidase. In patients with type VII Ehlers-Dan- 
los syndrome, this cleavage proceeds at a reduced rate. 
The reason for the loose-jointedness is probably that 
cross-linking does not occur properly between collagen 
molecules in the process of fiber formation, because the 
persistence of the extra piece interferes with the collagen 
molecules coming to lie in register. 

In all probability, these seven do not exhaust the possi- 
bilities as far as forms of the Ehlers-Danlos syndrome are 
concerned. Collagen synthesis and fibrogenesis are com- 
plex processes with many gene-determined steps. Muta- 
tion at many of these steps might lead to an Ehlers-Dan- 
los syndrome type of disorder. Continuing biochemical 
exploration of these cases will be followed with great in- 
terest. The defects that are being discovered are teaching 
us a great deal about normal collagen synthesis. As new 
defects are uncovered it will be of great interest and im- 
portance to scrutinize the clinical picture to determine 
whether there are distinguishing clinical features as hap- 
pened with the ocular form (type VI) of the Ehlers-Danlos 
syndrome and with arthrochalasis multiplex congenita, 
which has now taken its place as type VII Ehlers-Danlos 
syndrome. 


Victor A. McKusick, MD 
Department of Medicine 
Johns Hopkins Hospital 
Baltimore, MD 21205 
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News on Thromboembolism From London 


he Britesh Journal o7 Surgery for March 1974 con- 

tained wo noteworthy reports on thromboembolism. 
Gordon-Smi-h et al' have put to clinical use a test for fi- 
brinelytie aetivity that measures the amount of isotope 
| berated in three hours ftom a clot that they tagged by 
frst injecting the patient with ‘I-fibrinogen. This 
method give a more accarete figure for fibrin digested 
than tests measuring the time necessary to achieve a 
given amourt of lysis. It has importance in postoperative 
measuremert since the higher levels of fibrinogen nor- 
mally presert at thet time can obscure the other types of 
tests. 

The authc’s found agreement with the observation of 
others of increased activity during operation, but did not 
confirm a substantial decrease in fibrinolytic activity in 
tne subsequent early posteperative days that could be ap- 
preciated by conventional statistical methods. When they 
looked more <losely at the first postoperative day by spe- 
Gial statistical techniques, however, they found a substan- 
tially lower ibrinolytic activity in the blood of those pa- 
tents who saowed evidenze of deep venous thrombosis in 
tne calf by tne tagged fibrinogen method. They have thus 
added new sights into the influence of a surgical oper- 
ation on the fibrinolytic belance, the main ones being that 
tnere is, cortrary to the findings of others, no general 
“postoperative fibrinolytic shutdown,” that there is a 
brief, but susstantial, difference on the first postoperative 
day betweea clotters ami nonclotters, and that their 
newly introduced test for fibrinolytic activity, which can 
be expressee in milligrams of fibrin lysed in a given time, 
is a useful advance. 

In a report in the same issue, Browse et al? using the 
tagged fibrnogen methed, measured the incidence of 
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thrombi in the calves of patients undergoing major oper- 
ation during which one leg was either elevated to 20° or 
encased from toes to below the knee in an elastic stocking, 
while the other was left level and uncompressed. They 
found no decreased incidence in deep venous thrombosis in 
legs treated by either means, and concluded that such pas- 
sive methods of prophylaxis are without value. But they 
hasten to state that the active methods, such as foot ped- 
als, intermittent calf compression, and muscle stimula- 
tion, which have been in the past shown to be effective, are 
still to be considered so. Although these facts have been 
known before, the authors’ rationalizations thereof are 
persuasive, namely, that the leg elevation and stocking- 
compression techniques fail because the resulting in- 
creased linear flow in the leg veins does not per se prevent 
the formation of clot behind venous valves. This can be 
averted, they maintain, only by intermittent compression 
of those areas by the active or passive action of the sur- 
rounding muscle. 

The availability of stable and apparently safe ™°I-fi- 
brinogen is keeping British investigators in the forefront 
of clinical research in the field of venous thrombosis. 

RICHARD WARREN, MD 
319 Longwood Ave 
Boston, MA 02115 
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Panel by Correspondence 


Surgery of the Colon 


Stanley O. Hoerr, MD (Moderator); 
Donald M. Gallagher, MD; 

J. C. Goligher, ChM, FRCS; 
Rupert B. Turnbull, MD 
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his is another Panel by Correspondence in a series 
being published by the Arcuives. Three recognized 
experts on surgery of the colon were asked to participate, 
with a general surgeon as the moderator. Seven questions 
and four cases were composed; each panelist was then 
asked to respond to them independently. Since it is not 
possible to have direct discussion of any differences of 
opinion that may be expressed in this type of panel among 
the panelists themselves, the moderator comments at the 
end of each question or case, when indicated, in an effort 
to summarize the thinking of the panel or to point up any 
disagreements. The ARCHIVES is grateful to the distin- 
guished surgeons who have agreed to participate in this 
panel on “Surgery of the Colon.” 


Questions and Answers 


Question 1: What is your method of preparing the unob- 
structed colon for operation? 


DR. GALLAGHER: On hospitalization, 2% days prior to op- 
eration, the patient receives 60 ml of castor oil and a liquid 
diet. The following day two bisacodyl (Duleolax) tablets 
are given twice a day. The day prior to operation a tap wa- 
ter enema is given in the afternoon and at bedtime. Dur- 
ing the operation the patient receives T0 million units of 
penicillin or 2 gm of ampicillin intravenously. 

MR. GOLIGHER: I employ a five-day period of preparation 
during which the bowel is prepared mechanically by ape- 
rients (1.0 gm of magnesium sulfate administered orally 
three times daily for the first three days, then 60 ml of 
castor oil given early the morning of the fourth day, and 
no aperients thereafter), enemas, or suppositories (a soap 
and water enema or two bisacodyl suppositories every 
evening), and restriction of diet (light diet for the first 
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Maree days, then liquids anly), and antibacterially by oral 
=iministration of nonabsorbable sulfonamides (2.0 gm of 
mhthalylsultathiazole every four hours for the entire five 
ys), and antibioties (1.0@m of kanamycin sulfate or neo- 
maycin sulfate every four hours for the last two days). If, 
æ occasionally happens, i: is not possible to admit the pa- 
sent fer the full five days of preparation, he starts on the 
schedule at day 2 or 3 when he is admitted and may have 
magnesium sulfate and pnthalylsulfathiazole for a couple 
@ days at bome immedietely before admission. 

Dr. TURNBULL: Admit the patient to the hospital two 
dys before surgery. On day 1, give the patient a liquid 
monresidue diet until operation and 30 ml of flavored cas- 
ter ail on admission. The sthedule for day 2 is as follows: 


6 AM 30 ml flavored caster oil 
10 AM 1-liter tap water enema 
1 PM 1 gm neomycin sulfate 
1 gm erythromycin dase 
2 PM Repeat antibiotics 
6 PM Repeat enema 
10 pm Repeat enema 
11 pM Repeat antibiotics 
Intravenors lactated Ringer solution all night. 


hen, on the day of surgery, I recommend lavage of colon 
wath normal saline via Pezzer catheter in the rectum, 
using 8 to 1( liters, or untd returns are clear. Leave Pezzer 
catheter in reetum during operation. 

Dr. Horrr: Mechanical cleansing of the bowel is of 
equal impor-ance to a course of antibiotics preoperatively. 


Questioa =: Do you perform peroperative coloscopy at the 
fime of a transcolonic polypectomy? If “yes,” what is your 
technique? 


DR. GALL«GHER: | do not perform peroperative colos- 
cepy as it sauses excessive colon distention; coloscopy 
would be done, if indicated, preoperatively. 

Mr. GOEGHFR: In my practice, transcolonic polypectomy 
Fas now largely been replaced by fiberoptic coloscopic 
pelypectomy. But scmetimes, in dealing with polyps that 
axe technicaly difficult or dangerous to snare endoscopic- 
aly, laparotomy is still required. At this time the entire 
large bowel may be viewec with the fiberoptic coloscope, if 
a goed preoperative coloscopy was not obtained. Any le- 
sions thus o»served are removed by endoscopic snaring— 
tae abdomiral operator helping to feed the polyp to the 
smare—er, if this proves impossible, a colotomy and poly- 
pectomy is performed. Buz even in the latter event there 
is no need to undertake zhe rather messy maneuver of 
open coloseosy with a rigid sigmoidoscope passed through 
t= colotom) since the mare efficient closed fiberoptic co- 
lescopy has already been achieved. 

Dr. TURNBULL: If (as rarely is necessary) transcolonic 
r=noval of apolyp is done, the polyp is located, tied umbil- 
ical tapes iselate the polyp-bearing section of the colon, 
4% ethyl aleohol is injected into the colonic segment to 
disable cancer fragments, using a 15-gauge needle on a 
5—mi syringe. The alcoho is aspirated, the colon opened 
transversely the polyp Gelivered into an alcohol-mois- 
tened sponge and wrapped. The pedicle is transfixed just 
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distal to ligature, the polyp pedicle is cut; the colotomy is 
closed transversely with interrupted 0000 intestinal chro- 
mic catgut and second layer closure with 0000 nonabsorb- 
able interrupted sutures. Preoperative coloscopy is not 
done; rather, “on the table” total fiberoptic coloscopy is 
performed, passing the scope via the rectum. 


Question 3: Do you, or does your institution, employ fiber- 
optic coloscopy? If so, do you approve of removal of “high” 
polyps (beyond conventional sigmoidoscope) through this in- 
strument? If “yes,” should this be done by a surgeon? 


Dr. GALLAGHER: Yes, we remove “high” polyps by 
means of the coloscope. I believe the “polypectomy” should 
be done by a surgeon familiar with polypoid disease and 
surgery of the colon. 

Mr. GOLIGHER: Yes, the fiberoptic coloscope is used in- 
creasingly in our hospital, mostly in my department. 
Pedunculated polyps beyond the reach of the rigid sig- 
moidoscope should now usually be removed by the fiberop- 
tic coloscope rather than by colotomy and polypectomy or 
by resection. Removal of nonpedunculated polyps by this 
method, however, offers the problem of possible damage to 
the bowel wall by the diathermy snare. Sometimes a suffi- 
cient artificial pedicle can be created by traction on a ses- 
sile polyp to make diathermy snaring safely possible, but 
at other times coloscopy and snaring of the polyp perop- 
eratively—that is to say, while the abdomen is open at lap- 
arotomy, is wiser. The area of colon wall from which the 
polyp was taken can then be oversewn if its viability is 
questioned. If there are several polyps in a limited seg- 
ment of bowel, they may be more satisfactorily dealt with 
by a segmental resection. 

Fiberoptic coloscopy for the treatment of polyps or for 
other purposes need not be exclusively in the hands of sur- 
geons; in many centers it is performed mainly by inter- 
nists. Often there will be occasions when the close collabo- 
ration of coloscopist and surgeon is highly desirable. 

Dr. TURNBULL: We employ fiberoptic coloscopy and re- 
move almost all polyps in the colon by this means. A colon- 
rectal surgeon and a gastroenterologist perform this to- 
gether. 

Dr. Hoerr: Fiberoptic coloscopy and intracolonic re- 
moval of even the “high” polyps render the need for per- 
operative transcolonic polypectomy infrequent. The colo- 
scope can, on occasion, be used to advantage during the 
laparotomy. 


Question 4: How do you manage the perineal wound after 
abdominal-perineal coloproctectomy for inflammatory bowel 
disease and carcinoma? 


Dr. GALLAGHER: Inflammatory bowel disease: Excise the 
least possible amount of perirectal tissue. Excise all or a 
major portion of the anal sphincter but preserve the skin 
of the anal canal. 

Carcinoma: Avoid a pack, when possible, to allow the 
wound to collapse. Avoid irrigating (ie, irritating) the 
wound. If the carcinoma is well above the mucocutaneous 
line, avoid wide excision of skin and subcutaneous tissue. 
The wound can be deepened to expose the levators, thus 
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allowing for partial closure over Penrose drains. 

MR. GOLIGHER: My plan of management of the perineal 
wound is essentially the same whether the operation was 
performed for inflammatory disease or carcinoma, vary- 
ing only with female patients. It consists of primary su- 
ture together with closed suprapubic suction drainage. Af- 
ter hemostasia has been secured in the pelvis, two suction 
drains are inserted in the suprapubic region extraperito- 
neally alongside the bladder to the pelvic cavity, and the 
pelvic peritoneium is sutured. The perineal wound is then 
completely closed by two rows of continuous suture with 
No. 1/0 chromic catgut for the fat (including the fringes 
of levator muscle, if enough remains to hold stitches) and 
by interrupted silk sutures for the skin. When performing 
abdominoperineal excision for carcinoma in female pa- 
tients, I always remove the posterior vaginal wall along 
with the rectum. Since effective closed-suction drainage is 
thus rendered difficult, in these cases I prefer to close the 
perineal wound completely but to pass a rubber drain 
from the pelvic cavity through the gap where there has 
been posterior vaginal wall and out through the vaginal 
introitus to the exterior. 

Postoperatively, systemic antibiotic therapy with, say, 
ampicillin is administered and the suction drainage is 
maintained as long as substantial quantities of fluid are 
obtained, which is normally about four or five days. Dur- 
ing the first day, often 400 to 500 ml is withdrawn; the 
next day the amount is usually down to 150 ml or less; and 
thereafter it usually diminishes rapidly, although some 
patients continue to produce 80 to 100 ml daily for seven 
or eight days. 

In about 55% of cases managed in this way, primary 
healing of the perineal wound is obtained. In another 25%, 
some degree of infection or hematoma formation occurs, 
necessitating removal of some sutures for evacuation of 
pus or blood clot, but the main part of the wound heals per 
primam, lessening the period of healing over a wound 
partly left open in the first instance. 

In the remaining 20% of cases, gross sepsis or a large 
hematoma eventually requires wide opening of the wound 


- exactly as if it had been managed on the open plan from 


the beginning. 

There are certain contraindications to the use of pri- 
mary suture with suction drainage: (1) If hemostasia with 
diathermy coagulation, ligatures, and sutures is not en- 
tirely satisfactory, the pelvic cavity should be packed with 
dry gauze from below, the middle third of the perineal 
wound being left open for removal of the pack after three 
to four days under diazepam or a short general anesthetic. 
(2) If there has been contamination from preexisting peri- 
anal abscesses or fistulas, or from damage to the rectal 
wall during the dissection, open drainage by means of a 
rubber tube or strip of corrugated rubber through the un- 
sutured middle third of the perineal wound for three to 
four days is probably safer than closed drainage. On re- 
moval of the drain, the management is by daily injections 
with hydrogen peroxide. 

Dr. TURNBULL: Inflammatory disease: Endoanal proctec- 
tomy is done with removal of the external sphincter and 
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corrugator cutis ani muscle but with preservation of all of 
the anal canal skin. Skin is sutured to the inferior levator 
fascia to make a new anal canal. A light gauze strip left in 
the pelvis is removed through the anus on the fifth day. 

Residual blood clots are aspirated via the anus on the 
tenth day. A sterile proctoscope and a glass tube are used 
for suction of clots. No anesthesia is required. 

If the posterior wound suppurates, daily lavage with un- 
diluted hydrogen peroxide will clear it. Retained blood 
clots usually suppurate. 

Carcinoma: A loose gauze pack in the posterior wound 
lies against the veins of the posterior vagina or prostate. 
The posterior wound is closed by placing interrupted #1 
chromic catgut sutures through subcutaneous fibroadipose 
tissue. Skin edges are approximated with interrupted 0 
chromic catgut. The midperineal portion of the wound (3 
to 4 cm) is left open for the gauze strip to be pulled out on 
the fifth postoperative day. The pelvis is visualized by a 
sterile proctoscope through the perineal wound on the 
tenth day. All blood clots are sucked out through a glass 
tube. 


Question 5: Please detail any special regimen you may use 
to aid the healing process for patients who come to operation 
after long-term corticosteroid therapy. 


Dr. GALLAGHER: I give 50 to 75,000 units of aqueous 
vitamin A three times a day starting the day before oper- 
ation and during the period of steroid withdrawal. We try 
to maintain an expanded, circulatory fluid volume, yet 
avoid dyshydration by using blood, plasmanate, and fu- 
rosemide (Lasix) along with sodium chloride solutions. If 
the body protein levels are low, hyperalimentation, even 
for just three to five days preoperatively, is helpful. 

Mr. GOLIGHER: Healing capacity seems to be impaired in 
patients with colitis or Crohn disease who have been on 
long-term corticosteroid therapy, but it is an open ques- 
tion whether this is due to the corticosteroids or to the fact 
that these patients also usually have had a severe and in- 
tractable disease. I know of no regimen that can be relied 
on to counteract this ill effect on healing, whatever the 
cause. | 

Dr. TURNBULL: Corticotropin is used both coincident 
with surgery and following it, 40 units being administered 
intramuscularly daily for ten days, and then every fourth 
day for six weeks. 

Preparing for surgery, 100 mg of cortisone (Cortone) 
acetate is given intramuscularly 12 hours preoperatively. 
During operation, 100 mg of hydrocortisone scdium succi- 
nate is given intravenously. Thereafter, 50 mg of corti- 
sone acetate is given intramuscularly every 12 hours for 
ten days, then in gradually diminishing doses for 12 
weeks. Coincident with surgery and thereafter, vitamins 
A, D, E, and K (M.V.I1.), 1 ampul or 3 ml, are administered 
intravenously each day in the hospital. 


Question 6: What operation do you advise for a young per- 
son with familial polyposis who has eight or ten polyps in the 
rectum? Is this advice different if there are no rectal polyps? 


Dr. GALLAGHER: With or without the presence of rectal 
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polyps, I advise an abdominal colectomy with excision of 
the upper part of the rectum anda relatively low ileorectal 
anastomesis. The il2um is transected at the ileocecal junc- 
tion and none is sazrificed. The superior hemorrhoidal ar- 
tery is tied off, and I wai for three months before check- 
ing the rectum for residual polyps. The patients are urged 
te have sigmoidoscopy every three months, not only for 
2iectrofulguration of isolated polyps but also to check on 
she possibil ty of their developing an “adenomatosis” or 
carcinoma that necessitates a proctectomy. 

MR. GOLICHER: I used te advise a colectomy and AA 
tal anastemasis, followed dy diathermy fulguration of rec- 
tal polyps if they did not andergo spontaneous regression 
efter removal of the color. However, since the disturbing 
report of Meertel ard his colleagues from the Mayo Clinic 
(Arch Surg 100:521. 1970 recording a high incidence of 
carcinoma arising ir the rectal stump on really long-term 
follow-up afer this opera-ion, I have made it my practice 
tp>-explain tc polyposis patients the greater desirability of 
a complete proctocolectomy and ileostomy. If they refuse 
t aecept this latter adv ce—as is not infrequently the 
ease, particularly when they have had virtually no symp- 
toms but weve undergoing treatment because their condi- 
t on had beea uncovered by 2 relative having had the dis- 
ease—l am prepared to @mpromise and to recommend 
colectomy and ileoreetal anastomosis as a second-best pro- 
cedure, provided that the patient is likely to be able to un- 
derge regular proccosigmoidoscopic surveys every six 
manths or-sc. 

Since I hawe yet to see a patient with familial polyposis 
who did net Lave polyps in the rectum, there is for me no 
practical aspect to the secend part of the question. How- 
ever, the data from the Meyo Clinic suggest that the risk 
of rectal stump careinomas developing after colectomy 
amd ileorecta anastomosis is less the fewer the polyps in 
the rectum a: the time of the original operation and, on 
that basis, a stronge> argument could presumably be ad- 
venced for this more zonservative operation when the rec- 
tum is initially completely free of polyps. But the same 
clese vigilance in regard to periodic endoscopic supervision 
of the rectal stump would still be essential. 

Dr. TURNBULL: I advise celectomy and ileorectal anasto- 
mosis 7 cm above the anal verge, to be performed by the 
age of 17 years. The advice is the same for colonic poly- 
posis even if there are no polyps in the rectum. 

Dr. Horrnr: The presence or absence of polyps in the rec- 
tum itself does not affect tae advice given the young pa- 
tient with familial polyposis. He should undergo at least a 
coleetomy anc ileoproctostomy. (Mr. Goligher favors colo- 
proctectomy hut will settle for the lesser procedure.) The 
ne2d for frequent obs2rvatinn of the remaining rectum is 
emphasized. 


Question 7: Do you personally approve of or employ rubber 
bamc ligation ef hemorrhoids and, if so, under what condi- 
tions? 

De. GALL4GEER: I use “band ligation” for redundant in- 
ternal hemorrhoids thet protrude and bleed if the external 
hemorrhoids are not large er symptomatic. This is espe- 
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cially true in women with a large right anterior quadrant 
internal hemorrhoid. However, I continue to use sclerother- 
apy (5% phenol in cottonseed oil) in the majority of such 
instances, especially in the very apprehensive or elderly 
patient group, as I believe it to be a less complicated and 
traumatic a method than band ligation. Band ligations 
work best when the mucosa is very redundant and the 
bands are placed well above the mucocutaneous line. 

Mr. GOLIGHER: A few years ago I used rubber band liga- 
tion of hemorrhoids a good deal to assess the value of the 
technique. It was not found to be really suitable for first- 
degree piles, for there was insufficient lax hemorrhoidal 
tissue available to pull through the ring. Nor did it seem a 
satisfactory substitute for a formal hemorrhoidectomy for 
large third-degree piles. The patients best suited for this 
treatment seem to be those with moderate sized second- 
degree piles, but I am able to obtain excellent results with 
injection treatment in such cases—and with less dis- 
comfort to the patient than with rubber band ligation. Ac- 
cordingly, I now seldom use the rubber band method. 

Dr. TURNBULL: I approve of rubber band ligation of 
hemorrhoids that are not accompanied by large external 
hemorrhoids. 

Dr. Hoerr: Rubber band ligation of internal hemor- 
rhoids finds favor with Dr. Turnbull, limited favor with 
Dr. Gallagher, and Mr. Goligher is not enthusiastic. 


Report of Cases 


Case 1.—A 33-year-old, 90-kg (195-Ib) man had a transected 
transverse colostomy 18 months previously for extensive sig- 
moid diverticulitis. He recently underwent exploratory sur- 
gery again, and the inflammatory process “did not allow for 
resection.” Consider management under two circumstances: 
(a) You were the surgeon at both operations. 

(b) Someone else was the surgeon. 


Dr. GALLAGHER: This patient must have his descending 
colon removed. Further delay with or without use of anti- 
biotics will not be of help. He should reduce his weight, 
maintain this weight for several weeks, and then be hospi- 
talized. Mechanical bowel preparation from above and be- 
low would be done. An intravenous pyelogram is indi- 
cated; however, the preoperative placement of ureteral 
catheters is elective. 

Abdominal exposure would be through a long midline or 
paramedian incision, and the patient would receive high- 
dosage penicillin or ampicillin during the operation. When 
the colon is transected, a Gram stain would determine if 
additional antibiotic coverage is indicated at that time. 

To me the main questions now are: How much colon is 
resected? What type, if any, of anastomosis is attempted? 

Diverticulitis in the 30 to 40 age group, while uncom- 
mon, is vicious and involves a long segment of disease, 
and there will at times be total colonic involvement by di- 
verticular disease. I would anticipate a difficult, traumatic 
resection from his colostomy site to his rectosigmoid with 
attendant dissection of left gutter and retroperitoneal tis- 
sues resulting in the liberation of much collagenase and 
unroofing of gross or microabscesses. The combination of 
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the presence of collagenase, infection, and the anasto- 
mosis—if contructed—in an indurated bed of tissue pre- 
cludes a “safe” anastomosis. I would probably do a Hart- 
mann closure of the rectosigmoid area and, to avoid a 
“blowout,” invert only a small amount of tissue and vent 
the rectum by means of a large diameter tube. 

After a delay of at least three months, reentry would be 
made. If feasible, the proximal part of the transverse co- 
lon would be used for an anastomosis. However, if this, 
too, were involved by diverticular disease or if there were 
difficulty in mobilization, or any tension, I would resect 
the remaining colon and do an ileorectosigmoid anasto- 
mosis. The ileum could be transected at the ileocecal valve, 
and its position allows for easier placement for an anasto- 
mosis than any portion of the remaining colon. Too often 
when the transverse colon is delivered into the pelvis for 
an anastomosis, it forms a bridge and the small bowel be- 
comes wrapped about it, resulting in mechanical obstruc- 
tion. 

Mr. GOLIGHER: I cannot believe that I would ever find a 
segment of sigmoid diverticulitis to be unresectable at a 
second exploration 18 months after a divided transverse 
colostomy! 

If I were seeing the patient for the first time after the 
second laparotomy, I would satisfy myself by barium 
enema study, sigmoidoscopy, and probably fiberoptic co- 
loscopy that the lesion was diverticulitis and not growth, 
and by intravenous pyelogram that the left ureter was not 
implicated and that the right kidney and ureter are nor- 
mal. If the patient were still anxious to get rid of his co- 
lostomy, I would advise reexploration after an interval of 
three months from the last laparotomy, certainly for be- 
nign disease, and possibly also if malignant disease were 
suspected. 

Dr. TURNBULL: If I were the surgeon originally, I would 
make a diverting skin-level loop transverse colostomy if 
colostomy was indicated, and reoperate and perform sig- 
moidectomy in ten weeks, not 18 months later, thus avoid- 
ing the fixation fibrosis which otherwise occurs. I would 
make a two-layer colorectal anastomosis employing two 
Cheatle slits for a large lumen, suture two 2-cm soft Pen- 
rose drains in any abscess cavity or inflammatory nest 
that was present, and leave the drains (suprapubically) in 
place three weeks, even though they might rest against the 
anastomosis. I would leave the diverting colostomy intact, 
and in the sixth postoperative week I would visualize the 
anastomosis by barium enema. It would be rare indeed to 
find a sinus tract leading away from the anastomosis, but 
if one were present, closure of the colostomy would be de- 
layed until the tract disappeared. 

Following removal of the 2-cm drains after the third 
week, a mushroom catheter is put through the depth of the 
abdominal wall (in the drain tract) to prevent premature 
closure of the drain tract at the skin level. The mushroom 
catheter is removed at the time of colostomy closure in the 
sixth week. 

The reason for three-week drains? To drain away pro- 
teolytic enzymes (collagenase) and pus, which are a potent 
cause of anastomotic disruption under such circumstances. 
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The drains as described do not cause anastomotic disrup- 
tion. 

If someone else were the primary surgeon and not an 
expert in the field, I would suggest he make the colostomy 
and refer the patient to an experienced colorectal surgeon 
ten weeks later. 

Dr. HoERR: The descending colon must be removed, and 
the panelists clearly feel that an experienced surgeon 
could have accomplished it at the second operation. Never- 
theless, dear reader, if you should be the surgeon at such a 
second operation, and you do find the left colon irresec- 
table by your standard, by all means stay your hand, do 
nothing beyond what your common sense tells you to do, 
and graciously refer the patient for a third operation to a 
surgeon with the vast experience shared by our three pan- 
elists. You may save the patient’s life, and lengthen your 
own! 


Case 2.—A 30-year-old woman with known chronic ulcera- 
tive colitis develops over a 48-hour period the signs and symp- 
toms of a “toxic megacolon”: distention; dilated colon, by 
roentgenogram; fever of 40 C (103 F), pulse, 130 beats per 
minute. What do you do and why? 


Dr. GALLAGHER: I defer to Dr. Turnbull regarding “mul- 
tiple ostomies” for decompression, since the goal is to 
treat this life-threatening complication and not neces- 
sarily the underlying disease. However, if on handling the 
colon a rent occurs in the very friable tissue, I would pro- 
ceed with an abdominal colectomy and create a distal open 
mucus fistula. 

Before any surgery is done, however, I would review the 
patient’s accumulated medication orders. “Toxic megaco- 
lon” is frequently precipitated by multiple physicians 
leaving multiple orders in an attempt to relieve the pa- 
tient symptomatically. The patient has usually received a 
mixture of atropine sulfate and diphenoxylate hydrochlo- 
ride (Lomotil), codeine, paregoric, a mixture of chlordia- 
zepoxide hydrochloride and clidinium bromide (Librax), 
prochlorperazine (Compazine), and so on that act as block- 
ing agents, all of which should be discontinued. 

The patient’s new orders would include (1) nothing by 
mouth; (2) nasogastric suction; (3) rectal tube; (4) fluid, 
electrolytes, potassium; (5) whole blood; (6) periodic perfu- 
sion of bacterocidal antibiotics; (7) probable increase of 
steroids. 

Serial abdominal examinations with scout x-ray films 
are done. Since “toxic megacolon” has no definite limits, 
the surgeon should be asked to see the patient as soon as 
the problem is suspected so that he can determine the tim- 
ing of any needed operation. It is the surgeon who best 
knows how to treat adynamic ileus, complicated by a 
large, nondraining viscus that contains pus and a myriad 
of bacteria with their associated endotoxins and exo- 
toxins. 

Mr. GOLIGHER: There is a very high risk of perforation 
in patients with toxic megacolon; indeed, when lapa- 
rotomy is performed, a perforation is often found already 
to have taken place. Therefore, I regard the development 
of toxic megacolon as an indication for immediate surgical 
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interventior to extricate the patient from this pre- 
perforation condition, and by that I mean operation 
w thin three or four hours end not the next morning or 
a>ternoon. 

The patieat is placed in the lithotomy-Trendelenburg 
pesition for the operation, for it allows an assistant to 
Fass a long -ubber catheter through the anus and, under 
tse guidance of the abdominal operator’s hands, into the 
ascending celon for decompression of the bowel as re- 
cuired. The abdomen is opened through a long left para- 
median incision and the further procedure is determined 
ky the findings at laparotomy: 

1. If the eolon is still i2teact, unperforated, and free, I 
perferm an ileostomy and subtotal colectomy or even proc- 
txolectomy. The colon mest be handled with the utmost 
gentleness © as not to tear the very friable bowel wall 
w th subsequent leakage, which may considerably worsen 
t= prognosis. If there shauld be escape of colon contents, 
tais is immediately suckec away, the perforated segment 
of colon freed as quizkly as possible, and a square of plas- 
t material “ied around it. The operation can then proceed 
a= planned. 

2. If on ertering the abdomen there already is an open 
p=foration cf the colon, tae soiling is dealt with by suc- 
tæn and a subtotal colectamy and ileostomy is performed 
a= expeditiously as can be managed. 

3. If thereis a sealed perforation with the site of perfo- 
racion in, sar, the sigmoid or descending colon and firmly 
aatherent to the parietes, a colectomy would inevitably re- 
swt in unsea ing the perforation and considerable contam- 
iration of the peritoneal cavity. It is better in such cases 
te refrain from colectomy and to establish an ileostomy 
acai a decompressing spurlass transverse or sigmoid colos- 
temy as recommended by Turnbull and his colleagues, ex- 
cept that I prefer to make a divided ileostomy, rather than 
a Wop ileostany, with the two ends brought out at sepa- 
raze wounds because it is easier to manage with the appli- 
ame subsequently. 

After any of these procedures, and especially when 
there has been fecal contamination, it is advisable to com- 
mence intensive antibiotie therapy (with, say, 4 gm of 
cephalothin administered by an intravenous drip infusion 
every six hours starting daring the laparotomy) and be- 
fore closing the abdomen t irrigate the peritoneal cavity 
wh an antibiotic or antiseotic solution such as noxytiolin. 
Aer methoc 3, the patient eventually has to face up to 
another intervention to remove the diseased large bowel, 
atd one of the snags to this method is that sometimes the 
cd tis fails te resolve completely following the ileostomy 
ard decompression, cr flares up again before an elective 
prectocolectomy can e carried out. 

Dr. TURNBILL: I would tape a coin in the umbilicus, 
m=ke upright and flat x-rey films of the abdomen (to lo- 
calf accurate y the transverse colon), and prepare for op- 
eration to consist of decompression (blowhole) transverse 
coesteomy and diverting lop ileostomy. I would use a 
short infraurcbilical left paramedian incision after mark- 
in2 the ideal ileostomy site in the right lower quadrant. 
Om opening tae abdomen, £ loop of ileum is selected near 
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the cecum, and is delivered through a proper aperture in 
the right lower abdominal wall. The abdomen is not ex- 
plored for fear of disrupting a sealed-off perforation caus- 
ing fecal spillage. The abdomen is closed with wire. The 
ileostomy is opened. 

A short vertical left paramedian incision is now made 
over the dilated transverse colon and in the same parame- 
dian incision line that was just closed. The transverse co- 
lon will bulge into the wound, the seromuscular layers are 
sutured to the peritoneum, and a second layer to the 
Scarpa fascia with interrupted 0000 chromic catgut. The 
now quarantined and gas-filled colon is aspirated with a 
15-gauge needle on a suction tube. As it decompresses and 
rises in the wound, it is opened and sutured te the skin 
loosely, forming a colostomy. With this decompression and 
diversion, the patient usually rapidly improves, Colectomy 
is done in six months or whenever there is a recrudescence 
of symptoms (outpouring of water, blood, and pus from 
blowhole or rectum). 

If the patient remains toxic or has a massive hemor- 
rhage from the colon (Crohn disease) 1,000 ml of direct 
blood transfusion is given arm to arm (multiple plastic 50- 
ml syringes) to stop the bleeding, and subtotal colectomy 
is performed after through-and-through lavage of the co- 
lon with saline after the patient is under anesthesia. 

In 91 patients with toxic megacolon, two died postoper- 
atively (decompression diversion), but not from sepsis. 

The mortality from colectomy under these circum- 
stances is reported as 20% to 30%. 

Dr. Horrr: This serious complication of ulcerative co- 
litis demands the best available judgment, experience, 
and surgical technique. It is a surgical emergency until 
proved otherwise, and if operation is performed forthwith 
(Goligher, Turnbull, and—with some provisos—Gallagher) 
the extent of the procedure—decompression versus colec- 
tomy—depends on the findings at laparotomy. Dr. Turn- 
bull favors decompression-diversion procedure only; Mr. 
Goligher favors colectomy and decompression unless this 
unseals a “sealed” perforation; and Dr. Gallagher uses co- 
lectomy if the rent occurs in the bowel at the time of a 
planned decompression. 


Case 3.—A thin, 65-year-old woman in good general condi- 
tion has a well-differentiated annular carcinoma of the rectum 
8.5 cm from the anal verge. What methods of curing her would 
you consider, both radical and conservative, and how would 
you arrive at a decision? 


Dr. GALLAGHER: I am presuming this patient has no evi- 
dence of distant metastatic disease and thus I would do a 
resection. “Radical” therapy would be preoperative radia- 
tion (4,500 rads), a four- to six-week delay, then an abdom- 
inoperineal resection and probably a subtotal hysterec- 
tomy with salpingo-oophorectomy. I would leave the 
cervical stump to lessen the chances of the bladder pro- 
lapsing into the perineal wound. On one occasion after a 
complete posterior exenteration I have used Marlex mesh 
to support the bladder neck, and this has worked well. A 
“conservative” approach would be a resection and a low 
anterior anastomosis as this patient is described as being 
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a “thin woman.” If radiation therapy was given prior to a 
low anterior anastomosis, I would employ a diverting 
transverse colostomy. 

What would influence me as to which of the above I 
would do? Statistically there is no difference as to “cure 
rate” between an abdominoperineal resection and a low 
anterior anastomosis; however, recurrent carcinoma in the 
pelvic space means pain of great intensity. Although the 
lesion is reported as well-differentiated carcinoma, but is 
annular, it has probably been present for a period of two 
years. If the lesion feels fixed or deeply ulcerated, I would 
use preoperative radiation as this would lessen the chance 
for pelvic recurrence. The decision as to an anastomosis 
would be made at surgery, and as the patient is “surgi- 
cally young” and the female pelvis allows for exposure, an 
anastomosis might be feasible. Special attention would be 
paid when the bowel is excised as to bleeding from the rec- 
tal cuff. The proximal limb would not have been in the ra- 
diated field and should have a good blood supply. Addi- 
tional pelvic surgery, ie, partial vaginectomy, 
panhysterectomy or less, would depend on the pelvic find- 
ings such as juxtaposition or direct involvement of the tu- 
mor to the vagina. 

Mr. GOLIGHER: In theory, several operative methods 


_ could reasonably be considered for the care of this patient. 


Unquestionably the simplest and least troublesome to the 
surgeon would be a standard abdominoperineal excision. 
However, this is also the least attractive to the patient be- 
cause it leaves her with a permanent iliac colostomy, and 
the site of the growth in this case, and its good histologi- 
cal differentiation, would certainly raise the possibility of 
it being treated alternatively by some form of sphincter- 
saving resection. One of the conditions necessary for such 
a resection to be truly radical in scope is the securing of a 
distal margin of clearance of not less than 5 em of normal 
rectal wall beyond the lesion. When the rectum is fully 
dissected at operation by freeing it anteriorly and posteri- 
orly and dividing the ligaments, a growth that lay at 8.5 
cm from the anal verge on preoperative sigmoidoscopy, as 
in this case, may rise to 12 em or higher. Thus, resection of 
5 cm below the growth as required would leave an anorec- 
tal stump of 6 or 7 cm, which would be fully adequate for 
normal anal continence. 

A sphincter-saving resection in this case is also favored 
by the fact that these operations are more easily per- 
formed in thin, female patients. But it cannot be too 
strongly stressed that a final decision as to which oper- 
ation will be most suitable can only be made after the rec- 
tum with its contained growth has been thoroughly mobi- 
lized at operation. From a long personal experience with 
low anterior resection, I would be moderately confident of 
being able to treat this particular patient by this tech- 
nique. But, if this proved impossible, my second choice 
would be an abdominoanal pull-through excision. I prefer 
the Maunsell-Weir technique (which completes the anasto- 
mosis between the colon and the cut end of the everted 
anorectal stump outside the anus, as in the Swenson oper- 
ation for Hirschsprung disease), or the Cutait two-stage 
technique (which leaves the colon stump projecting 8 or 10 
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cm beyond the cut edge of the everted anorectal stump for 
ten days, after which the excess colon is amputated and 
the everted bowel gradually recedes through the anus). 
Yet another type of sphincter-saving resection that ought 
to be considered is abdominosacral resection, in which the 
growth is resected as in an anterior resection, but the low 
pelvic anastomosis is completed through a sacral approach. 
I have not used this method for some years, but it is now 
enjoying a revival. 

At the completion of any of these types of resection, I 
would invariably establish a right-sided transverse colos- 
tomy to lessen the morbidity associated with any subse- 
quent anastomotic dehiscence or necrosis of bowel. The co- 
lostomy is not closed until secure colorectal union has 
taken place, which may take but two or three weeks or 
may require a good deal longer if there has been some 
breakdown. 

I [would] do not consider this case suitable for even 
more conservative methods of treatment avoiding resec- 
tion—diathermy fulguration or endocavitary radiation— 
for these forms of therapy should be reserved for rela- 
tively localized lesions, judged clinically to be free from 
lymphatic metastases. In this patient I reckon that there 
would be at least a 30% to 50% chance that nodal metas- 
tases might be present. Moreover, she is a fit subject, well 
able to stand a full cancer operation. 

Dr. TURNBULL: I suggest a radical method of cure, ie, 
laparotomy, resection of the rectum and sigmoid colon 
with low colorectal anastomosis. There should be no tech- 
nical problem with a tumor 8.5 cm above the anal verge in 
a thin woman. There is no conservative method of cure of 
this annular (circumferential) cancer. Local coagulation is 
ineffective. The tumor is at the peritoneal reflection and, 
being annular, it could not be eliminated by any other 
method than resection as described. 

Dr. Hoerr: Rectosigmoid resection with preservation of 
the anus and a low colorectal anastomosis is the favored 
procedure for this cancer. Electrocoagulation or other 
purely local removal is not to be considered. 


Case 4.—A woman of 60 has survived a single massive hem- 
orrhage of bright red blood from the colon. The only roent- 
genologic finding is sigmoid diverticulosis. Results of upper 
gastrointestinal tract studies and gastroduodenoscopy are 
normal. How would you investigate further and what treat- 
ment would you advise? 


Dr. GALLAGHER: I would obtain a small bowel study on 
the rare possibility that the bleeding is actually from a 
small bowel lesion. The patient would be instructed to eat 
a regular diet, maintain high water intake, and be placed 
on a hygroscopic bulk producer (Hydrocil, Metamucil). She 
would be told that on the next occasion of bleeding, selec- 
tive angiography would be done, as the bleeding from ar- 
teriovenous shunts is of the same character as that for di- 
verticular disease, ie, sudden onset, substantial amount, 
and no associated abdominal distress. I would not do a 
“blind” descending colon resection even though diver- 
ticula are said to be limited to the descending colon. In 
bleeding secondary to diverticular disease, the site of the 
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bleeding d-verticulum is more likely to be proximal to the 
sigmoid coon, and not all diverticula are shown by barium 
enema studies. I would Go n abdominal colectomy, unless 
the angiography scudy uncuestionably demonstrated the 
source of Heeding to allow for a segmental resection. 

Mr. GOLGHER: Gne starts off in a patient of this type 
with a strong presumptive diagnosis of bleeding from di- 
verticular Gsease. When, in addition, the subsequent stud- 
ies show sigmoid diverticulosis but no other abnormality, 
this diagnosis becomes a virtual certainty and there seems 
no veal ind cation for further investigation. Although co- 
loscopy might be held to de a useful precaution to exclude 
the possibility of a polyp missed on the roentgenographic 
=xaminatioa, since zhe stery is not at all like that of bleed- 
ag from a volyp I would probably withhold this examina- 
zion. 

If the patient has had ao symptoms referable to the di- 
zerticular Gisease other than this single hemorrhage, I 
should adopt an expectant cttitude. Many patients never 
bave any farther trouble. Others may in the course of 
months or years have one or more similar massive hemor- 
rhages, whieh, in th2 vast majority of instances in my ex- 
perience, cease spontaneously with blood transfusion and 
censervative managemen~: Elective surgery for the diver- 
ticular disease would prokably only be considered if there 
tad been two or more severe hemorrhages and would con- 
ast of sigraoid colectomy if a careful second barium 
enema had shown that the disease was confined to this 
segment of -he bowel. 

The need for emergeney operation in cases of diver- 
t eular hemorrhage seldom arises, but if emergency inter- 
vention has o be contemplated in a case with severe con- 
t-nued bleeding, one woud ask for selective mesenteric 
arteriography to try tə demonstrate the actual bleeding 
paint in the bewel. It could also be that the radiologist 
might be able to arrest the bleeding by means of an injec- 
tien ef 1 ug/ml of epinepkrine at 20 ml/min through the 
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intra-arterial catheter. If operation becomes necessary 
and the site of the bleeding has been defined by the radiol- 
ogist, the surgeon can confine his resection to that part 
of the large bowel, say, the sigmoid colon. But, if the 
roentgenographic examination was not helpful, or if mes- 
enteric roentgenography was not available and emer- 
gency surgery was still required, the surgeon would have 
to use his clinical and operative judgment as to the scope 
of his intervention. If subsequent barium enema examina- 
tions had confirmed localization to the sigmoid and this 
was the impression at laparotomy, it would probably be 
justifiable to carry out a simple sigmoid colectomy. But, in 
view of the great tendency for bleeding to arise in the as- 
cending colon, even when most of the diverticula are situ- 
ated in the descending colon, a wiser course would be a to- 
tal colectomy and ileorectal anastomosis, unless the 
patient were overwhelmingly obese or there were other 
great technical difficulties. 

Dr. TURNBULL: Coloscopy is the next diagnostic method 
to be used for this woman. If normal, visceral angiography 
would be necessary to eliminate the possibility of a right- 
sided ileocolic arteriovenous shunt vascular lesion as the 
source of bleeding. If the results of these tests are normal, 
and if she is now well, angiography at the time of her next 
“bleed” would be helpful. If all the results of these tests 
are normal, she bleeds from diverticulosis of the colon or 
an unknown small bowel lesion. 

Dr. Horrr: All modern available diagnostic techniques 
should be employed in an effort to localize the bleeding. 
This includes fiberoptic coloscopy and visceral angiogra- 
phy. Dr. Gallagher obtains a study of the small bowel as 
well. If bleeding requires operation without loealization, 
total colectomy with ileoproctectomy is preferred over 
“blind” left-sided colectomy since bleeding of this type 
may also originate in the ascending colon. In many pa- 
tients, if not most, bleeding subsides with conservative 
measures and may never recur. 
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Excitation Transfer in Bone 
Deleterious Effects of Cobalt 60 Radiation-Sterilization of Bank Bone 


In a bone alloimplant in muscle, the structure of the organic 
matrix evocates or promotes a morphogenetic response from migra- 


tory mesenchymal cells. Radiation sterilization destroys the morpho- 


genetic property at a much lower dose of cobalt 60 in undemineral- 
ized than in the demineralized bone. Damage to the organic matrix is 
heightened by excitation transfer from the radiated bone mineral to 
the matrix proteins. The mineral having an apatite structure also has 
a relatively high ionization potential and generates deleterious free 
radicals, which convert the matrix collagen to gelatin. Radiolysis pre- 
vents neither the undesirably delayed hypersensitivity response nor 
the degradation of the bone morphogenetic property by endogenous 
protease. These observations account for the failure of freeze-dried 
and radiation-sterilized bone to promote repair of large bone defects 
in adult patients. 


diation sterilization of bone grafts has long been 

a matter of concern,'? but until recently only un- 
specific methods were available to assess the effects on 
biologic properties. Methods of assessment of cell popu- 
lation responses to bone matrix were unknown, and corre- 
lation of measurements of enzymatic activity** with de- 
terminations of changes in collagen structure®’ and repair 
of defects filled with radiated bone were relied on to de- 
tect adverse effects of a standard absorbed dose. Produced 
either by x-rays with an energy of 4 mev or by cobalt 60 
gamma rays with energies of 1.33 and 1.17 mev,*’ the ab- 
sorbed bacteriocidal-fungicidal dose is 3.5 megarads. 

In 1969, the International Atomic Energy Agency met 
to review the claims for bioacceptability of radiation-ster- 
ilized bone.** As might have been expected, radiation had 
been carried out in different laboratories for different pur- 
poses and in differing ways.’ Buring and Urist' radiated 
demineralized bone and reported adverse effects on the 
morphogenetic response to demineralized bone matrix. 
Wright and Trump’ concluded that results might be dif- 
ferent if the bone had been undemineralized and freeze- 
dried prior to radiation,’ and suggested that the altera- 
tions produced by 3.5 megarads would not adversely effect 
the clinical outcome of “grafting or implantation” in pa- 
tients selected with allowances made for the probability 
of radiation damage and limiting the indications of bone 
cysts or osteotomies.** Accordingly, radiated bone im- 
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plants would not be used in spinal fusions or fractures 
needing autologous grafts, nor in conditions in which aug- 
mentation of healing was desirable.*’*° Allowances 
were also made for such advantages as easy procurability 
and optimal mechanical properties, which might outweigh 
the disadvantages of limited applicability.” 

Volkov and Bizer* aroused new interest in radiation- 
sterilized bone in a report of 85% successful results in 
several thousand operations, but the patients were almost 
exclusively growing children. To reevaluate the experi- 
mental evidence and search for an explanation for the un- 
favorable'*'* as well as favorable reports,''? we employed 
a special method to assess radiation damage to the or- 
ganic matrix. This method consists of implantation of 
freeze-dried cortical bone that has been radiated with cali- 
brated doses of cobalt 60 gamma rays before and after de- 
mineralization, and is based on correlation of roentgeno- 
graphic, histologic features and new bone ash analyses.” 
Inasmuch as implanted matrix does not recalcizy, analyses 
of ashed new bone provide a quantitative expression ef 
the capacity of donor bone to elicit a morphogenetic re- 
sponse from the recipient. 

In recent years, bone morphogenesis has been associ- 
ated with the native structure of the following: (1) an in- 
soluble trypsin-labile bone morphogenetic protein or part 
of a protein (BMP) firmly bound to bone collagen?”:"; (2) a 
protease (BM Pase), extractable and soluble in neutral buf- 
er solutions, that degrades BMP- (3) an anti- 
morphogenetic hydrophobic glycopeptide, extractable in 
chloroform-methanol, that binds BMP”; (4) protein-poly- 
saccharides of low molecular weight, extractable in cold 
with 2 M calcium chloride, that inhibit BMPase?'-**; (5) 
protein polysaccharides of high molecular weight, extraet- 
able with 6 M lithium chloride, that inhibit the transfer of 
BMP from collagen to the plasma membrane of mesenchy- 
mal cells.” Biochemical evidence for the existence of a 
BMP-BMPase system will be reported later by Mikulski 
and Urist.” In the present report, observations will be 
presented on the effects of radiation on the BMP-BM Pase 
system and related physiologic functions of bone matrix. 


Materials and Methods 


Segments of diaphysial cortical bone from rats of the Sprague- 
Dawley strain were scraped clean of soft tissue and marrow and 
washed in cold water under sterile conditions. One hundred 
diaphysial cortical segments from either the humerus, femur, or 
tibia were divided into four groups, further subdivided into eight 


Excitation Transfer in Bone/Urist & Hernandez 


Yield, milligrams bone ash 
per gram preimplanted matrix 





20 25 30 35 4.0 50 
Cobalt 60, megarads 


0.5 1.0 


ONN Ay w i 

Fig 1.—Tep eft, Relationship ketween dose of ionizing radiation 
and bone yielc from implants of bone matrix. Decline in bone yield 
= relatively gradual in implants of bone demineralized before radia- 
on with doses up to 3.5 megaracs (x's) and precipitous in implants 
fest radiated with doses between 1.0 and 2.0 megarads and then 
temineralized Insoluble bone gelatin (open circles) in which soluble 
components censtituting 20% of dry weight of organic matrix plus 
ai! inorganic salts had deen removed, retained more of bone mor- 


pmogenetic praperty at 3.5 megarads than whole bone (solid circles) 
ondefatted boae matrix (triangles). Top right, Bone first exposed to 


fee ; 


subgroups, ani exposed to successively increasing doses of cobalt 
6) radiation Fig 1). Cortical segments from each of the four 
groups were then implented in the rectus abdominus muscle of al- 
legeneic recip=nts. The groups of cortical segments differed in the 
fallowing mamner: group 1, segments were lyophilized, radiated, 
and then demneralized in 0.6 N hydrochloric acid at 2 C for 24 
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1.0 megarads, then demineralized, and later implanted in muscle 
for four weeks. Muscle, M; fibrous envelope, F; implanted insoluble 
bone gelatin, G; new bone, N. Bottom left, Bone demineralized un- 
radiated control bone matrix four weeks after implantation. Im- 
planted bone matrix, A. Bottom right, Demineralized insoluble bone 
gelatin radiated with 1.0 megarads, four weeks after implantation. 
Note pale-staining structure (G) similar to the implanted material 
shown in Fig 1, top right, compared with large quantity of deep- 
staining unabsorbed whole matrix shown in Fig 1, bottom left. (All 
stained with hematoxylin-eosin and azure Il at x 150.). 


hours; group 2, segments were first demineralized and then ra- 
diated; group 3, segments were extracted with chloroform-meth- 
anol before demineralization and radiation; and, group 4, seg- 
ments consisted of bone matrix converted into insoluble bone 
gelatin by sequential extraction under controlled conditions of 
temperature and pH, as specified in a previous report.” 
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One control consisting of undemineralized, radiated bone and a 
second control group consisting of undemineralized, autoclaved 
bone were also implanted (Table 1). Radiation was carried out in 
chemically clean, sealed containers exposed to gamma radiation 
from a source consisting of aluminum-jacketed cobalt 60 rods. The 
eight subgroups were exposed to doses of 0.5, 1.0, 2.0, 2.5, 3.0, 3.5, 
4.0, and 5.0 megarads, respectively. Internal controls were main- 
tained by implanting in the rectus abdominus of each allogeneic 
recipient a segment of unradiated bone, in addition to the ra- 
diated control segment. The entire anterior abdominal wall was 
excised three, four, or six weeks after implantation and examined 
by roentgenographiec, histologic, and quantitative physical meth- 
ods. Quantitative analysis of new bone was based on the determi- 
nation of ash weight per gram of preimplanted demineralized 
matrix, by methods previously described in detail. The yield of 
bone in segments of undemineralized bone was estimated by 
counting the number of new bone deposits and recording their lo- 
cation within 100 intercepts of a light microscope eyepiece grid. 

Calibration.—Each preparation of bone was exposed to a 10,000- 
curie cobalt 60 source (double stainless steel encapsulated cobalt 
rods) at a calculated dose rate. 

Degradative Enzymes.—Twenty-four segments of demineralized 
bone matrix each weighing 50 mg were divided into eight sub- 
groups of three each and radiated in the same manner as the seg- 
ments in group 2 (Fig 1). Following radiation, the segments in the 
eight subgroups were ground into a coarse powder and incubated 
in a phosphate buffer solution containing 25 mg of insoluble bone 
gelatin at 37 C for 48 hours. Whole bone matrix contains phos- 
phate buffer-soluble degradative enzymes?’ that reduce bone 
yield by 50% within 24 hours, 90% within 48 hours, and more than 
95% within 72 hours. Degradative enzymes and hydrophobic glyco- 
peptide inhibitors of bone morphogenesis?! were removed from 
the bone matrix during sequential chemical extraction and con- 
version to insoluble bone gelatin. BM Pase-hydrophobic glycopep- 
tide-free insoluble bone gelatin was the substrate used in de- 
termining the quantity of degradative enzyme present in the 
digestant solutions of bone matrix powder exposed to ionizing ra- 
diation (Table 2). In three groups of six cortical segments each, 
the segments having been radiated with 5 megarads before demin- 
eralization with two enzyme inhibitors—iodoacetic acid and so- 
dium azide, 10 millimoles/liter—were added to the buffer solutions; 
in three groups of six cortical segments each, the unradiated bone 
powders were used for controls (Table 1). The residues were 
washed in cold water and implanted in allogeneic recipients. 


Results 


Undemineralized Bone.—Figures 1 to 3 summarize the re- 
sults of ionizing radiation on undemineralized bone com- 
pared with three different preparations of demineralized 
bone matrix. Bone that was radiated prior to deminerali- 
zation, when implanted in muscle stimulated the forma- 
tion of less new bone than did implanted bone that was 
demineralized prior to radiation sterilization. Nonsteriliz- 
ing doses of less than 1.0 megarad*’ did not reduce the 
yield of new bone; approximately 500 mg of new bone ash 
per gram of matrix were produced after demineralization 
and implantation. Undemineralized bone exposed to 1.0 
megarad before demineralization evoked high yields of 
new bone. Bone exposed to 2.0 megarads, a dose producing 
bacterial but not viral sterilization, and similarly de- 
mineralized before implantation evoked little or no new 
bone. 

Demineralized Bone Matrix.—Removal of acid-soluble or- 
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Table 1.—Implants of Radiated Undemineralized Bone 











Delayed 
Hypersensitivity Colonies of 
Response, New Cartilage 
Megarads Bonfiglio Scale or Bone 
0 1+ + 
0.1 i + 
1.0 i+ + 
2.0 ar 0 
2.5 2+ 0 





* Autoclaved control bone. 






ganic constitutents and inorganic calcium phosphate—ac- 
complished by immersion of donor bone for 24 hours in 
0.6N hydrochloric acid at 2 C—followed by lyophilization ` 
and radiation, resulted in a dose response curve in which 
the yield of new bone was reduced by 60% in the dose 
range between 2.0 and 3.5 megarads, and by 90% to 100% 
in the range between 4.0 and 5.0 megarads. 

Defatted Demineralized Bone Matrix.—Extraction of lip- 
ids and a substantial part of the lipoproteins with chloro- 
form-methanol prior to removal of acid-soluble proteins 
and inorganic calcium phosphate resulted in a curve sig- 
nifying a gradual reduction in the yield of new bone to 
about 80% in the dose range between 2.0 and 3.0 mega- 
rads. 

Insoluble Bone Gelatin.—As illustrated in Fig 1 and 4, ra- 
diation of insoluble bone gelatin produced implants with 
bone yields declining somewhat more gradually than im- 
plants of defatted, demineralized whole matrix. Approxi- 
mately 20% of the bone yield was retained after exposure 
to 4.0 megarads, a dose more than sufficient for bacterioci- 
dal and fungicidal effect. Thus, the constituent of bone 
matrix that elicits the bone morphogenetic reaetion of the 
mesenchymal cells of the recipient was the least suscep- 
tible to radiation damage or denaturation when divested 
of surrounding organic and inorganic constituents of bone 
matrix. 

Each preparation of bone was examined four weeks af- 
ter implantation to correlate the areas of radiopacity with 
histologically valid bone and to estimate the quantity of 
unabsorbed old matrix. Normal unradiated demineralized 
bone and bone radiated with more than 2.0 megarads was 
only about 50% resorbed and replaced by new bone. In the 
same period of time, insoluble bone gelatin that was given 
this dose or from which radiation was withheld was almost 
entirely resorbed and replaced by new bone. Bone ra- 
diated before demineralization produced an entirely dif- 
ferent response; doses as low as 1.0 megarad altered the 
organic constituents in such a way as to produce a matrix 
closer in similarity to insoluble bone gelatin than to native 
bone collagen. These constituents were resorbed as rap- 
idly as gelatin and simultaneously produced slightly 
higher bone yields than demineralized whole matrix. A 
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Table 2.—Enzymatic Activity and Antimorphogenic Properties of Bone Matrix 





System 
Unradiated bone 
matrix powder + 
insolubie bone 
gelatin (IBG) 0 
Unradiated bone 
matrix powder + IBG 
Unradiated bone 
matrix powder + IBG 


Bone radiated 

5.0 mezarads cobalt 60 + IBG 0 
Bone radiated 

5.0 megarads cobalt 6C + IBG IAA 
Bene radmted 


5.0 mezarads ccbalt 6C + IBG 
* Amount 10 millimols/liter. 


Cobalt 60 radiation >efore demineralization 


Insowuble bore gelain 


Chleroform-methanc! extracted, demineralized matrix 


Dereneralized whole matrix 


Fig 2.—Implants of four different preparations of bone matrix in 
duplicate in anterior abdomma wall of two normal adult rats, one 
(left roentgenogram) with unradiated and one (right roentgen- 
ogram) with implants radiated with doses of 2.0 (left side) and 2.5 
(right side) megarads. Implants are placed on contralateral sides of 
abdomen to Drepare internal control for experimental system. Note 


dose of 0.. megarad did not result in matrix that was 
more rapicly resorbable than whole matrix, nor did it pro- 
duce greater yields of rew bone than normal bone. 
Undemineralized Controls.—Table 1 summarizes observa- 
tions on implants of lyophilized whole bone exposed to the 
same doses of cobalt 60 radiation as demineralized bone, 
but implanted without demineralization. Four to six 
weeks later, the implan:s were decalcified and examined 
histelogicaily. The number of focal collections of plasma 
cells, lymphocytes, reticulocytes, and giant cells were 
counted im nine sections of each implant and graded on 
the Bonfig-io scale of 1 *o 4. Samples radiated with doses 
of 0.1 to 2) megarads produced a 2+ response; 2.5 to 3.0 
megarads droduced at 3+ response; and 4.0 to 5.0 mega- 
rads a 4+ response. On this scale, used for estimation of 
the delayed hypersensitwity response of allogeneic recipi- 
ents, freeze-dried bone did not produce a response as in- 
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Inhibitor 


lodoacetic acid (IAA) * 


IAA + sodium azide (NaN,)* 


IAA + NaN 


Yield Milligrams of Bone Ash per Gram 
Preimplanted Matrix 


40+ 3 
380 + 20 
407 + 29 

10 
310 + 36 


421 +32 





area of radiopaque deposits of new bone in implants of radiated 
bone gelatin but no radiopacity in areas of bone matrix radiated be- 
fore demineralization (arrows). Relatively small deposits develop 
in whole matrix or matrix chloroform-methanol defatted before ra- 
diation with 2.0 megarads. In comparison, unradiated matrix pro- 
duced large deposits in all four preparations. 


tense as that observed in allografts of living bone (includ- 
ing bone marrow cells) or even nonviable xenogeneic 
implants. Nevertheless, there was a substantial response 
to implants of bone radiated with nonsterilizing doses be- 
low 2.0 megarads, and an intense response to bone ra- 
diated with sterilizing doses above 3.0 megarads. Implants 
given doses below 1.0 megarad produced about the same 
hypersensitivity response as unradiated implants and, 
more important, evoked small, scanty, but well-developed 
colonies of new cartilage and plates of new bone within 
the interior of those old vascular channels that were well 
insulated from foci of chronic inflammatory cells. 
Autoclaved, undemineralized bone produced the same 
number of collections of lymphocytes, plasma eells, reticu- 
locytes, and giant cells as bone radiated with doses 
greater than 2.5 megarads. These collections were found 
within as well as on the surfaces of implants examined 
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four to six weeks after operation. No deposits of cartilage 
or new bone were visible in 54 sections obtained from six 
implants in three recipients. 

_ Enzymatic Activity and Antimorphogenic Properties of 
Bone Matrix.—Whereas ionizing radiation disseminated 
the morphogenetic response of migratory mesenchymal 
cells, radiation had no appreciable effect on bone degrada- 
tive enzymes or antimorphogens. The supernatnant diges- 
tant solution of radiated bone matrix incubated in neutral 
phosphate buffer—indeed, even matrix radiated with doses 
as high as 5.0 megarads—completely extinguished the ca- 
pacity of unradiated insoluble bone gelatin to evoke a 
bone morphogenetic response. The addition of iodoacetic 
acid to the buffer solution prevented the extinguishing 
phenomenon, and the combination of iodoacetic acid and 
sodium azide produced yields equal to that from implants 
of unradiated matrix (Table 2). 


Comment 


The surprising fact derived from the aforementioned 
experiments is that radiation sterilization is more destruc- 
tive to undemineralized whole bone than to any one of 
three different preparations of demineralized bone or bone 
matrix derivatives. Ionizing radiation of undemineralized 
bone with 3.5 megarads of cobalt 60 (the standard radia- 
tion-sterilization dose for bone for bone banks) completely 
destroys that property of bone matrix that evokes a mor- 
phogenetic response from the mesenchymal cells of the re- 
cipient. 

The destructive effects of radiation sterilization of bone 
are attributable to generation of free radicals,” a pro- 
cess dependent on the density of the tissue.” Undeminer- 
alized bone is 1.8 times the density of demineralized bone 
matrix and could absorb a larger quantity of ionizing ra- 
diation. Photons passing through undemineralized bone 
deposit a quantity of energy sufficient to liberate Comp- 
ton electrons in very large numbers. In megarad dosage, 
two special effects develop. Radiation produces ionizations 
and excitations at random. Each of the diverse chemical 
components of bone” has its own ionization potential and, 
as indicated by electron-spin resonance signals and elec- 
tron stability, apatite crystals have a far higher ionizing 
potential than the organic constituents of bone either in- 
dividually or collectively.*!-** Excitations occur when some 
of the inner orbital electrons are raised to higher energy 
levels within the atom and subsequently transferred from 
the inorganic to the organic phase of bone radiated with 
megarad doses of cobalt 60. 

The Collagen-BMP Relationship.—Collagen, which repre- 
sents about 90% of the dry fat-free weight of organic bone 
matrix, is a physicochemical carrier of a hypothetical tryp- 
sin-labile bone morphogenetic protein (BMP). If melted 
by exposure to solutions of high ionic strength at 2 C or by 
heating in water at 55 C, bone collagen is transformed 
into bone gelatin without reduction of the specific activity 
of BMP in the insoluble residue.” A comparable effect oc- 
curs when undemineralized bone is exposed to ionizing ra- 
diation not in excess of 1.0 megarads. After demineraliza- 
tion of the matrix and exposure to body fluids at 37 C, a 
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Before After 


Demineralization 


Radiation, 
megarads 


0.1 
1.0 


2.0 
2.5 
3.0 
3.5 
0.0 


Yield 


Fig 3.—Roentgenograms of implants and ash weights of new 
bone (in milligrams) per gram preimplanted matrix showing precipi- 
tous decline in yield from bone radiated with 2.0 megarads before 
demineralization. Note loss of yield from bone radiated with bacte- 
riocidal-fungicidal doses of more than 3.5 megarads. 


dose of 1.0 megarads causes the matrix to shrink yet still 
retain a high specific activity of BMP (Fig 3 and 4). A dose 
of 2.0 megarads shrinks and transforms bone collagen to 
bone gelatin, but at these higher dose levels BMP activity 
ceases, just as it does when bone is heated to 70 to 100 C. 

Firmly bound to bone collagen, BMP is an integral part 
of a substratum that somehow institutes the process of 
transdetermination of mesenchymal cells and differenti- 
ation of bone cells. That transdetermination is hardly de- 
tectable in mineralized bone and is easily observed only in 
demineralized or newly mineralized bone, may be the re- 
sult of apatitic insulation of the BMP from the responding 
cells. A particular chemical bond between the mineral and 
matrix may also inhibit transmission of BMP, the bone 
morphogen or morphogenetic signal. If there were a 
bond” or intimate interaction®® between mineral and col- 
lagen, and if collagen were to function as its carrier,” ra- 
diation would be expected to destroy BMP more com- 
pletely in undemineralized than in demineralized bone. 
However, mere physical contact between mineral and 
matrix may suffice for energy transfer*’*' as well as accu- 
mulation of free radicals. The number of free radicals pro- 
duced by a dose of only 1 megarad to undemineralized 
bone, as measured by electron-spin resonance, would be 
sufficient to produce radiolysis and transformation of bone 
collagen into gelatin.’ 

Intraskeletal implants of radiated bone in dogs’ and 
rabbits*! are incorporated more slowly than nonradiated 
implants. In extraskeletal implants in which new bone 
formation is easy to quantitate, successively diminshing 
bone yield occurs with dosage levels of 2.0 to 5.0 mega- 
rads.' Mineralized wet bone enters into auxiliary chemical 
reactions not observed in dry bone, but neither wet nor 
dry bone matrix exposed to doses above 5.0 megarads pro- 
duced any new bone. This reduction of bone yield is not at- 
tributable to rupture of cross-links, because the solubility 
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Fig 4.—Roentgenog-ams end ash weights of new bone (in milli- 
grams) per gram of pr2implanted chemically extracted matrix show- 
ing relatively high yield from insoluble bone gelatin even after 3.0 
megarads of cobalt 69 radiation. 


of bone collagen in either 0.5 sodium chloride or citrate 
buffer (pH. 3.6) does not increase until dosage levels ap- 
proach 10.1 megarads.’ Electron micrographs have re- 
vealed that the ezoss-banded structure of collagen be- 
eomes indistinct and its Abril diameter increases at levels 
greater than 2.0 megarads.’ These observations suggest 
that the reduction of bone yield by only 1.0 megarad may 
be related to radiolysis of noncollagenous protein struc- 
ture, and radiolysis by more than 3.5 megarads trans- 
forms bene collag2n into gelatin as surely as autoclave 
sterilization. 

Bone Baaks.—Os-rowski** reviewed the problems associ- 
ated with tissue bankirg and noted that the difference 
between the dosage of radiation required for sterility con- 
trol and that required for preservation of protein struc- 
ture and function was indeterminate. Czerniewski et al“ 
defined the optimum dose for sterilization as 3.3% + 20% 
but warnes that, while lewer doses do not ensure sterility, 
higher doses might prodace undesirable radiation damage. 
The fact that rad.ation may damage important biologic 
properties was reported in dogs as early as 1956. Never- 
theless, hundreds cf patients have received implants of ra- 
diation-sterilized bone, and successful results have been 
reported in 70% to 85% af the cases.”""" Statistically com- 
parable results, hewever, have been reported in patients 
with heatdenatured, oiled or autoclaved bone im- 
plants.***' Quantitative data presented herein reveal that 
radiation sterilization of wademineralized bone also dena- 
tures the underlying boae matrix at 2.0 megarads, a dose 
1.5 megarads less than that recommended by Christen- 
sen?’ for bacterioc.dal aad fungicidal purposes. Denatura- 
tion woulé account for the paucity of successful implants 
in situations requiring augmentation of the healing re- 
spense.**** ’ 
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Fig 5.—Top, Undemineralized freeze-dried radiation-sterilized 
bone showing development of chronic inflammatory tissue charac- 
teristic of delayed hypersensitivity response four weeks after im- 
plantation. Acellular bone implant, A, collection of round cells, retic- 
ulocytes, and giant cells, H. Center, Undemineralized freeze-dried 
aseptically prepared nonradiated bone implant (A) showing collec- 
tions of chronic inflammatory tissue (H) four weeks after implanta- 
tion exactly the same as that shown in Fig 5, top. Bottom, Freeze- 
dried radiation-sterilized whole bone (A) eight weeks after implanta- 
tion showing resorption cavities (R) and replacement of chronic in- 
flammatory tissue (H) with scar tissue (S). (All stained with hema- 
toxylin-eosin and azure || at x 150.) Arrows indicate surfaces of 
attachment of infiltrate of small round cells. 
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In close contact with osteogenetically active bone tis- 
sue in a young recipient, freeze-dried radiated bone can 
perform a strictly osteoconductive function. In normal 
healthy bone of rapidly growing individuals, osteocon- 
duction incorporates either a freeze-dried radiated or au- 
toclaved alloimplant almost as well as an autologous im- 
plant.**° The importance of contact with osteogenetically 
active bone is highlighted by those operations in which 
even fresh autologous bone grafts fail in children with 
congenital pseudarthrosis, and in adults with sclerotic, 
dead recipient beds. 

Delayed Hypersensitivity Reactions.—Whereas living 
bone allografts synthesize and continuously elaborate an- 
tigenic cell products that induce cell-borne histoincom- 
patibility reactions and, to some extent, produce circulat- 
ing antibodies, nonviable bone alloimplants (freeze-dried, 
radiated, or autoclaved) release limited but substantial 
quantities of antigen derived from enzymic degradation 
of dead cells. These degradation products are absorbed by 
the recipient, resulting in a delayed hypersensitivity 
response characterized by enclosure of the implant in 
chronic inflammatory cells. The quantity of released degra- 
dation products is proportional to the volume, particle 
size, and mass of the alloimplant. Present observations 
corroborate previous reports that freeze-dried allogeneic 
implants produce substantial morphologic evidence of a 
delayed hypersensitivity response,*-** and that the in- 
flammatory reaction is greater on surfaces of radiated 
than nonradiated bone. Nonviable unradiated freeze- 
dried bone produces lymph node hyperplasia and rejection 
of second set skin grafts only five to seven days later than 
viable allografts.*-®? Radiated bone may have lower anti- 
genicity, a feature implied by the results of lymph node 
histometry.* Nevertheless, the absence of a morphogenetic 
response from either radiated or autoclaved bone alloim- 
plants, when compared to the abundant response from 
demineralized freeze-dried implants and the predictable 
delayed response from unradiated undemineralized im- 
plants,’ justifies recent trends away from radiation 
sterilization of biomaterials. 

Resistance of Enzymes to Radiation Damage.—It has been 
contended that the persistence of enzymatic activity im- 
plies that dose levels of cobalt 60 gamma rays up to 4.0 
megarads do not damage bone.**** This contention is re- 
futed by the extensive biochemical observations reviewed 
by Okada® and by our own observations related to 
BMPase. Enzymes such as esterases and trypsin, in the 
dry state, retain biologic activity after exposure to doses 
as high as 26.6 megarads.®** BMPase is biologically active 
and, even after exposure to 5.0 megarads of cobalt 60 
gamma rays, it diminishes bone morphogenesis (Table 2). 
Thus, while radiation sterilization in sealed containers 
may be convenient for the purpose of storage, the ra- 
diated bone not only lacks the morphogenetic property of 
unradiated bone matrix but even transfers undesirable 
endogenous enzymes as well as antigenic by-product. Con- 
sequently, radiation-sterilized bone is hardly superior 
to autoclaved bone and should be replaced with chemo- 
sterilized preparations with biologic activity. 
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Conclusions 

The structure of the organic matrix of bone matrix 
institutes a morphogenetic response from migratory 
mesenchymal cells. Radiation sterilization of undeminer- 
alized bone denatures and destroys the matrix morpho- 
genetic property. Bone that is first demineralized in cold 
dilute hydrochloric acid and then divested of mineral and 
lipid by extraction in chloroform-methanol before expo- 
sure to cobalt 60 radiation, loses about half of the capacity 
to evoke a morphogenetic response. But insoluble bone 
gelatin radiated with the same dose of cobalt 60 loses only 
one third of its capacity to evoke the same response. Thus, 
the morphogenetic property is destroyed at a much lower 
dose of cobalt 60 in undemineralized than in the deminer- 
alized bone. Radiation damage to the organic matrix is 
heightened by energy released by excitation transfer 
from the apatite mineral, and converts the matrix colla- 
gen to gelatin. Radiolysis does not prevent the delayed hy- 
persensitivity response occurring at about three to four 
weeks after implantation of allogeneic bone. Neutral pro- 
teases that degrade the bone morphogenetic property are 
resistant to doses of cobalt 60 used for radiation ster- 
ilization and are preserved by freeze-drying. Radiation- 
sterilized bone is incorporated with about the same fre- 
quency as autoclaved bone and can be accounted for by 
passive resorption and replacement by the recipient bone. 
These observations may account for the unfavorable re- 
sults with freeze-dried and radiation-sterilized bone in 
mature, old patients as compared with young, rapidly 
growing patients. 
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Editorial Comment 


Although - surgical arthrodesis (particularly arthrodesis of 
joints) is becoming a distinctly less common procedure in orthope- 
dic surgery, there remain disease entities (notably pseudarthrosis 
of fractures and spine “‘instability’’) for which stabilization by ar- 
throdesis is indicated. Although many types and sources of allo- 
geneic and heterogenic bone grafts have been proposed in the past, 
these have largely proved unsucccessful and an autologous graft 
of the patient’s own bone remains the preferred and most success- 
ful source of obtaining solid arthrodesis. However, there are occa- 
sions in which an autologous graft is difficult to obtain (eg, in 
children and in patients who have had multiple, previous bone 
grafting procedures). It is in these cases that the search for a suit- 
able nonautologous source of bone graft material is important. 

A bone graft, wherever used, functions to (1) stimulate new 
bone formation and (2) provide some internal structural support 
or stability. The former is the most important; however, charac- 
terization of this osteogenic or “bone induction factor” has never 
been accomplished. It would seem that the value of this work lies 
in providing additional information toward the final realization of 
a readily available, abundant supply of sterile, immunologically 
nonantigenic, strongly osteogenic grafting material. Dr. Urist has 
discussed the mechanism whereby sterilizing radiation of unde- 
mineralized bone destroys the “morphogenic stimulating” prop- 
erty and has demonstrated that radiation of insoluble bone gelatin 
reduces this property by only 20%. However, even this reduction 
would seem to render a bone grafting material unsuitable for clin- 
ical use. We hope that the author and his colleagues continue their 
efforts in this clinically important, basic research. 

RICHARD N. STAUFFER, MD 
Rochester, Minn 
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Internal Carotid Artery Pressures : 


A Guide for Use of Shunt During Carotid Repair 


Richard K. Hughes, MD; Manuel Bustos, MD; James P. Byrne, Jr., MD 


A safe and reliable technique of measuring internal carotid artery 
back pressure is described. Pressures are measured directly through 
a Javid bypass shunt. Internal carotid artery back pressure reflects 
pressure in the ipsilateral cerebral circulation from collateral arterial 
flow. During 40 carotid endarterectomies, the pressures in 23, or 
58%, were below 50 mm Hg. On the basis of this experience we now 
proceed with the use of the shunt regardless of the back pressure in 
all instances where the anatomic setup is such that it can be used 
conveniently. We omit it only where the pressure is over 50 mm Hg 
and a narrowed internal carotid artery, or a long lesion, or other fac- 
tors make the shunt inconvenient. If the pressure is below 50 mm 
Hg and the shunt is inconvenient, it must still be used. 


ae of opinion exists regarding the use 
of temporary internal bypass shunts during carotid 
endarterectomy.’* Determination of the need for a shunt 
has been based on the level of consciousness during local 
anesthesia,’ results of electroencephalographic monitor- 
ing,’ volume and color of internal carotid backflow,‘ inter- 
nal jugular venous oxygen saturation,’ and common ca- 
rotid artery back pressure.*® We have used the latter 
method exclusively, but in a different manner than what 
has been described previously.‘ 

General anesthesia, direct arterial pressure monitoring, 
and mild hypercapnia are employed routinely. After dis- 
section of branches of the carotid system is performed, 
heparin sodium (3 mg/kg) is given intravenously. The ex- 
ternal carotid and superior thyroid artery are occluded 
with tourniquets. The common and internal carotid ar- 
teries are clamped high and low in the wound. The com- 
mon carotid artery is opened below the plaque and the in- 
cision is extended up into the internal carotid artery until 
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relatively normal intima and lumen size are encountered. 
The small end of a Javid shunt is passed up the internal 
carotid artery. Back bleeding eliminates air from the 
shunt. A flushed polyethylene tube, connected to a strain 
gauge and calibrated oscilloscope, is joined to the large 
end of the shunt. The Luer-Lock connector of this high- 
pressure monitoring line fits snugly in the large end of the 
Javid shunt. Internal carotid artery mean pressure is 
measured (Fig). The large end of the shunt is dis- 
connected from the monitoring line and passed into the 
common carotid artery where it is held in place by a Javid 
clamp. Endarterectomy is done. Protamine sulfate (4 mg/ 
kg) is administered intravenously after flow is restored. 
Carotid back pressure was measured during 40 endarter- 
ectomies in 38 patients. 


Comment 


There are several advantages to our method of pressure 
measurement over the use of a needle to puncture the 
common carotid artery, as described by Moore and Hall’ 
and Hays et al.* Cerebral ischemia time is reduced since a 
separate period of clamping the common carotid artery is 
not required. The chance of bleeding, hematoma forma- 
tion, or embolization is decreased. Pressures may be more 
accurate because of the larger lumen size of the shunt. The 
possibility of the needle tip becoming occluded with tissue 
or not remaining in the lumen during recording is elimi- 
nated. The average time required for carotid occlusion, in- 
sertion of shunt, pressure measurement, and establish- 
ment of flow through the shunt, if used, is less than three 
minutes. We have not experienced complications that 
could be attributed to this method of pressure measure- 
ment. 

Thompson and Austin’ prefer to use a shunt routinely. 
However, in patients with disease extending further dis- 
tally than usual, or in a very small internal carotid, a 
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Technique of measuring carotid back pressure. Small end of Javid 
shurt has been passec into internal carotid artery. Large end is con- 
mected to pressure line. Branches of carotid system, other than in- 
fernel carotid artery, are occluded. Pressure measured reflects pres- 
Sure in ipsilateral cerebral circulation. 
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shunt may impose a technical handicap. In these patients, 
we believe the technique described above is a safe and re- 
liable means of determining the need for a shunt. 

The literature contains conflicting evidence regarding 
the definition of a safe back pressure for performance of 
endarterectomy without a shunt.*:* Of the 40 pressures in 
our series, 23 (58%) were less than 50 mm Hg and eight 
(20%) were 25 mm Hg or less. Although we do not have 
evidence to support any particular pressure as being ideal, 
we now proceed with the use of the shunt regardless of the 
back pressure in all instances where the anatomic setup is 
such that it can be used conveniently. We omit it only 
where the pressure is over 50 mm Hg and a narrowed in- 
ternal carotid artery, or a long lesion, or other factors 
make the shunt inconvenient. If the pressure is below 50 
mm Hg and the shunt is inconvenient, it must still be 
used. 
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_ Mycotic Aneurysm of the Carotid Artery 








Anna M. Ledgerwood, MD, Charles E. Lucas, MD 


Three recent cases of “mycotic aneurysm” or aneurysmal abscess 
of the carotid artery are described. Two cases involved the common 
carotid artery and occurred in heroin addicts, while the third patient 
had involvement of the internal carotid artery following a gunshot 
wound. Fortunately, no neurological sequel occurred in these pa- 
tients following proximal ligation of the innominate, left common ca- 
rotid, and left internal carotid arteries. Aneurysmal abscess of the ca- 
rotid vessel should be suspected in any patient with an infected neck 
mass following heroin injection or penetrating trauma, and should 
be confirmed by arteriography. An early aggressive approach to 
treatment is recommended, including proximal arterial ligation with- 
out entering the infected hematoma. 


he incidence of “mycotic aneurysm” or aneurysmal 
abscess is increasing in direct relation to the acces- 
sibility of hand guns and hard drugs. Successful treat- 
ment of mycotic aneurysm in the groin with arterial liga- 
tion and reconstruction using an iliofemoral bypass graft 
through the uninvolved obturator foramen has been previ- 
ously reported.’ Recently, the emergency surgical service 
at Detroit General Hospital treated three patients with 
mycotic aneurysm or aneurysmal abscess involving the ca- 
rotid vessels. Unfortunately, these patients did not have 
an uninvolved anatomical plane through which a bypass 
graft could be placed at the time of proximal ligation. The 
lessons learned in the course of treatment of these three 
patients form the basis of this report. 


Report of Cases 


CASE 1.—A 52-year-old male heroin addict was admitted to De- 
troit General Hospital on Feb 16, 1971 with severe bleeding from a 
mass in the right side of the neck. He admitted to “mainlining” 
Tee A Eat RENEE Ca ee eee haere 
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heroin for many years, but had avoided injecting the groin vessels 
for fear of causing gangrene. A painful swelling developed in the 
right side of his neck three weeks prior to admission, which he at- 
tributed to an inadvertent arterial puncture. His personal physi- 
cian prescribed penicillin for an “infection,” but the mass grew 
and, three days prior to his admission, the patient repeatedly 
punctured the center of the mass “to drain the infeetion.” 

Physical examination revealed a temperature of 37.8 C (100 F); 
his blood pressure was 150/100 mm Hg. Bright red blood spurted 
from a 1-cm opening in the center of an & by 10-cm tender, pul- 
satile, right supraclavicular mass. The bleeding was controlled by 
digital pressure. Chest roentgenograms showed a large, soft-tis- 
sue density in the right side of the neck, extending into the tho- 
racic inlet and displacing the trachea to the left. An emergency 
transfemoral aortic arch study revealed deviation of the aortic 
arch to the left, with poor filling of the innominate, right carotid, 
and subclavian arteries, all of which appeared circumferentially 
compressed by the cervical and mediastinal mass. 

Since no aneurysmal dilation or extravasation was apparent 
and external bleeding had temporarily abated, a nonoperative 
regimen was initiated. Recurrent, bright red pulsatile bleeding, 
ten hours later, necessitated operative intervention. A median 
sternotomy was done with the plan of ligating the right common 
carotid artery proximal to the infected pseudoaneurysm and in- 
serting a saphenous vein bypass graft. The superior and anterior 
mediastinal tissues, however, were markedly inflamed and the 
pseudoaneurysm extended to within 1 cm of the origin of the in- 
nominate artery. The second incision along the anterior border of 
the right sternocleidomastoid muscle showed extensive lymphe- 
dema and cellulitis throughout the neck, precluding safe place- 
ment of a bypass graft. The innominate artery was, therefore, li- 
gated at its origin and the pulsations in the neck mass ceased. The 
median sternotomy was closed, and the neck incision left to heal 
by second intent. 

Postoperatively, the patient was alert and able to move all ex- 
tremities. He remained febrile and required ventilatory support 
during the next four days. Staphylococcus aureus resistant to 
penicillin grew from blood and wound cultures. The cellulitis sub- 
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sided and the neck mass decreased in size over the next three 


weeks, althouzh there was a persistent serosanguineous drainage | 


“vom the puneture site. A secord aortic arch study, prior to dis- 
«barge on the 45th day, showed retrograde filling of the right ca- 
potid, vertebral, and subclavian arteries. 

Three weeks later, profuse bleeding occurred from the puncture 
site and he wes readmitted. There was erythema over the mass on 
the right side of the neck, waich was again pulsatile but did not 
transmit a brait. On reexploration of the neck, the distal part of 
the right common carotid artery had weak pulsations. The abscess 
&vity was inadvertently entered, and active bleeding occurred. 
This bleeding persisted after igetion of the distal part of the com- 
mon carotid a-tery anc the subelavian artery, and required a sec- 
amd median swrnotomy with religation of the innominate artery 
amd its-collate~als. A large amount of necrotic material was evac- 
uated from the abscess cavity; Staphylococcus aureus resistant to 
penicillin agam grew from the cultures. The postoperative course 
was uneventf il, and he was diseharged four weeks later to con- 
tmue wound ‘rrigations at home. Two subsequent admissions 
were required for drairage of a suprasternal abscess and removal 
«= necrotic granulation tissue from the abscess cavity. The patient 
continues to have intermittent drainage from a sinus tract, but 
ks returned tə his previous employment and is cured of his heroin 
acidictien. 

CASE 2.—A -9-year-old male heroin addict was admitted to De- 
treit General Hospital on April 5, 1972, with chills, fever, and a 
peinful, enlarging mass in the left side of the neck. Three days 
previously, a small amount of blood was “drained” from the mass 
aanether hossital. He admitted to “mainlining” heroin for many 
years and we suspected self-inflicted arterial puncture in both 
sities of the neck on previous occasions. 

Physical examination revealed a temperature of 39.4 C (103 F), 
multiple needle puncture sites on all four extremities, and a6 x $- 
cm left supraclavicular mass with a 0.5-em central puncture 
wound, which occasionally oozed bright red blood. The mass was 
tender, inflamed, and transm*tted both a thrill and a bruit. The 
imitial chest roentgenogram revealed marked shift of the trachea 
te the-right and a large left superior mediastinal mass. An aortic 
ach study revealed circumferential narrowing of the left common 
cavotid artery seginning immediately after its origin and extend- 
ime tothe bifurcation. He was treated with broad-spectrum anti- 
bmties ever the next 72 hours, by which time the cellulitis had 
markedly decreased. Three evisodes of hemoptysis of approxi- 
mately 100 ml occurred during this period. Bronchoscopy under 
general anesthesia revealed deviation of the trachea to the right, 
wth pulsation of the posterior well and a small area of ulceration 
of the tracheal mucosa. A median sternotomy was performed and 
the left common carotid artery ligated at its origin; the pulsations 
stepped immeaiately and the vital signs remained normal. The 
mass was not entered or dissected; an adjacent lymph node was 
removed for culture and Pseudomonas later grew from it. 

Postoperativ ly, the patient remained febrile, required ventila- 
tery support fœ three days, and continued on a regimen of anti- 
bistics. He had mo neurclogical deficit and no further hemoptysis. 
One week laterhe was taken back to the operating room and the 
lest common ca-otid artery was ligated distal to the mass. A cath- 
eter wassnserted through the eroded puncture site in the neck and 
aporoximately 1 liter of infected blood clots was evacuated. 
Pszudomonas grew from the cultures from this cavity. The cavity 
de=reased in siz with daily irrigations containing gentamicin sul- 
fae over the mxt six days, a: which time the catheter was re- 
meved and the wound healed. A second bronchoscopy at three 
weeks showed persistent swelling of the posterior wall of the 
trachea, but nc ulceration or pulsation. He progressed satisfac- 
tomy and was discharged four weeks after admission with no 
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neurological deficit. 

CASE 3.—A 28-year-old man was admitted on J uly 21, 1972, with 
a gunshot wound entering the base of the skull 0.5 cm to the left of 
the midline with no exit. A bullet could be felt intraorally beneath 
the left buccal mucosa and a large hematoma extended along the 
left portion of the pharynx, the floor of the mouth, the base of the 
tongue, and the left cheek. There was no neurological deficit and 
vital signs were stable. Roentgenograms revealed a fracture of 
the coronoid process of the left mandible and retropharyngeal 
soft-tissue swelling. Shortly after admission, a tracheostomy was 
done for partial airway obstruction, and he was placed on a regi- 
men of antibiotics. The tracheostomy tube was removed on the 
fifth day, after most of the swelling had subsided, and oral intake 
was satisfactory. The bullet was removed from beneath the buccal 
mucosa by the intraoral route on the sixth day. 

The patient progressed satisfactorily until the 12th hospital 
day, when he complained of a buzzing sensation in the left ear as- 
sociated with pain and recurrent swelling of the left cheek and 
face. The mass was pulsatile with surrounding cellulitis, and 
transmitted both a thrill and a bruit. A left common carotid arte- 
riogram showed an intact external carotid artery, but only proxi- 
mal visualization of the first 3 cm of the internal carotid. No ex- 
travasation of dye was seen, but the contrast material stopped at 
the base of the skull at the level of the bullet track. 

Exploration of the left side of the neck revealed lymphedema 
and inflammatory reaction along the carotid sheath. Temporary 
occlusion of the common or internal carotid artery obliterated pul- 
sation in the neck mass, whereas occlusion of the external carotid 
artery elicited no change. The internal carotid artery was ligated 
at its origin, and the wound closed. Postoperatively, he developed 
no signs of cerebral ischemia, the pain and buzzing subsided im- 
mediately, and the swelling gradually disappeared over the next 
few days. A superficial wound infection responded to incision and 
drainage. A second aortogram one month following injury con- 
firmed ligation of the left internal carotid artery, and there was 
no extravasation or retrograde filling of the left internal carotid 
on delayed x-ray films. 


Comment 


All three patients were admitted with a diffuse pulsat- 
ing mass of infected hematoma. Arterial injury with ex- 
travasation of blood nurtured the growth of the bacteria 
introduced by contaminated needles in both heroin addicts 
and by the transoral removal of the bullet in the third pa- 
tient. The short interval between arterial injury with for- 
mation of a pseudoaneurysm and the development of ful- 
minating infection probably accounts for the absence of a 
well-organized capsule. Aneurysmal abscess must be sus- 
pected in any patient, particularly a heroin user, who has 
a painful mass and surrounding cellulitis. Misdiagnosis of 
a simple abscess delayed definitive treatment in both her- 
oin addicts in whom the lateral pulsatile nature of the le- 
sion was not initially appreciated. Once suspected, arteri- 
ography is essential in defining the extent of the infected 
aneurysm, localizing the adequacy of collateral dow, and 
providing a basis for determining the amount of flow 
through the involved artery, which may be circumferen- 
tially compressed or completely occluded. After arteriog- 
raphy, the most urgent operative objective is to obtain 
proximal control of the involved artery in order te contain 
external bleeding, abate rapid aneurysmal expansion, and 
prevent internal rupture causing airway obstruction from 
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either compression or aspiration. Proximal ligation 
uniformly stops pulsation and external bleeding and 
should be achieved without entering the abscess. This 
avoids both sudden exsanguinating hemorrhage and dis- 
semination of infection, which may cause further necrosis 
of the vessel at the site of ligation with delayed hemor- 
rhage.’ The severe cellulitis surrounding the unentered 
pseudoaneurysm subsides with intensive broad-spectrum 
antibiotic therapy over a period of seven to 14 days; distal 
ligation of the involved artery and all feeding collaterals 
should then be performed. The infected hematoma can be 
safely evacuated after distal ligation and the remaining 
abscess cavity irrigated daily with antibiotic solution until 
it gradually closes. Delay in performing distal ligation 
and evacuation of hematoma in the first patient resulted 
in recurrent profuse bleeding, persistent infection, and 
delay in wound healing. 

Reestablishment of blood flow in such critical arteries as 
the carotid theoretically seems essential and was actually 
contemplated in the first patient. Vascular reconstruction, 
however, will almost always be prevented by the absence 
of an uninvolved tissue plane, due to the extent of soft-tis- 
sue infection. Furthermore, most heroin addicts have 
thrombosed saphenous veins so that a prosthetic graft 
would be required, thus increasing the likelihood of 


- anastomotic sepsis. 


This investigation was supported by the Detroit General Hospital Re- 
search Corporation. 
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Nonproprietary Name and 
Trademark of Drug 


Gentamicin sulfate—Garamycin. 
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Editorial Comment 


Despite the successes the authors report, I am sure that neuro- 
logic sequels will ensue in a certain number of patients with liga- 
tion of the carotid vessels. Against these, the reader should be 
cautioned. I can offer no alternative, however, except in those im- 
stances when it might be possible to apply a gradually occluding 
neurosurgical clamp proximally. It is important that the authors 
have emphasized distal as well as proximal ligation when possible. 
Without distal ligation, secondary hemorrhage will frequently 
occur, 

The observation, in case 1, of “retrograde filling of the right 


carotid, vertebral, and subclavian arteries” suggests, if true, a 


massive steal syndrome. This would be another argument for dis- 
tal ligation. The cases represent examples of a difficult problem 


successfully handled. 
GARDNER W. SMITH, MD 
Baltimore 


Mycotic Aneurysm of Carotid Artery/Ledgerwood & Lucas 
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Indications: Santy! Ointment is indicated for debrid- 
ing dermal ulcers and severely burned areas. In other 
types of necrotic skin lesions reports on the use of 
Santyl Ointment have been limited to clinical observa- 
tions without controls. 


Contraindications: Application is contraindicated in 
patients who have shown local or systemic hypersen- 
Sitivity to Collagenase. 


Precautions: The enzyme's optimal pH range is 7 to 
8. Lower pH conditions have a definite adverse effect 
on the enzyme’s activity, and appropriate precautions 
should be taken. 


The enzymatic activity is also adversely affected by 
detergents and hexachlorophene and heavy metal iens 
Such as mercury and silver which are used in some 
antiseptics. When it is suspected such materials have 
been used, the site should be carefully cleansed by 
repeated washings with normal saline before Santyl 
Ointment is applied. Soaks containing metal ions or 
acidic solutions such as Burow's solution should be 
avoided because of the metal ion and low pH. Cleans- 
ing materials such as hydrogen peroxide or Dakin's 





solution do not interfere with the activity of the enzyme. 


Debilitated patients should be closely monitored for 
Systemic bacterial infections because of the thecreti- 
cal possibility that debriding enzymes may increase 
the risk of bacteremia. 


The ointment should be confined to the area of the 
lesion in order to avoid the risk of irritation Or macer- 
ation of normal skin. 


A slight erythema has been noted occasionally im the 
Surrounding tissue particularly when the enzyme oint- 
ment was not confined to the lesion. This can be read- 
ily controlled by protecting the healthy skin with a 
material such as Lassar's paste. 


Since the enzyme is a protein, sensitization may de- 
velop with prolonged use although none has been 
observed to date. . 


Adverse Reactions: Adverse reactions to Collagenase 
have not been noted when used as directed. 


Dosage & Administration: Santy! Ointment should be 
applied once daily (or once every other day im the 
case of outpatients) in the following manner. 


(1) Prior to application the lesions should be gently 
cleansed with a gauze pad saturated in normal Saline, 
buffer (pH 7.0-7.5) or hydrogen peroxide to remove 
any film and digested material. 


(2) Whenever infection is present, as evidenced by 
positive cultures, pus, inflammation or odor, it is de- 
sirable to use an appropriate topical antibacterial agent. 
Neomycin-Bacitracin-Polymyxin B (Neosporin) has 
been found compatible with Santy!l Ointment. This 
antibiotic should be applied to the lesion in powder 
form or solution prior to the application of Santyl 
Ointment. Should the infection not respond, therapy 
with Santy! Ointment should be discontinued until 
remission of the infection. 


(3) Santyl Ointment should be applied (using a wooden 
tongue depressor or spatula) directly to deep wounds, 
or, when dealing with shallow wounds, to a sterile 
gauze pad which is then applied to wound. The wound 
is covered with sterile gauze pad and secured with 
Clear tape or Kling bandage. 


(4) Crosshatching thick eschar with a #11 blade is 
helpful. It is also desirable to remove as much !oos- 
ened detritus as can be done readily with forceps and 
scissors. 


(5) All excess ointment should be removed each time 
dressing is changed. 


(6) Use of the ointment should be terminated when 
sufficient debridement of necrotic tissue has taken 
place. 


Overdose: Action of the enzyme may be stapped, 
should this be desired, by the application of Burow's 
solution U.S.P. (pH 3.6-4.4) to the lesion. 


How Supplied: Santy| Ointment contains 250 units of 
Collagenase enzyme per gram of white petrolatum 
U.S.P. The potency assay of Collagenase is based on 
the digestion of undenatured collagen (from bovine 
Achilles tendon) at pH 7.2 and 37° C. for 24 hours. 
The number of peptides cleaved are measured by 
reaction with ninhydrin. Peptides released by a tryp- 
sin digestion control are subtracted. One net Collage- 
nase unit will solubilize ninhydrin reactive material 
equivalent to 4 micromoles of Leucine. 


Knoll Pharmaceutical Company 
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vulnerable 











A.R. 79 years olc M.F. 52 years old M.J. 56 years old 


Cerebral arteriosclerosis, Spinocerebellar multiple sclerosis, 
cerebral thrombosis with degeneration, paraplegia, contractures of lower 
residual right hemiplegia, epilepsy extremities 
vascular insufficiency of 
both legs 

(A) (B) (C) 


e digests native collagen, a 
substance ordinarily resistant 
to all common enzymes used in 
wound debridement 

e dissolves denatured collagen, 
the main constituent of dense 
eschar and necrotic debris 

e dissolves collagenous strands 
that anchor debris to the wound 
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Seventeen of 21 nursing-home patients recently treated 
wth SANTYL also experienced very favorable results* 
The investigator concluded: 


SANTYL® Ointment “...is an effective and safe debriding 


® 
agent which prompt'y attacks necrotic matter and fibers 


of undenatured collegen, paving the way for granulation, ointment 


erithelization and healing’* ARSU 10 Col lagenase 
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Adynamic Ileus 
of the Colon 


An Indication for Cecostomy 


James T. Adams, MD 


Twenty patients were seen with adynamic ileus of the colon, a con- 
dition characterized by massive gaseous distention of the large intes- 
tine in the absence of organic bewel obstruction. All except one pa- 
tieat had-an associated major system disorder or operation that did 
not directly involve the gastrointestinal tract. Prominent abdominal 
distention was the prevailing clinical feature, and most patients also 
hae signs and symptoms suggestive of mechanical obstruction of 
the large intestine. Diagncsis was generally made on the basis of the 
plain roentgenogram of the abdamen showing a marked and charac- 
teristically segmental diletion of the colon with a barium enema 
showing no obstructing lesion. There were three in-hospital deaths 
among the six patients managed nonoperatively, and three postoper- 
atiwe deaths among the 14 patients treated with a cecostomy. The 
one patient who developed a cecal perforation recovered following 
operation. Cecostomy is indicated when there is ‘Den to improve 
within Z2 hours or a cecal diameter greater than 1 cm. 


ecostomy at one time was a well-accepted operation.’ 

It was used frequently as a decompression procedure 

for acute obstruction of the large intestine and often as a 
prophylactic vent following segmental resection of the de- 
scending colon. On occasion 1t was also used for the treat- 
ment of perforated ceeum, cecal volvulus, and toxic dila- 
tion of the eolon associated with ulcerative colitis. 
However, in recent years the operation has become less 
frequentiy applied and, on occasion, even severely crit- 
icized. Most surgeons now believe that decompression of 
the colon by cecostomy is inadequate for acute obstruction 
by tumer or indammatory disease and, with a better un- 
derstanding of preoperative preparation of the bowel, ce- 
costomy as a safety valve following colon resection is also 
now seldem thought to be indicated. In fact, it is not un- 
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usual to hear some surgeons state categorically that cur- 
rently there is no indication for cecostomy. 

However, there exists one disorder for which cecostomy 
remains curative and, perhaps, lifesaving. This entity, 
variously referred to as ileus of the colon,’ pseudo-obstruc- 
tion of the colon, and Ogilvie syndrome,’ is a condition in 
which the large intestine selectively becomes greatly dis- 
tended with gas in the absence of organic obstruction. 
Without early recognition and aggressive treatment, the 
dilated colon can perforate, leading to fatal peritonitis. 
Although the disorder occurs infrequently, it is not rare. 
Yet few reports have appeared in the literature since it 
was first described by Ogilvie in 1948.° 


Clinical Series 


Over a 12-year interval, 1961 to 1973, there were 20 patients 
seen at Strong Memorial Hospital who satisfied the diagnostic cri- 
teria for adynamic ileus of the colon. In all of the patients, me- 
chanical obstruction of the large intestine was excluded either by 
barium enema, laparotomy, necropsy, or after successful con- 
servative treatment and negative follow-up barium enema. Four- 
teen patients were men and six were women. Their ages ranged 
from 41 to 95 years, with a mean age of 62 years. 

With one exception, all of the patients had a preceding major 
condition or system derangement that promoted their admission to 
the hospital. This varied, but in every case it involved an extrain- 
testinal organ system. Six patients had undergone recent surgery, 
all under general anesthesia. Included were two patients who had 
fixation of a fractured hip, two a cesarean section, one a femoral 
to popliteal artery bypass graft, and one a right pelvilithotomy. 
Three patients had sustained recent trauma, two a fractured hip 
treated with traction, and one a pelvic fracture. Four patients had 
major infections; in two it involved the urinary tract, while the 
other two had bacterial pneumonia. Three patients were admitted 
following an acute myocardial infarction complicated by hypoten- 
sion and congestive failure. Of the remaining patients, one had 
suffered a pulmonary embolism 17 days after successful decor- 
tication of the lung, one had acute alcoholic pancreatitis, and one 
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Fig 1.—Prominent gaseous distention of cecum and ascending co- 
lon with abrupt narrowing of air column at hepatic flexure. Although 
roentgenogram is suggestive of cecal volvulus, this was ruled out 
with barium enema. 


Fig 3.—Gaseous distention of entire large intestine with cutoff of 
air column at junction of sigmoid colon and rectum. No air is seen 
in rectum. 
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Fig 2.—Prominent gaseous distention of ascending and trans- 
verse colon with abrupt narrowing of air column at splenic flexure. 
Although roentgenogram is suggestive of obstructing lesion at 
splenic flexure, no lesion was demonstrated on barium enema (Fig 
4). 


Fig 4.—Barium enema on patient in Fig 2 showing free flow of 
barium through descending colon of normal caliber into markedly 
dilated transverse colon. No obstructing lesion present. 





Adynamic Ileus of the Colon/Adams 


patient had caronic alcoholism with Wernicke encephalopathy. 


The cme patient who had no assoeiated condition or disease devel- | 


eed progressive abdominal diszention and constipation over a 
tareeaday period. 

The mest striking clinical seature was the presence of promi- 
ment abdaminal cistention in all 20 patients. This began one to ten 
cays follewing the occurrense of the associated condition for 
which they were hospitalized with an average interval of three 
cays. Generally the distention developed progressively over a pe- 
rod ef one or two days, but n some patients it became massive 
within a few hours. Most patients had symptoms and signs gener- 
ally associated with mechan@al intestinal obstruction, although 
tree patients had no abdomma. complaints whatever. Constipa- 
ten (nine patients) and nausea (ten patients) with anorexia were 
&irly common complaints, bat vomiting (five patients) was un- 
usual Abdomina. pain {11 patents) was also a frequent complaint 
amd was generally described as cramping and diffusely dis- 
tributed. Interestingly. there was a substantial number (eight) of 
patients who were passing fatus and having diarrheal stools 
(Seven patients) in spite of progressive abdominal distention. 
Mine of the patients hed audible bowel sounds, often high pitched 
and obstructive in quality. Imspite of the massive distention, the 
abdomen was usually soft anc tenderness was elicited in only two 
patients, one of whom was fornd to have a cecal perforation at op- 
eration. Most patients had moderate leukocytosis in the 12,000 to 
5,008/cu mm range. Fever and a prominent white blood cell ele- 
vation were unusual, except im patients with an associated infec- 
tion. Serum electrolyte values, including the blood urea nitrogen 
value, were generally within normal limits. The gastric aspirate 
was usualy sma.l in velume and clear or only lightly bile-stained 
rather than the dark green orbrown fluid indicative of lower small 
mtestina! juice, and in no instance did the aspirate have a feculent 
edor. 

Plain roentgenograms of the abdomen taken in the flat and up- 
might positions were availabe for review on all patients. These 
showed dilated loops o? both small and large intestine with a dis- 
propertionately greater dilation of the large intestine. The dila- 
tion was mainly due tc air, with very little fluid visualized within 
the bowe lumen In al of the patients, gas was present through- 
sut the entire large imtestins; however, the maximal distention 
was invariably segmental with an apparent abrupt “cutoff” be- 
tween the more severe y distended proximal part of the colon and 
the less distended distal part of the colon. The location of this 
gaseeus cutoff was at the hepatic flexure in four patients (Fig 1), 
the splenic flexure in ten patents (Fig 2), and at the junction of 
the sigmoid colon and rectumin six patients (Fig 3). As expected, 
the most prominent distention was of the cecum, which measured 
between 10 and 22 cm in diameter. In patients who had a diagnos- 
ñe barium enema prior to recovery from their colon ileus, the bar- 
mam column typically showed 2 gradual widening as it flowed 
Seely through the cutcff poinz into the dilated portion of the prox- 
ral part of the colon (Fig 4. 

‘The results of treatment are ‘isted in the Table. All of the pa- 
Gients were initially treated with nasogastric tube suction, intra- 
venous fluid mamtenance, and the occasional use of rectal tubes 
and enemas. On continuatior of this management, four patients 
necoverec from their celon ileas zen to 18 days after onset of their 
abdominal distention. One of these patients, an 83-year-old man 
who mitially had operative fixation of a hip fracture, subsequently 
eeveloped pneumonia and diel on the 21st day. Two patients died 
curing the course of conservative treatment before recovery of 
Bowel function. In one, a 5&year-old patient admitted with an 
aeute myocardia. infarction, ceazh was due to a proved pulmonary 
embolus eccurring on the 13ta day and in the other, a 67-year-old 
man admitted with acute pancreatitis, to a suspected pulmonary 
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embolus occurring on the 15th day. 

A cecostomy was performed on 14 patients. The interval from 
the development of abdominal distention until operation varied 
between one and 11 days, with 12 patients operated on within four 
days. The operation was performed under local anesthesia in nine 
patients, general anesthesia in four, and epidural bleck in one. 
Twelve of the patients recovered from their colon ileus and, in 
each, the abdominal distention disappeared rapidly after oper- 
ation with most patients taking oral feedings and having normal 
bowel function within five days after cecostomy. One patient had 
a perforated cecum noted at operation nine days after onset of ab- 
dominal distention. The cecostomy tube was inserted through the 
small perforation and, although his postoperative course was 
stormy, he eventually recovered. There were three in-hospital 
postoperative deaths. A 95-year-old woman who underwent ex- 
ploratory surgery under general anesthesia removed her naso- 
gastric tube on the second postoperative day and shortly there- 
after vomited and aspirated. A second patient, age 60, who also 
underwent exploratory surgery under general anesthesia, devel- 
oped a dehiscence of his midline wound on the sixth postoperative 
day. Before the wound could be secondarily closed, he died sud- 
denly and at necropsy a pulmonary embolus was found occluding 
the left main stem pulmonary artery. The third postoperative 
death was an 84-year-old man admitted with a cerebral vascular 
accident and pneumonia. Following cecostomy under local anes- 
thesia, his ileus rapidly resolved and he began having normal 
bowel function. However, his pneumonia was refractory to treat- 
ment and he died on the ninth postoperative day. 


Comment 


The fundamental cause of adynamic ileus localized to 
the large intestine is not known. Ogilvie,’ who first de- 
scribed the condition, believed that the ileus was second- 
ary to interference with the sympathetic nerve supply to 
the colon. Others** concluded that it was secondary to an 
imbalance between the sympathetic and parasympathetic 
innervation to the colon. It has been theorized that, as a 
result of this imbalance, there is a loss of coordinated ac- 
tivity between the proximal and distal parts of the colon 
with a subsequent depression of the peristaltic activity 
necessary to evacuate the large intestine.’ However it is 
unclear as to exactly why the imbalance develops and why 
it so often results in segmental dilation of the colon itself. 
Of probable etiologic significance, most patients have a 
major system derangement, other than one directly in- 
volving the intestinal tract, that precedes the develop- 
ment of colon distention. In the group of patients pre- 
sented, this included such varied eonditions as extra- 


abdominal trauma, respiratory and urinary infections, — 


cardiac disease, acute and chronic alcoholism, pancreatitis, 
and the postoperative state, the last particularly after or- 
thopedic or pelvic surgery. Others have described the de- 
velopment of colon ileus in patients with sepsis, shock, 
lead intoxication, renal failure, and electrolyte imbal- 
ance.** These same conditions have been associated with 
adynamic ileus involving equally the small and large in- 
testine in which autonomic nerve dysfunction also has 
been etiologically implicated.’ 

The clinical features of adynamic ileus of the colon as 
exemplified in the present series are similar to those asso- 
ciated with mechanical obstruction of the large intestine. 
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The patients are often elderly. There is no sex predilec- 
tion, although in our series men outnumbered women two 
to one. The predominant initial symptom is abdominal dis- 
tention, usually progressive over a two-to three-day pe- 
riod. Occasionally, massive distention develops rapidly 
within 24 hours. Anorexia, nausea, and, occasionally, vom- 
iting occur. Frequently, the patient will be passing flatus 
and having diarrheal stools at the same time the abdomi- 
nal distention is progressing. Although the disteritién is 
massive, the abdomen is usually soft, nontender, and 
without peritoneal inflammatory signs. Bowel sounds are 
often present and, at times, high-pitched and with rushes. 
The gastric aspirate is characteristically small in volume 
and generally consists of clear gastric juice or yellow bile 
and not the dark fluid typical of small intestinal contents. 
Laboratory findings may indicate hemoconcentration as a 
consequence of fluid loss, but in most instances there is no 
electrolyte imbalance. There may be mild leukocytosis and 
low-grade fever even in the absence of infection. 

The most useful diagnostic measure is the plain roent- 
genogram of the abdomen. This shows a dilated, gas-filled 
colon that is distended out of proportion to any associated 
small bowel distention. Usually, the colon dilation itself is 
segmental with prominent distention of the proximal part 
of the colon and an apparent abrupt cutoff in the gas pat- 
tern at either the hepatic, splenic, or sigmoid flexures. 
While this may suggest an obstructing lesion, usually 
there is also some gas present in the colon distal ‘to the 
cutoff point. Unlike the roentgenographic picture of colon 
distention due to organic obstruction, there is often little 
fluid in the bowel lumen, the bowel wall is thin, and haus- 
tral markings are present.’ 

The differential diagnosis includes mechanical obstruc- 
tion of the descending colon, volvulus of the cecum, and oc- 
clusive mesenteric vascular disease. A ‘barium enema 
should be done if the plain abdominal x-ray films are 
equivocal. With ileus of the colon, the barium flows readily 
through a dista] part of the colon of normal or slightly in- 
creased caliber into the dilated proximal part of the bowel 
without demonstrable organic obstruction. The study 
should be terminated as soon as the barium reaches the di- 
lated bowel Because of the possible risk of increasing the 
pressure in the ascending colon and thus inducing cecal 
perforation. .ų i ; 

In an uncomplicated case, the plan of management in 
the first itistånce should be nonoperative with restoration 
of any existing fluid or electrolyte imbalance, main- 
tenance of nutrition with parenteral fluids, and contin- 
uous gastric aspiration via a nasogastric tube to prevent 
air from entering the intestine. A rectal tube may occa- 
sionally be helpful and should be utilized. It is essential 
that any associated or underlying disease such as cardiac 
failure, infection, shock, or traumatic injury also be 
treated. In the past, spinal anesthesia or paravertebral 
sympathetic block has been advocated to hasten the reso- 
lution of the ileus, but these techniques have not proved to 
be effective.” If continued nonoperative therapy is elected, 
serial roentgenograms of the abdomen should be obtained 
at 12- to 24-hour intervals and attention given not only to 
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the absolute cecal size but also to the rapidity of any dis- 
tention. 

Conservative management should not be unnecessarily 
prolonged since it is not without its undesirable effects. 
These patients do not tolerate extended pericds of nase- 
gastric suctioning, and the prolonged maintenance of nu- 
trition and electrolyte balance can be difficult. Their se- 
vere abdominal distention may interfere with 
diaphragmatic excursions, a critical factor in some very 
sick patients, and the lengthened period of restricted ae- 
tivity can lead to the development of thromboembolic 
complications. Although four of our six patients managed 
conservatively resolved their colon ileus, one developed 
pneumonia and subsequently died. The other two patients 
suffered a fatal pulmonary embolus before return of bowel 
function. All of these patients had been treated at least 
ten days, and it is probable that the extended period of 
immobility was a contributing causal factor in those pa- 
tients who died. 

Another argument against adopting a lengthy course of 
conservative treatment is the possibility that the dilated 
large intestine, usually the cecum, will perforate as a re- 
sult of prolonged and severe distention. Lowman and 
Davis’ emphasized the danger of impending cezal necrosis 
when the cecal diameter becomes greater than 9 em. Cecal 
perforation occurred in one of our patients nine days after 
onset of abdominal distention, at which time the develop- 
ment of lower abdominal tenderness and spasm prompted 
operation. Although most surgeons recognize that cecal 
perforation is a potential complication of an obstructing 
colon lesion, this problem is not generally appreciated in 
patients suffering adynamic ileus of the bowel. Wojtalik 
and associates” reported on a collected series of 16 pa- 
tients with adynamic ileus of the colon complicated by 
perforation with an overall mortality of 46%. According to 
them, the high mortality attending perforation of the co- 
lon in these patients is in part due to the severity of their 
associated diseases but in greater measure is often the re- 
sult of delay in operative intervention. Although the con- 
dition is reversible without surgery in some patients, 
these patients cannot always be selected from those who 
will go on to colonic perforation. Prior to perforation there 
may be no pain or tenderness even when the colon dis- 
tention is severe, thus giving a false sense of security. The 
clinical course is also deceptive because, in spite of pro- 
gressive abdominal distention, frequently the patient is 
passing flatus and stool and the failure to demonstrate an 
obstructing lesion in the colon when a barium enema is 
performed adds to the deception. 

Although at first it might seem wise to avoid operation 
on some of these apparently poor-risk patients, the risk of 
operation is perhaps not as great as might be supposed. 
The procedure of choice is tube cecostomy, preferably un- 
der local anesthesia. It is a safe, expedient, and curative 
operation that is tolerated even by critically ill patients. 
Of our 14 patients treated with cecostomy, 12 recovered 
fully from their colon ileus and 11 of them ultimately left 
the hospital. Their response was usually dramatically 
rapid, with most patients eating and having normal bowel 
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Adynamée lleus of Calon: Treatment and Results 
Results 











No. of Colon In-Hospital 
Method Patiznts Recovery Perforation Deaths* 
Operative 14 12 1 3 


* One late deatn in each group after recovery from colon ileus. 


fanction within five days after operation. General anes- 
tħesia should be avo-ded if at all possible. Both of our pa- 
tents who ciel prior to recovery of colon function had 
received a general anesthetic, and this undoubtedly con- 
tributed to their demise. One developed acute gastric dila- 
ton after self-emoval of her nasogastric tube following 
which she vomited and aspirated. The other patient had a 
prolonged generalized ileus postoperatively, developed a 
dehiscence of his woand, and then suffered a fatal pulmo- 
mary embolus. 

Based on our experience with this disorder, the follow- 
ing are suggested as indications for operative interven- 
ton with cecoscomy: (1) cecal diameter of 12 cm or more; 
(2) development of ~ight lower abdominal tenderness or 
spasm accompanied by reentgenographic evidence of a 
distended cecum; and (3) failure to significantly improve 
together with poentgenographic evidence of a decrease in 
eolon size within 72 hours after instituting conservative 
treatment. Ideally cecostomy should be carried out before 
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perforation occurs. If the cecum has already perforated, as 
evidenced by the finding of fecal soilage of the peri- 
toneum, tube cecostomy through the site of perforation is 
still the treatment of choice if the rent is small. When 
faced with an extensive area of necrosis or a large perfo- 
ration, bowel resection with primary anastomosis should 
be carried out in the good-risk patient or the perforated 
segment exteriorized if the patient’s condition is critical. 
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Pulmonary Contusion 


Clinical Experience 
Rudolf Roscher, MD; Reinhard Bittner, MD; Ulf Stockmann, MD 


Sixty-two cases of pulmonary contusion (PC) were treated in 31⁄2 
years. Of the last 37 patients, routinely treated with positive pres- 
sure ventilation (PPV), seven died, whereas of the first 25, in whom 
PPV was not routinely used from the outset, 12 died. The two 
groups were comparable in age, degree of trauma, and injuries to 
other body areas. The treatment is strongly recommended as a rou- 
tine, particularly since the symptoms are insidious and the method is 
far less effective if delayed until symptoms become obvious. 


Porr contusions (PC) have primary importance 
in the field of major blunt chest trauma. After seem- 
ingly negligible initial signs and symptoms, a lethal out- 
come very often follows.'* The lack of supporting cells in 
and around the alveoli, the low-pressure perfusion system, 
and the very delicate balance between osmotic and capil- 
lary pressure cause the reaction to trauma that is peculiar 
to the lungs. 

Atelectasis, hemorrhage, and edema are the morpholog- 
ical substrates of blunt injury to the lungs.* While micro- 
atelectasis and hemorrhage are an immediate result of the 
trauma, the most important factor for the often-noticed 
progressive deterioration of lung function up to 36 hours 
after the trauma seems to be interstitial and intra-alveo- 
lar edema. Diffusion barriers, and especially shunts,’’ fi- 
nally result in and lead to hypoxemia. In recent years, un- 
derstanding of this pathophysiology has resulted in earlier 
diagnosis and important changes in treatment.’ It is the 
purpose of this short study to review our own experience 
with 62 cases of PC. 


Report of a Case 


A 20-year-old man was involved in a head-on car collision. On 
admission he was unconscious but not hypotonic and was breath- 
ing superficially but regularly. While a craniocerebral injury, frac- 
tures of the pelvis, and multiple extremity fractures could be 
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diagnosed clinically, no chest bruises or instability of the chest 
wall could be detected. Breath sounds were normal. The chest 
roentgenogram (Fig 1) showed rather discrete bilateral cloudy 
opacities and an isolated fracture of the first right rib. Arterial 
oxygen tension (Po,) was 65 mm Hg and carbon dioxide tension 
(Pco,) was 50 mm Hg while breathing room air via an endotra- 
cheal tube. After the diagnosis “bilateral pulmonary contusion” 
was made, intermittent positive pressure ventilation (IPPV) was 
started. On the day of admission and on the following five days, 
the alveolar-arterial oxygen difference (A-aDo,) was calculated af- 
ter 30 minutes of ventilation with pure oxygen (Fig 2). In spite ef 
the immediate institution of IPPV, pulmonary function deteri- 
orated within the first 24 hours. Positive end expiratory pressure 
(PEEP) was necessary for two days. With this treatment, bilat- 
eral pneumothorax developed and chest tubes had to be inserted. 
On the third posttraumatic day, tracheostomy was performed and 
IPPV reinstituted. After eight days, termination of artificial ven- 
tilation was possible. The patient made a recovery, but the mul- 
tiple fractures delayed his discharge from the hospital for months. 


Fig 1.—Chest roentgenogram of 20-year-old man taken on admis- 
sion after head-on car collision: bilateral pulmonary contusion. 
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Clinical Review 


In a 34-year period from 1970 to 1973, 112 patients with 
life-threatening blunt chest injuries were treated at the 
Department of Surgery, Klinikum Westend, Free Univer- 
sity of Berlin. In 62 of them, a diagnosis of PC was made, 
Clinical data of the patients are summarized in the Table. 
This experience shows, as has been confirmed by other in- 
vestigators, that even in patients who were not hypoxemic 
on admission and had no substantial chest wall injuries, a 
progressive deterioration of lung function was possible. 
When instituted after manifestation of respiratory dis- 
tress, artificial ventilation often had poor results and the 
patients died from their injuries. Therefore, in the year 
1971, artificial ventilation was instituted in every patient 
with PC immediately after the diagnosis was made, re- 
gardless of whether or not hypoxemia was already pres- 
ent. This important change in our therapy resulted in im- 
proved prognosis of PC (Table). 

Among 25 patients in the first group of whom 12 were 
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placed on ventilation immediately after admission, nine 

t— —+— —_ á ’ . . 

Pia vs is with more than 12 hours’ delay, and four with no ventila- 
Days after trauma tion, nearly 50% (12) died. In the second group of 37 pa- 





ee tients, all were treated with IPPV after admission and 
Fig 2.—Alveolararteriel oxygen difference for patient in Fig 1 after the mortality was only 19%. There were only slight differ- 
ventilation with pure oxygen for 30 minutes on admission day and on ences between the two groups in mean a ge, mechanisms 
fise posttraumetic days. k ee ‘ 
of trauma, concomitant injuries, and hypotension on ad- 
mission. 








Cemparison of Statistical Data for 62 Patients With Pulmonary Contusion* 
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Group 1 Group 2 
(1970-1971) (1971-1973) Total 
No. of patients 





Mean age, yr 
Male 
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ecaanism of trauma 
Antomobile, motorcycle accidents 9 20 29 
Pedestrians struck by cars 7 


Falls 6 5 11 
Multple trauma 


(additional extrathoracic injuries) 
Addi ioral thoracic injuries 

























Mere than 4 fractured ribs 13 20 33 
1-4 fractured ribs 8 15 23 
Ne rib fractures 4 2 6 
Hemcthorax 13 17 30 
Preumothorax 9 12 21 
Additional extrathoracic injuries 
Craniocerebral 18 26 44 
Atdominal (laparotomy performed) 9 6 15 
Fractured pelvis 8 8 16 
Fractured extremities 16 21 37 
Hyporension on admission 10 14 24 
Ventiation started 
Immediately after admission 12 37 49 
Mare than 12-hour delay 9 0 9 
Meaneduration of ventilation, days 8.9 8.9 8.9 







Tracheostomy 9 17 26 
FRC EEE T PEE IE N E E Gs OT 


* Group 1: PPV instituted when common criteria indicated pulmonary insufficiency; group 
2: every patient with PC placed on ventilation immediately after admission. 
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The mean age in group 1 was 42 years; in group 2, 39 
years. The rates of the multiply traumatized patients (ad- 
ditional extrathoracic injuries) were 89% and 94%, respec- 
tively. In group 1, 52% of the cases had more than four rib 
fractures, compared with 54% in group 2. The ratio of ad- 
ditional pneumothorax and hemothorax percentages was 
52:49 and 36:34. Additional craniocerebral injury was seen 
in 72% of patients in group 1, compared with 70% in group 
2. Hypotension (blood pressure less than 80 mm Hg) on ad- 
mission was noticed in 40% of cases in group 1 and in 38% 
of cases in group 2. 

A prompt diagnosis is the most important feature in 
initiating management of PC. Its insidious nature makes 
early diagnosis mandatory if treatment is to be effective. 
The following criteria are valuable for diagnosis. 

The History.—As the force required to produce lung con- 
tusion must be quite large, it is only likely in cases of 
high-speed accidents, falls from great heights, injuries by 
high-velocity bullets and so on. Young patients with elas- 
tic rib cages more often have PC without serious chest 
wall injuries, whereas in the old the impact is more likely 
to cause serious chest wall injuries, which absorb a great 
part of the force. 

Clinical Manifestations.—Examination of the patient 
shows dyspnea, tachypnea, cyanosis, tachycardia, hypo- 
tension, hemoptysis, and chest bruises in a high percent- 
age. Palpation may indicate fractures of the ribs or ster- 
num. In auscultation of the lungs, moist rales or absent 
breath sounds may be present.” ” 

Arterial blood gas analysis shows hypoxemia in the ma- 
jority of patients at the time of admission. It is often out 
of proportion to the extent of the opacity on the chest x- 
ray film. 

Especially in those patients in whom the arterial Po, is 
not depressed below 70 mm Hg initially, a test with 
breathing pure oxygen for 30 minutes and subsequent cal- 
culation of the A-aDo, is valuable for differential diag- 
nosis.’ 

Roentgenograms.—The chest roentgenogfam is very im- 
portant. Depending on the pathologic type of the lesions, 
the roentgenogram may show patchy, irregular, ill-de- 
fined densities or homogeneous consolidations. Frequently 
both appear simultaneously.'*"* 

Lung Scans.—Scintigraphy until now has only been used 
in experiments, but may be helpful for clinical purposes in 
the future.’ 

In our experience, the most reliable and important in- 
dexes for pulmonary contusion are the arterial blood gas 
analysis, the chest roentgenogram, and the case history. 
As the symptoms immediately after the trauma may be 
very obscure, serial blood gas analysis and chest roentgen- 
ograms are mandatory. 


Comment 


A conelusive comparison of the numbers in the two pa- 
tient groups seems to be problematic since the numbers of 
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the respective cases are small and the multiply trauma- 
tized patients form incongruent groups. But, as the course 
of blunt injury to the lungs is unpredictable and the le- 
sions may progress from microatelectasis and mild hemor- 
rhage to watery edema and, finally, consolidation,” insti- 
tution of PPV in every patient with PC immediately after 
injury is justified. We institute PPV now as a prophylactic 
measure, even if there is no sign of trauma of the rib cage 
such as flail chest, when trauma history and clinical symp- 
toms give us the impression of a severe injury. This ra- 
tionale arises from the following considerations of the use 
of PPYV2:5*: 

1. It impedes or decreases pulmonary edema. 

2. Pulmonary hemorrhage is decreased. 

3. Atelectatic lungs are reexpanded. 

4. It insures sufficient oxygenation in the patient with 
multiple trauma. 

In our practice, patients with PC are intubated nasotra- 
cheally and PPV is performed as soon as the diagnosis is 
made. Volume-cycled respirators are preferred. In any 
case, the patient is given respiratory therapy for at least 
24 hours. Subsequently, when it becomes indicated on the 
basis of clinical criteria and blood gas analysis, the ther- 
apy can either be modified by adjustment of the inflow of 
oxygen or of PEEP, or the respirator therapy can be ter- 
minated completely. 
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FLUOTHANE (halothane) has been ad- 
ministered over 100 million times in a wide 
variety of surgical procedures. 100 million 
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used inhalant anesthetic. 
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4 000 papers worldwide have been pub- 
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a bibliographic record of note on the most 
widely used inhalant anesthetic. 
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Description. FLUOTHANE, brand of halo- 
thane, is an inhalation anesthetic. It is 
2-bromo-2-chloro-1, 1, 1-trifluoroethane 
and has the following structural formula: 


F Br 
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The specific gravity’is 1.872-1.877 at 
20° C., and the boiling point (range) is 
49° C.-51° C. at 760 mm. Hg. The vapor 
pressure is 243 mm. Hg at 20° C. The 
blood/ gas coefficient is 2.5 at 37° C., and 
the olive oil/water coefficient is 220 at 
37° C. Vapor concentrations within anes- 
thetic range are nonirritating and have a 
pleasant odor. FLUOTHANE is nonflam- 
mable, and its vapors mixed with oxygen 
in proportions from 0.5 to 50 per cent 
(v/v) are not explosive. 

FLUOTHANE does not decompose in 
contact with warm soda lime. When mois- 
ture is present, the vapor attacks alumi- 
num, brass, and lead, but not copper. 
FLUOTHANE is soluble in rubber, some 
plastics, and similar materials; such ma- 
terials will deteriorate rapidly in contact 
with FLUOTHANE vapor or liquid. Stabil- 
ity of FLUOTHANE is maintained by the 
addition of 0.01 per cent thymol (w/w), 
and storage is in amber colored bottles. 

FLUOTHANE should not be kept indefi- 
nitely in vaporizing bottles not specifically 
' designed for its use. It is recommended 
that vaporizers be emptied at the end of 
each operating day. Thymol does not vol- 
atilize along with F LUOTHANE, and there- 
fore accumulates in the vaporizer, and 
may, in time, impart a yellow color to the 
remaining liquid or to wicks in vaporizers. 
The development of such discoloration 
may be used as an indicator that the va- 
porizer should be drained and cleaned, 
and the discolored FLUOTHANE (halo- 
thane) discarded. Accumulation of thy- 
mol may be removed by washing with 
diethyl ether. After cleaning a wick or 
vaporizer, make certain all the diethyl 
ether has been removed before reusing 
the equipment to avoid introducing ether 
into the system. 

Actions. FLUOTHANE is an inhalation 
anesthetic. Induction and recovery are 
rapid and depth of anesthesia can be 


rapidly altered. FLUOTHANE progres- 
sively depresses respiration. There may 
be tachypnea with reduced tidal volume 
and alveolar ventilation. FLUOTHANE is 
not an irritant to the respiratory tract, 
and no increase in salivary or bronchial 
secretions ordinarily occurs. Pharyngeal 
and laryngeal reflexes are rapidly ob- 
tunded. It causes bronchodilation. Hy- 
poxia, acidosis, or apnea may develop 
during deep anesthesia. 

FLUOTHANE reduces the blood pres- 
sure, and frequently decreases the pulse 
rate. The greater the concentration of the 
drug, the more evident these changes 
become. Atropine may reverse the brady- 
cardia. FLUOTHANE does not cause the 
release of catecholamines from adrener- 
gic stores. FLUOTHANE also causes dila- 
tion of the vessels of the skin and skeletal 
muscles. 

Cardiac arrhythmias may occur during 
FLUOTHANE anesthesia. These include 
nodal rhythm, AV dissociation, ventricular 
extrasystoles and asystole. FLUOTHANE 
sensitizes the myocardial conduction SyS- 
tem to the action of epinephrine and 
norepinephrine, and the combination 
may cause serious cardiac arrhythmias. 
FLUOTHANE increases cerebral spinal 
fluid pressure. FLUOTHANE produces 
moderate muscular relaxation. Muscle 
relaxants are used as adjuncts in order to 
maintain lighter levels of anesthesia. 
FLUOTHANE augments the action of non- 
depolarizing relaxants and ganglionic 
blocking agents: FLUOTHANE is a potent 
uterine relaxant. 

Indications. FLUOTHANE (halothane) is 
indicated for the induction and mainte- 
nance of general anesthesia. 
Contraindications. FLUOTHANE should 
be avoided when a previous exposure was 
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there was an unexplained postoperative 
fever. 
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age is difficult to avoid. The patient 
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sure, pulse rate, and ventilation, particu- 
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tion. 
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with respect to possible adverse effects 
upon fetal development. Therefore, 
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women where pregnancy is possible and 
particularly during early pregnancy, un- 
less, in the judgment of the physician, 
the potential benefits outweigh the un- 
known hazards to the fetus. 
Precautions. Cirrhosis or other abnormal- 
ities involving liver dysfunction, including 
a history of viral hepatitis, may be a 
basis for selecting an anesthetic other 
than a halogenated agent. 
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FLUOTHANE is indicated, administratior 
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arily used to reduce cerebrospinal fluid 
pressure. Ventilation should be carefully 
assessed, and it may be necessary to as- 
sist or control ventilation to insure ade- 
quate oxygenation and carbon dioxide 
removal. 

Epinephrine or norepinephrine should 
be employed cautiously, if at all, during 
FLUOTHANE (halothane) anesthesia since 
their simultaneous use may induce ven- 
tricular tachycardia or fibrillation. 

Nondepolarizing relaxants and gangli- 
onic blocking agents should be adminis- 
tered cautiously, since their actions are 
augmented by FLUOTHANE. 

Adverse Reactions. The following adverse 
reactions have been reported: hepatic 
necrosis, cardiac arrest, hypotension, 
respiratory arrest, cardiac arrhythmias, 
hyperpyrexia, shivering, nausea, and 
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Dosage and Administration. FLUOTHANE 
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Intussusception as a Complication 


of Malignant Neoplasm 


Constantine Karakousis, MD; E. Douglas Holyoke, MD; Harold O. Douglass, Jr., MD 


Fifteen patients had intussusception associated with malignant 
neoplasm. In 11 cf them, metastatic tumor led the intussusception. 
With metastatic tumors, symptoms were usually shorter than those 
encounterec with benign disease or with primary malignant neo- 
p-asm. The triad of abdominal cramps, nausea with vomiting, and ab- 
domina! distention, although not diagnostic, appeared most con- 
sstently. A palpable abdominal mass or melena was uncommon. The 
clinical picture was insidious ard often confused by the effects of ra- 
deotherapy or chemotherapy. Abdominal roentgenograms and a 
reentgenographic series of the gastrointestinal tract usually indi- 
cated intestinal obstruction. The diagnosis of intussusception was 
rarely mace preoperatively. Despite the generally poor prognosis of 
patients with metastatic disease, surgical intervention is indicated 
wren intussusception occurs. 


eee is the most frequent cause of intes- 
tinal tract obstriction occurring in young children, 
bat is relatively uncommon in adults.’ Still, 5% to 10% of 
all intussusceptions do occur in adults, and several large 
series have been reported.** While the cause of intussus- 
ception remains obscure in over 90% of pediatric in- 
stances, in acul:s fotr out of five intussusceptions can be 
ascribed tosa specific eause. Donhauser and Kelly reported 
65 adult patients with intussusception in whom 26% were 
die to primary malignant tumor.’ In a more recent series, 
Reper deserided 134 instances of intussusception and 
found 36.6% to be due to malignant tumor.’ That the aver- 
age patient was older in the latter series may partially ex- 
plain this difference in incidence. 

Intussuseeptien can be caused by metastatic tumors as 
well as primary malignant neoplasms. De Castro et al re- 
viewed 101 patiənts with metastatic tumors to the small 
insestines eneointered over a 50-year period.’ They re- 
parted 26 cases ef apparently isolated tumors in the small 
bowel, three of which were associated with intussuscep- 
tim. Twa were due to malignant melanoma, while the 
th rd was secondary to metastatic anal carcinoma. 

‘solatec case reparts of intussuscepting metastatic 
small bewe tumor suggest that this complication occurs 
not infrequently in petients with melanoma.** Das Gupta 
et al found nine patients with gastrointestinal tract me- 
tastasis requirirg surgery among 1,000 cases of meta- 
static melanoma. Of these, two underwent exploratory 
surgery for bleeding, two for obstruction, and five for 
intussusception. 
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A review of the last 13 years’ (1960 to 1973) experience 
at Roswell Park Memorial Institute revealed 15 intussus- 
ceptions proved at operation or autopsy in patients with 
malignant disease. There was no effort to select patients 
with isolated metastases to the bowel. 


Patients 


Of these 15 patients with intussusception associated with malig- 
nant neoplasm, 11 had metastatic tumors as the leading points. 
Two of these were patients with gross leukemic infiltrate at the 
tips of intussuscepting bowel. Two primary cecal intussuscepting 
tumors and two “idiopathic” cases with urogenital tumors com- 
plete the series (Table). Three illustrative case histories are 
presented. 


Report of Cases 


CasE 1.—A 19-year-old man underwent a biopsy of a right ax- 
illary mass in September 1960. Histologic examination revealed 
this to be metastatic melanoma. The tumor recurred locally and 
was reexcised. Six months later the development of pulmonary 
metastasis led to his admission to Roswell Park. 

On March 21, 1967, a partial right upper lobectomy was per- 
formed. Postoperatively, the patient was treated by an exchange 
tumor transplant with a paired recipient-donor and, later, leuko- 
phoresis. On the tenth postoperative day, he began having abdom- 
inal pain and vomiting. A series of roentgenograms of the gas- 
trointestinal tract with barium was interpreted as suggesting 
intestinal obstruction, probably secondary to tumor. Spontaneous 
rapid clinical improvement resulted in resumption of oral alimen- 
tation and relief of his obstruction for the next eight days. 

He began to vomit again, however, but nasogastric decompres- 
sion relieved his vomiting and abdominal distention. Progression 
of his tumor in addition to the absence of acute abdominal distress 
discouraged abdominal exploration, and the patient died approxi- 
mately one week later. 

At autopsy there was widespread systemic and central nervous 
system metastatic melanoma. An ileocolic intussusception with 
the leading end of the intussuscepted ileum containing a 20x 18- 
mm metastasis was the cause of the intestinal obstruction. 

CASE 2.—A 63-year-old man had a biopsy of a left axillary mass 
in May 1969, histologically proved to be melanoma. He was 
promptly referred to Roswell Park where a left axillary node dis- 
section was performed. Subsequently, he was treated with immu- 
notherapy utilizing cultured radiated cells. In July and August 
1969, he developed two metastatic subcutaneous nodules that were 
excised. In September, he had epigastric pains, but a series of x- 
ray films of the upper part of the gastrointestinal tract and small 
bowel follow-through failed to demonstrate a cause. He was read- 
mitted two months later for evaluation of persistent anemia and 
rather severe nausea and vomiting. A physical examination dem- 
onstrated lower abdominal tenderness and a liver palpable 6 cm 
below the right costal margin. 

Exploratory laparotomy showed tumor nodules in the omentum. 
There were multiple polypoid lesions in the bowel, one of which 
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¥ 
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Patient Age, yr/ Duration, Temperature, v 
No. Sex Diagnosis Symptoms* Weeks Signst Roentgenogramst C (F) (x 10) 
1 19/M Melanoma CNV 4 DBT Gl:obstr 38.9 (102) 2 
disseminated 
2 63/M Melanoma CNV 4 DT Gl:obstr 38.3 (101) 
disseminated 
3 48/M Melanoma, brain NV 5 D lleus 38.9 (102) 1 
metastasis 
4 61/M Melanoma C 4, DT SB loops, 39.4 (103) 1 
disseminated air-fluid level 
5 26/M Melanoma, brain CNV 11 DB Gl:obstr 39.4 (103) 1 
Metastatic metastasis 
Intussuscepting 6 43/M Melanoma CNVD 2 D Gl:obstr 37.8 (100) 
Tumors disseminated 
7 18/F Granulosa cell CNV 1 M 38.3 (101) 
carcinoma 
8 36/F Phylloid cystosarcoma CNV 4 D Normal§ 37.8 (100) 1 
9 68/M Renal cell CNV 2 M Gl:intus, SB loops, 40.0 (104) 
carcinoma & air-fluid level 
10 11/M Acute myelogenetic CNVD 4 DBT Air-fluid levels 40.0 (104) 
leukemia 
11 4/F Acute lymphoblastic CNV 14 DB 38.9 (102) 
leukemia 
12 84/M Adenocarcinoma CNVD 26 DT BE:cecal defect 37.8 (100) 
AeA tin hia 
Pobre 8 13 6/M Lymphosarcoma CNVD 12 DM BE:intus 37.2 (99) 
cecum 
£ ' 14 5/M Wilms tumor CNV 2 M M ite 
Idiopathic <iis 97M Embnnal a Iaa aaa 
Intussusceptions 15 32/M Embryonal i NV 5 DBM Gl:obstr 38.3 (101) 
carcinoma testis 


* Abdominal cramps, C; nausea and vomiting, NV; diarrhea, D. 


Se p =~ 3 = = Pe = a a a an i 


Intussusception in Patients With Malignant Nec 


ene an r aa E a E E S E sinters eM E 


t Abdominal distention, D; melena or bloody stool, B; abdominal tenderness, T; palpable mass, M. 


t Serial roentgenograms of gastrointestinal tract, Gl; 
tion, intus; barium enema, BE. 


partial or complete obstruction, obstr; distended small bowel, SB loops; intussuscep- 


§ This patient was transferred with nasogastric tube decompressing proximal part of her bowel. 


was causing intussusception high in the jejunum, while in two ad- 
jacent areas the bowel also appeared obstructed. Segmental resec- 
tion and end-to-end anastomosis was performed. A dark-brown, 
spherical, rubbery tumor, 3.5 cm in diameter, was the leading 
point of the intussusception. 

The patient’s postoperative course was uneventful; he was dis- 
charged to receive chemotherapy at home and died 9% months 
later from progression of his disease. 

CASE 3.—A 48-year-old man had a melanoma of the right scap- 
ula excised in August 1971, followed by a right axillary dissection 
(with ten of 38 nodes positive) three weeks later. He was treated 
with dactinomycin and dacarbazine (imidazole carboxamide), but 
had intermittent melanotic stools. Interpretation of a series of 
roentgenograms of the gastrointestinal tract suggested an intra- 
luminal tumor. In May 1972, he developed headaches and under- 
went craniotomy for a frontal and parietal lesion. His mental 
status was somewhat impaired, and he developed a right hemi- 
paresis. Vomiting and abdominal distention were treated by naso- 
gastric intubation on the assumption of paralytic ileus. He showed 
occasional periods of improvement and, during these times, at- 
tempts were made to feed him via the nasogastric tube. His condi- 
tion deteriorated, however, and he finally died. 

Autopsy revealed an intussusception 200 cm from the ligament 
of Treitz, led by a black and white metastasis with central necro- 
sis causing complete obstruction. 


Results 


Of the 15 instances of intussusception documented at 
Roswell Park, 11 were due to metastatic disease; six of 
these were caused by malignant melanoma. In the whole 
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series, 12 patients were male (80%). The usual male pre- 
ponderance for intussusception is reported as 60% to 68%.° 
Interestingly, only one of our patients was encountered 
during the summer months (June through September, in- 
clusive). 

Of those patients with intussusception due to meta- 
static malignant neoplasm, most demonstrated a chronic 
course of symptoms with an average duration of about 25 
days. Only patient 4 (Table) presented an initially acute 
picture of intussusception. Four patients had symptoms of 
one to two weeks’ duration, five had symptoms of four to 
five weeks’ duration, one had symptoms for two to three 
months. 

Almost all of our patients had abdominal cramps. The 
only patient of the 11 with metastatic tumor causing in- 
tussusception who did not report abdominal cramps had 
cerebral metastases, and it was not possible to evaluate 
his symptoms properly. Ten patients had nausea and vom- 
iting as well, while nine were admitted with varying de- 
grees of abdominal distention. Abdominal tenderness was 
noted on palpation in four patients, but a mass was pal- 
pated in only two. Two patients had severe diarrhea, and 
three had constipation. Three patients had melena. 

Plain roentgenograms of the abdomen showed dilated 
loops of small bowel and air-fluid levels, suggesting ob- 
struction, in three of the patients. Another patient had a 
flat abdominal roentgenogram taken early in the course of 
his intussusception that was interpreted as ileus. In five pa- 
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SS 
Tunmr Size, cm 


Type of (Di&meter of 
Therapr Intussusception Leacing Point) Result 

ssogastric lleocolic -X1.8 Dead:intussusception 
jJecompression 
section Jejunojejunal 3.5 Survived 9 mo 
sogastric Jejunojejunal Not measured Died of disease 
Mecomoression 
section lleoileal 7x5 Dead:intussusception 
sogastric Jejunojejunal 2.5 Died of disease 
“ecompression 

ection Jejurojejunal Murtip.e 2-5 Survived 344 mo 

it-sided llencolic 75x6 Survived 16mọo ~“ 
solectomy 
ection Jejuroileal 45xs Survived 15 mo 

) resections Jejunojejunal 8 Dead:agranulocytosis 

llevileal 

ogastric lleocolic Ne=crotic Dead:intussusception 
~ecompression 

motherapy llevileal 1X 1.5 Dead:intussusception 
Wht-sided lleocecal 5 Survived 614 yr 
~olectomy 

t-sidec lleececal 1.4 Survived 35 mo 

dlectomy 
-uction llepileal Nc tumor Alive 8 yr 
ection Jejunojejunal Nc tumor Survived 2 mo 


tients a series of x-ray films of the upper part of the gas- 
traimtestinal tract showed partial or complete small bowel 
obstruction, but in orly on2 were the x-ray films inter- 
preted as probable intussuszeption. 

The white blood cel! counzs were invalid indexes, since 
most patients were receiving leukocyte-depressing chemo- 
therapeutic agents. Because of other tumor-related com- 
plieations, fever could not be meaningfully correlated with 
the onset of intussusception 

In only one patient was the diagnosis of intussusception 





Fig 1.—I\leocecal intussusceptior in patient (case 13) with lympho- 
sarcema of cecum. 
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made preoperatively. The remainder were diagnosed sim- 
ply as “intestinal obstruction.” Six of these 11 patients 
were treated by resection. Two patients died postopera- 
tively, one with peritonitis due to delay in diagnosis and 
the other due to sepsis secondary to chemotherapy-in- 
duced agranulocytosis. The other four patients survived 
an average of 11 months, free of obstructive symptoms. Of 
the five patients who did not undergo exploratory surgery, 
two had extensive disseminated, metastatic disease with 
intracranial metastases resulting in severe neurological 
manifestations. Three others could possibly have had 
meaningful palliation by early diagnosis and treatment. 

The two patients with primary intussuscepting tumors 
(Fig 1) had symptoms of longer duration. Their survival 
was definitely better, as would be expected. In fact, one of 
them died 6% years following surgery as a result of a sec- 





Fig 2.—Jejunojejunal intussusception. (case 15). 


Fig 3.—Longitudinal section of Fig 2. 
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ond primary tumor. 

The two patients with malignant neoplasm and intus- 
susceptions (Fig 2 and 3) designated as idiopathic (since 
there was no tumor leading the intussuscipiens) demon- 
strated divergent survival dependent on the extent and 
nature of their malignant neoplasm. The patient with 
Wilms tumor has survived for eight years and is still alive 
with a pulmonary metastasis that is apparently under 
control. They also serve, perhaps, to illustrate the point 
R: that in patients with known malignant neoplasm not all 
k = intussusceptions or intestinal obstructions are due to me- 
. tastasis. 





Comment 


Intussusception in adults follows a chronic or subacute 
course characterized by an insidious onset."' This is true 
also of pediatric intussusception secondary to malignant 
neoplasm, where diagnostic delay frequently ranges be- 

tween five and 30 days before operation or death.’ In Ro- 
per’s series, the average duration of symptoms in benign 
tumors causing intussusception was 15 months, while in 
malignant tumors it was only ten weeks.° The still shorter 
duration of symptoms (25 days) at Roswell Park probably 
is not due to local mechanics at the intussusception site, 
but rather due to the fact that most of the patients had 
multiple intestinal tract metastases and, probably, a 
higher growth rate. 


- 


a aE 
i =. tg 


On occasion, it can be difficult to differentiate the symp- 

toms of chronic intussusception from those due to meta- 

= static disease. Undoubtedly, these symptoms merge. 
k's Chronic, intermittent, obstructive symptoms can be as- 
Pa. cribed to chronic intussusception retrospectively only 
f when the leading lesion itself is of sufficiently small size to 


> be incapable of causing obstruction on its own. These 
A symptoms can then be attributed (in the absence of any 
be other cause) to chronic, intermittent, often self-reducing, 
F intussusception. That the intussusception can be self-re- 
; duced has been amply demonstrated.*'*"° 
he The triad of abdominal cramps, nausea with vomiting, 
_ and abdominal distention, although not diagnostic, seems 
f = most consistent in our series. The additional findings of a 
a palpable abdominal mass and bloody stool, which would 
= make virtually certain the clinical diagnosis, are not fre- 
ë quent. The frequent lack of substantial abdominal tender- 
ness, indicating little or no peritoneal irritation, has been 
ig attributed to the encasement of the indurated or necrotic 
R: intussusception within the essentially normal intussusci- 
p piens. In our patients, the diagnosis was confused by the 
, superimposition on the generally insidious character of 
Be the intussusception symptoms of the effects of malignant 
E neoplasm and chemotherapy. Barium enema examination 
A = will often permit. specific diagnosis in the ileocecal or 
: ileocolic intussusceptions, whereas a contrast study from 
m° above may fail to delineate the cause of obstruction." 
Now obsolete, a side-to-side ileotransverse anastomosis 
bypassing the obstruction has been reported to result in 
spontaneous reduction of a surgically nonreducible, ileoce- 
cal intussusception.: Observation of the protracted course 
$ often seen in patients treated with nasogastric or small 
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bowel tube decompression suggests that intubation not 
only relieves symptoms of obstruction but also may pre- 
vent progression of the pathophysiologic process to some 
extent, without being able to reverse it. For these reasons, 
we advocate early exploration of the abdomen when the 
state of the tumor in the abdomen is not known. This is 
particularly important in patients with melanoma.” 

Following correction of the intussusception, survival 
will depend largely on the type and extent of tumor pres- 
ent. In our series, patients with melanoma had a worse 
prognosis than those with metastatic breast or urogenital 
tumors. The survival of patients in whom the primary tu- 
mor leads the intussusception depends on the presence or 
absence of metastases, further emphasizing the impor- 
tance of an early exploratory operation. 

The three case reports illustrate the problems in the 
management of these patients. The first two patients had 
diffuse melanoma that did not seriously compromise any 
vital organ system. Timely diagnosis and surgical treat- 
ment would probably have afforded the first patient the 
same palliation and relief from obstructive symptoms that 
the second patient experienced. The third patient, whose 
central nervous system was severely compromised by me- 
tastases, had little to gain from aggressive surgical inter- 
vention. 


Nonproprietary Name and 
Trademark of Drug 


Dactinomycin—Cosmegan. 
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Intermittent Mandatory Ventilation 


An Evaluation 


John B. Downs MD; Haven M. Perkins, MD; Jerome H. Modell, MD 


Twenty-four patients who nad acute respiratory insufficiency ne- 
cessitating mechanical ventilation were studied. Twelve patients had 
controlled mechanical ventilation (CMV) with T-tube trials of sponta- 
neous ventilation to accomplish weaning. Twelve received inter- 
mittent mandatory ventilatior (IMV), a method of mechanical venti- 
lation that allows spontaneous respirations to occur but provides 
periodic mechanical hyperinflations. Weaning was accomplished by 
increasing the interval between mechanical breaths until the pa- 
tient's ventilation was entirely sportaneous. Arterial blood gas ten- 
sions, pH, dead space to tidal velume ratio, oxygen consumption, vi- 
tal capacity, anc inspiratory force were monitored for all patients 
untilweaning wes complete. The functional residual capacity was re- 
duced in al! patients following mechanical ventilation. Controlled me- 
chanical ventilation resulted in alkalosis, an increased ventilation 
time. and an increase in oxygen consumption compared to IMV. 


aoe mandatory ventilation (IMV), a tech- 

nique of mechanical ventilation that allows patients to 
breathe spontaneously and yez receive periodic mechani- 
cal hyperinflations, has been shown to decrease the 
amount of time required for mechanical ventilation and to 
increase survival in infants who have the respiratory dis- 
tress syndrome.’ In addition, it has been shown to facil- 
itate the weaning of adult patients from controlled or 
assisted mechanical ventilation.’ We performed a prospec- 
tive study tc determine if IMV could be used to effectively 
treat patierts suffering from acute respiratory insuffi- 
ciency. 


Methods and Materials 


Twenty-four consecutive patients with acute respiratory insuf- 
ficiency who were anticipated to require mechanical ventilatory 
support for at least 13 hours were studied (Table 1). Twelve pa- 
tients received centrolled mechanical ventilation (CMV) and 12 re- 
ceived IMV. Eat-ents were assigned to each group by their social 
security number All patients were ventilated with a volume-con- 
trolled ventilator, modified to allow spontaneous respiration to oc- 
cur and to provide a mechanical rate as low as 1 breath every four 
minutes. A 5-liter distensible reservoir bag, a precalibrated oxy- 
gen blender, and a flowmeter were installed to provide a contin- 
uous flow of humidified gas to the patients’ breathing assembly 
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and insure minimal impedance to spontaneous breathing (Fig). 
Initially, the apparatus was set to deliver a tidal volume of 12 
ml/kg, and all patients’ respirations were controlled at a rate of 12 
breaths per minute with a fraction of inspired oxygen (FIO,) of 
1.0. Thirty minutes were allowed for denitrogenation, and then 
determinations of arterial oxygen pressure (Pao,), carbon dioxide 
pressure (Paco.), and pH (pHa) were performed and the FIO, was 
decreased to attempt to maintain Pao, between 70 and 100 torr. 
Positive end-expiratory pressure (PEEP) was added to some pa- 
tients’ respiratory patterns when necessary to improve arterial 
oxygenation. At least every four hours the following measure- 
ments were recorded for all patients: Pao,, Paco,, pHa, FIO., min- 
ute ventilation, ventilator rate, spontaneous ventilation rate, 
pulse, blood pressure, and temperature. Each morning the FIO, 
from the ventilator was increased to 1.0 for 15 minutes, PEEP was 
removed, and measurements of Pao., Paco., and pHa were re- 
peated. Physiologic dead space to tidal volume ratio (V»/ Vr) was 
calculated according to the Bohr dead space equation.‘ Then, the 
functional residual capacity (FRC) and oxygen consumption (VO) 
were measured simultaneously using a closed system helium dilu- 
tion technique.’ Blood gas tensions and FRC volumes were cor- 
rected to each patient’s body temperature by a program derived 
from the data of Severinghaus.® The VO, was expressed as a func- 
tion of bedy surface area at standard temperature and pressure, 
dry. ~ 

Those patients who received CMV were ventilated with the low- 
est possible rate necessary to prevent spontaneous respiratory ef- 
fort. This was determined by decreasing the ne of the ventilator 
until spontaneous respiratory activity oceurr and: then increas- 
ing the rate by 1 breath per minute where it was maintained. Pa- 
tients were considered to be able to tolerate a T-tube trial’ of 
spontaneous ventilation if all of the following criteria were met: 
V,,/V; less than 0.6; vital capacity greater than 10 ml/kg body 
weight; inspiratory force less than —15 torr; and Pao, while 
breathing 100% oxygen without PEEP was greater than 250 torr. 
The Pao,, Paco., pHa, FRC, and VO, were measured again while 
patients breathed 100% oxygen spontaneously for 15 minutes. 
Weaning continued if Paco, increased less than 10 torr and if Pao, 
while breathing 100% oxygen was greater than 250 torr. Weaning 
was considered to be complete if the T-tube trial was successful 
for one hour. 

The patients who received IMV had the same ventilator set- 
tings as those who received CMV for the first 30 minutes of venti- 
lation. Then, the rate of the ventilator was decreased progres- 
sively at one- to four-hour intervals, as long as spontaneous 
respiratory efforts occurred and the pHa remained greater than 
7.30 regardless of the other measurements. Patients were consid- 
ered to be weaned from the ventilator when their ventilation had 
been completely spontaneous without PEEP for one hour with a 
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Age, 
yr 


Type of 
Ventilation 


CMV 
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Table 1.—Study Groups of Patients Treated With CMV and IMV* 


Ventilation 
Time, hr 


48 


3 CMV 
4 53 CMV 114 
5 56 CMV 14 
6 57 CMV 14 
7 66 CMV 60 
8 60 CMV 18 
9 56 CMV 
10 58 CMV 19 
12 43 CMV 17 
1 48 IMV 40 
2 53 IMV 43 
3 66 IMV 17 
4 55 IMV 19 
5 63 IMV 18 
6 51 IMV 13 
7 56 IMV 13 
8 57 IMV 17 
9 40 IMV 17 
10 55 IMV 19 
11 46 _IMV 19 
12 41 IMV 19 


* CMV: mean age + SE = 55.4 + 3.8 yr; mean ventilation time + SE = 38 
tilation time + SE = 21.2 + 2.8 hr. CMV vs IMV mean ventilation time: P<. 
vein bypass graft, CABG; coronary artery disease, CAD; chronic obstructive pu 


Operation 


None 


Diagnosis 


Head injury; aspiration 
pneumonitis; lung 


hemopneumothorax; chest tube 
lung contusion i 

Septic shock secondary Post-Roux-en-Y 
to peritonitis and anastomoses 
pancreatitis 


Posthiatal hernia 
repair 


Septic shock with DIC 


Severe ASCVD and post- Carotid endarterec- 


operative myocardial tomy 
infarction 
Hyperkalemia secondary None 


to spironolactone 

Congestive heart fail- 
ure; aortic stenosis; 
CAD 


Emergency aortic 
valve replacement 


Aortic stenosis Aortic valve 
replacement 
Mitral insufficiency; Mitral valve 
pulmonary edema replacement 
CAD and mitral Single CABG 


CAD — Double CABG 


Cirrhosis; bleeding Portacaval shunt 
esophageal varices; 
aspiration pneumonitis 

Ruptured colonic 
diverticulum; peritoni- 
tis; postmitral valve 
replacement 


Fractured femur; COPD; 
possible fat emboli 


Colostomy 


Open reduction & 
fixation of fracture 


Carcinoma of the lung; Right upper 
COPD lobectomy 
Post CVA; acute Cholecystectomy 


cholecystitis 


Carcinoma of the lung 
metastatic to spine; 
COPD 


T-3-T-4 laminectomy 


Emphysema; COPD None 
COPD and pneumonia None 
Aortic insufficiency Aortic valve 


and stenosis replacement 


Aortic insufficiency Aortic valve 
replacement 
CAD; mitral Triple CABG 
insufficiency 
CAD Double CABG 


DIC; arteriosclerotic cardiovascular disease, ASCVD; cerebral vascular accident, CVA. 
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Reason for 
Mechanical Ventilation 


Hypoxemia 


contusion 
2 24 CMV 98 Gunshot wound of chest; Insertion of Hypoxemia 


Cardiovascular i^- 
stability and coma 


Interstitial pulmonary 
edema and hypoxemia 
secondary to sepsis 


Pulmonary edema sec- 
ondary to congestive 
heart failure 

Severe muscle weakness 
and respiratory arrest 

Pulmonary edema and 
cardiovascular 
instability 

Post-CPB 

Hypoxemia seccndary 


to congestive heart 
failure 


stenosis Post-CPB 
aE i EE a OT CMV CAD and COPD Double CABG Post-CPB 


Post-CPB 


Hypoxemia and CO, 
retention secondary to 
aspiration pneumonitis 

Interstitial pulmo- 
nary edema and 
hypoxemia secondary 

_to sepsis 

Postoperative hypox- 
emia and CO, 
retention 


Postoperative 
atelectasis & 
hypoxemia 


Postoperative CO, 
retention 


Postoperative 
hypoxemia & CO, 
retention 

Respiratory failure 
with severe CO, 
retention & 
hypoxemia 

Respiratory failure 
with severe CO, 
retention & hypoxemia 

Pulmonary edema 
secondary to conges- 
tive heart failure 


Post-CPB 
Post-CPB 


Post-CPB 


4 + 10.0 hr; IMV: mean age + SE = 52.6 + 2.3 yr; mean ven- 
06. Cardiopulmonary bypass, CPB; coronary artery saphenous 
Imonary disease, COPD; disseminated intravascular coagulation, 
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From controlled FIO) gas source 


patient 


Modification of existing ventilator assembly to allow IMV: A, 5-li- 
ter anesthesia bag reservoir; B, unidirectional valves; C, motor- 
Griven piston; D, heated humidifier; E, exhalation valve. 


pia greater than 7.30 and < Pao, greater than 250 torr. With 

FIO, = 1.0, Pao,, Paco., pHa, FRO, VO., V,/V., inspiratory force, 

and vital capacity were recorded at that time. Since the ventilator 

rate was enly one breath every four minutes immediately prior to 

complete spontaneous respiration, FRC was measured only during 
-cempiete spontaneous ventilation. 


Results 


There were no significart differences between those pa- 
tients who received IMV or CMV with respect to age, 
height, weight, or bedy surfece area. Of the ten patients 
who had postsurgical or traumatic pulmonary ~insuffi- 
ciency, five received CMV and five IMV. Three patients 
with respiratory failure secondary to chronic obstructive 
pulmenary disease (COPD) and who deteriorated during 
censervative management received IMV. One patient 
wath severe hyperkalemia and muscle weakness secondary 
te spirenolactore therapy received CMV. Ten patients un- 
derwent cardicpulmonary bypass with methoxyflurane 
amalgesie and unreversed muscle relaxation. Of these, six 
received CMV and four IMV (Table 1). 

Positive end-expiratory pressure was added to the ven- 
tLatory patterns of taree patients who received CMV and 
four who received IMV to improve arterial oxygenation. 
In all cases, PEEP was removed with little or no decrease 
in Pas, prior to complete spontaneous ventilation. Those 
patients receiving IMV showed no evidence of discomfort 
or increase in Paco, when PEEP was in use, even at low 
mechanical ventilatory rates. 

There was a slight decrease in FRC (0.58 liters) when 
CMV was discontinued and spontaneous ventilation es- 
tadlished (P<.1). The difference between the FRC during 
spontaneous ventilation in zhe two groups was not signifi- 
cantly different (Table 2). 

The mean Pao, was slightly lower during complete 
spontanecus breathing for both groups than it had been 
with mechanieal support. However, these differences were 
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not significant in either group or between groups at any 
time (Table 2). 

The patients who received CMV consistently main- 
tained a low Paco, and a mild respiratory alkalosis. Fol- 
lowing discontinuation of mechanical ventilation the 
Paco, increased from 32.3+ 1.1 torr to 36.8+ 1.9 torr 
(P<.05) and the pHa decreased from 7.49+ .01 to 
7.44+ .01 (P<.01). During IMV, Paco, was 42.8 + 2.1 torr 
and it was 39.9 + 2.2 torr when complete spontaneous ven- 
tilation was maintained (P>.1). The mean pHa was 
7.44 + 0.01 both during and immediately following IMV. 
The Paco, was significantly lower (P<.001), and the pHa 
significantly higher (P<.01) during CMV than during 
IMV. When the patients breathed entirely spontaneously 
there were no significant differences between the two 
groups (Table 2). The patients with COPD had a respira- 
tory acidosis prior to receiving IMV. During IMV and 
complete spontaneous breathing, their pHa and Paco, val- 
ues were similar to those of other patients receiving IMV. 

The VO, was 191.7+ 14.9 ml/min/sq m during CMV im- 
mediately prior to successful weaning. Fifteen minutes 
after beginning spontaneous ventilation, it was 
188.5+ 11.0 ml/min/sq m (P> .1). Fifteen minutes fol- 


lowing discontinuation of IMV, VO, was 139.9+ 6.8 — 


ml/min/sq m, which was lower than that measured fol- 
lowing CMV (P<.005). W 

All patients were weaned successfully from their venti- 
lator and did not require reintubation. Patients who re- 
ceived CMV required a longer period of mechanical venti- 
lation than those who received IMV (P<.06). All but four 
patients who received CMV and all but two who received 
IMV required less than 24 hours of mechanical ventilation 
before they could sustain adequate spontaneous ventila- 
tion. 

Fifteen minutes prior to sustained spontaneous ventila- 
tion, the vital capacity was 0.15 + 0.002 liters/kg for both 
groups. The inspiratory force was —31.5 + 2.4 torr for the 
patients who received CMV and —35.0 + 2.1 torr for those 
who received IMV. During CMV the V,/V, was 
0.43 + 0.04 and during weaning it was 0.40 + 0.03. During 
IMV it was 0.47 + 0.04, and while breathing spontane- 
ously it was 0.43 + 0.03. The differences were not signifi- 
cant between or among groups with respect to V+, inspira- 
tory force, or Vp/ Vy. 


Comment 


Intermittent mandatory ventilation was effective in 
treating adult patients with acute respiratory insuffi- 
ciency. In addition, there are several practical, as well as 
theoretical, advantages to IMV as compared to CMV. 

Hypocapnia frequently is a sequel of CMV, since some 
degree of hyperventilation or sedation usually is neces- 
sary to control the ventilation of most patients.*° Respira- 
tory alkalosis has been shown to increase venous admix- 
ture,’°'' decrease compliance,'*'* decrease cardiac 
output, and shift the oxyhemoglobin dissociation curve 
to the left. These factors additively could decrease 
Pao, and oxygen delivery to the tissues at the same 
time. Increased oxygen consumption also has been shown 
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Table 2.—Functional Residual Capacity, Blood Gas Tensions, and pHa During and Immediately Following CMV 
and IMV (Mean + SE) 








During Mechanical Immediately Prior to 15 min After Beginning 
Ventilation Spontaneous Respiration Spontaneous Respiration 











torr* 395 12 384 12 NS 396 12 382 12 NS 365 12 333 12 NS 









+ 407 + 30t + 23 +31 + 20 + 30 
Paco,, 
torr 32.6 12 43.7 12 <.001 32.3 12 42.8 12 <.001 36.8 12 39.9 12 NS 
+ 1.4} + 2.7% + 1.1 + 2.1 +1.9 + 2.2 
pHa 7.46 12 7.41 iz <p 7.49 12 7.44 if. <0l 7.44 12 7.44 12 NS 











+ 0.01; 


* FIO, = 1.0. 
t Measured 30 min following onset of mechanical ventilation. 
ł Mean + SE of average values of all determinations for each patient during entire period of ventilation. 


+ 0.01 






to occur with respiratory alkalosis in both animals'’*'* and tween the two groups following mechanical ventilation, 
man.'* The mechanism by which this occurs is unknown. that atelectasis was probably not greater in those patients 
However, Khambatta® has recently speculated that the who received IMV, even though the total amount of me- 
increased phosphofructokinase enzyme activity observed chanical ventilation was less. 
in an alkalotic environment may be responsible for the in- Kirby and deLemos et al'* have demonstrated that in- 
crease in VO.. fants with the respiratory distress syndrome require a 
We would expect the work of breathing to be greater shorter period of ventilatory support when IMV is em- 
for the patients who received IMV than for those who re- ployed rather than CMV. The results of our study indicate 
ceived CMV. The work of breathing in normal individuals the same is true for adults. The main criterion for success- 


at rest usually represents only 2% to 3% of the total VO.. ful weaning from mechanical ventilation with IMV is the 
Since all of our VO, measurements were performed when maintenance of a normal pHa. The criteria used for wean- 
patients were either breathing spontaneously or were ca- ing patients from CMV in this study and similar criteria 


pable of doing so without difficulty, the VO, secondary to used by others are manifold.’ Some patients may, in fact, 
the work of breathing was probably small compared to the be able to maintain spontaneous respiration who are 
total body VO.. In fact, the VO, was significantly lowerin unable to fulfill the criteria for a T-tube trial. Therefore, 
the patients who had received IMV than in those who ventilation time may be unnecessarily prolonged with 
were treated with CMV. This partially could be ascribed to CMV. In addition, patients who have had their ventilation 
the fact that patients were alkalotic during CMV and had controlled, and who have a respiratory alkalosis, have a 


an increased VO, secondary to the prolonged alkalosis. decrease in the cerebral spinal fluid bicarbonate level.2'-2% 
Fifteen minutes after establishing spontaneous ventila- They will become tachypneic, anxious, discoordinated in 
tion, the VO, was still higher in the CMV group than the their efforts to breathe,'*** and, unless they can maintain 
IMV group, even though Paco, and pHa were then compa- alow Paco,, often will fail to maintain spontaneous respi- 


rable. A different mechanism, perhaps the abrupt change ration successfully. Prolonged respiratory alkalosis did not 
in going from CMV to spontaneous ventilation compared occur during IMV, and the periodic hyperinflations may 
to the gradual transition with IMV, could be responsible act as a reinforcement to coordinated breathing.’ Thus, 


for the higher VO, in the CMV group at that time. patients with borderline ventilatory function appear to 
The V,/V, was not significantly different when pa- wean more readily with IMV than with CMV and tradi- 

tients breathed spontaneously or during CMV. The venti- tional weaning methods,’ thereby reducing the total time 

lator V, of-12 ml/kg was greater than the spontaneous Vy, required for ventilation. 

therefore the physiologic dead space during Mechanical Furthermore, patients with chronic obstructive pulmo- 

ventilation was greater than during spontaneous breath- nary disease and chronic hypercapnia are occasionally ad- 

ing. In addition, there was a consistent decrease in mea- mitted with acute pulmonary insufficiency and require 


sured FRC following the onset of sustained spontaneous mechanical ventilatory support. These patients are unable 
ventilation in all patients who received CMV. Since there to maintain a “normal” Paco, at their best. They may seek 
was not a proportionate decrease in Pao, and since the V, their own Paco, and pHa with IMV, but not with CMV. 
appeared to decrease during spontaneous breathing, we Compared to conventional ventilation and weaning 
surmise that some areas of the lung were overexpanded methods, IMV allowed the patients to maintain a near- 
during mechanical ventilation in spite of alow FRC. We normal pHa and Paco, without compromising arterial 
assume since there was no difference in Pao, and FRC be- oxygenation. It appears that conventional weaning crite- 
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ria may be tco strict in some instances and IMV, there- 
fore, may snonten total vencilation time. Since ventilation 
and weaning can be acomplished with the same equip- 
ment duming IMV, extra nebulizers, oxygen blenders, tub- 
ing. end ‘requent equipment changes necessary for wean- 
ing fom CMY are avoided. 


This investigation wes supported in part by National Institutes of 
Healt grants Gh.17246-04 and GM00427-13. 

The ~olume-eonerolled ventila-or used in this investigation was supplied 
dy theJ. H. Emerson Ce., Cambridge, Mass. 

Gary, Frasier and members of his staff provided technical assistance. 

I. B. Boruchew, MD, permitted us te describe his cases. 
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Editorial Comment 


The advantages of a new procedure for management of the me- 
chanical ventilation of patients with acute respiratory failure 
might be classified as (a) a safer or more “physiological” way of 
maintaining the ventilation and (b) a quicker route to dis- 
continuing all mechanical aids. 

The authors have established that their patients with IMV had 
a more normal Paco, and pHa than patients on CMV. This as- 
sumes that the patient “knows best” what these values should be, 
and that the control mechanism is intact. 

It is more difficult to accept the authors’ claim that IMV is of it- 
self associated with a shorter period of mechanical aid. If the cri- 
teria for weaning from CMV are fixed first, then the length of 
time before attempting spontaneous ventilation will vary with 
these criteria. Different criteria (for example, a V>/V; less than 
0.65 instead of 0.6) might have shortened CMV time to less than 
IMV. The difference in length of CMV compared to IMV might 
merely reflect, therefore, the inadequacy of criteria used for 
weaning from CMV. 

Substantiation of advantage (b) above remains to be estab- 
lished. A comparison between IMV and assisted mechanical venti- 
lation would be interesting. | 

The authors are to be thanked for an interesting and potentially 
beneficial advance in respiratory care. 

HILLARY F. Don, MD 
Boston 
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Perforated Duodenal Ulcer 
With Coexistent Gastric Carcinoma 


Harold R. Brodman, MD; William E. Cioffaro, MD: 
Richard F. Brodman, MD; Marvin L. Gliedman, MD 


The coexistence of gastric carcinoma and perforated duodenal ul- 
cer is rare. The reasons for the rarity are alluded to, and the surgical 
management peculiar to this combination is discussed. 


he coexistence of gastric carcinoma and peptic ul- 
cer is reported to have an incidence of about 0.1%.'” 
Perforated duodenal ulcer, however, occurs rarely with 
gastric carcinoma, as only two reported cases could be 
found.** 
The following is a case report of a patient who devel- 
oped a perforated duodenal ulcer while being prepared for 
surgery for a gastric carcinoma. 


Report of a Case 


A 72-year-old man was admitted with a three-month history of 
progressive dysphagia, an 8.6 kg (19 lb) weight loss, and anemia. 
The patient did not have a history of ulcer disease. He was cachect- 
ic. Results of an abdominal examination did not reveal hepato- 
megaly or palpable masses. Esophagoscopy and roentgenograms 
of the upper part of the gastrointestinal tract demonstrated a le- 
sion at the cardioesophageal junction. The evening prior to sched- 
uled gastrie surgery, the patient developed an acute condition 
within the abdomen. There was pneumoperitoneum on abdominal 
roentgenograms. At laparotomy a perforated duodenal ulcer was 
found. The perforation was extended through the pylorus and 
a Heineke-Mikulicz pyloroplasty was performed. A gastrostomy 
was performed. Via the gastrostomy tube, overnight gastric se- 
cretion was 745 ml with a pH of 2.05 with 97.5 mEq of hydrochloric 
acid per liter. Postoperative roentgenograms showed a patent py- 
loroplasty. A transthoracic esophagogastrectomy and splenectomy 
was performed one month later. The pathological specimen con- 
tained adenocarcinoma of the proximal part of the stomach. The 
patient’s postoperative course was uneventful. 


Comment 


The surgical management of patients with perforated 


duodenal ulcer and concomitant gastric carcinoma would 


Accepted for publication May 17, 1974. 

From the Department of Surgery, Montefiore Hospital and Medical Cen- 
ter, Albert Einstein College of Medicine, New York. 

Reprint requests to 25 Innes Rd, Scarsdale, NY 10583 (Dr. Brodman). 
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depend on the location of the carcinoma. Treatment of the 
perforation should not compromise definitive surgery for 
the carcinoma. If the carcinoma occurs in the distal part of 
the stomach, primary gastrectomy in the face of duodenal 
ulcer perforation would constitute definitive treatment 
for both diseases. 

Resection of a proximally situated gastric carcinoma of 
necessity includes vagectomy. Because of this, we elected 
to convert the closure of the perforated duodenal ulcer to a 
pyloroplasty and treat the carcinoma in an interval. When 
the transthoracic esophagogastrectomy was performed, it 
was not necessary to invade the difficult area of previous 
surgery. 

Bateson’ has suggested that the presence of a duodenal 
ulcer protects the patient against the development of a 
gastric carcinoma, and postulates that this protection may 
be related to the level of acid secretion by the stomach. 
Conversely, however, the patient with carcinoma of the 
stomach and its attendant hypoacidity or anacidity pro- 
tects this patient from duodenal ulcer. 

Gastric carcinoma seems to occur more frequently in the 
proximal portion of the stomach in the presence of duode- 
nal ulcer.’ This predilection may be related to separation 
of mucosal and submucosal layers of the antrum by carci- 
noma. Interruption of continuity between the mucosal 
and muscularis layers of the stomach in the area of the an- 
trum seriously impairs its function.’ 
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New Ascriptin with Cod 


#2—Y4 grain codeine tablet 
#3—YVz graim codeine tablet 


Reduces inflammation, relieves severe pain 


WILLIAM F. RORER, INC. 
Fort Washington, Pa. 19034 
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When aspirin therapy alone is not 
sufficient, consider new Ascriptin 
with Codeine Tablets. The codeine 
relieves more severe bouts of 
pain. Yet joint stiffness and inflam- 
mation are still eased by basic 
aspirin—thus avoiding the esca- 
lated risks associated with more 
potent anti-inflammatories or 
corticosteroids. 

And Ascriptin, remember, is 
Maalox®-protected aspirin. That 
means less chance of aspirin- 
induced gastric distress...even 
with high doses. 





INDICATION: As an analgesic for the 
relief of pain of all degrees of severity 
up to that which requires morphine. 
SIDE EFFECTS: Side effects are rare. 
Nausea, constipation and drowsiness 
may occur. 
Warning—may be habit forming. 
USUAL ADULT DOSE: Ascriptin with 
Codeine #2 (Ys grain): Two tablets every 
3 or 4 hrs. when necessary. 

Ascriptin with Codeine #3 (Y2 grain): 
One or two tablets every 3 or 4 hrs. 
when necessary. 


A unique view of the gallbladder, from the inside looking out, 
by means of a true-to-life plastic model. 


1. Artist's conception of cutaway view of gallbladder contain- 
ing stones which, by causing irritation of the organ’s interior 
wall and restricting biliary iow, may play a role in the re- 
peated episodes of inflammation and infection associated 
with chronic cholecystitis. 

2. Artist's conception of microscopic section of gallbladder 
wall showing chronic state with superimposition of inflam- 
mation, edema and necrosis due to an acute episode. 








Of view 


Vibramycin (doxycycline) 
penetrates gallbladder tissue to 
reach susceptible pathogens 


Vibramycin can be useful in 
cholecystitis because it provides a wide 
antibacterial spectrum and therapeutic 
tissue concentrations: Vibramycin 

is active against susceptible'strains 








| Concentrations of oral Vibramycin in gallbladder tissue ri of bacteria 
removed from four surgical patients on a dosage of 


|200 mg. P.O. stat and 100 mg. P.O. once daily until surgery? | including Escherichia 























Patient y g Concentration in Tissue | coli and Entero- 
No. (mcg./Gm.) Wo x eT ae 
] bacter aerogenes 
| > ae (formerly Aerobacter 
ote ne bea Gee a7) ee | aerogenes). 








1. Because not all strains of pathogens are susceptible, it is recommended 
that routine culture and susceptibility tests be performed. 

2. Fabre, J. et al.: Schweiz. Med. Wochenschr. 97:915, May 17, 1967. 

3. Concentration in the bile taken simultaneously: 24.2 mcg./ml. 


VibramycinlV. 


(doxycycline hyclate for injection) 


100-mg. vials containing doxycycline hyclate equivalent 
to 100 mg. doxycycline with 480 mg. ascorbic acid 
200-mg. vials containing doxycycline hyclate equivalent 
to 200 mg. doxycycline with 960 mg. ascorbic acid. 


Pfizer, LABORATORIES DIVISION 
PFIZER INC 





See Brief Summary on following page for information on side effects and contraindications. 








100-mg vials containing doxycycline hyclate equivalent 
to 100 mg. doxycycline with 480 mg. ascorbic acic 
200-mg. vials containing doxycycline hyci: 

to 200 mg. doxycycline with 960 mg. ascort 


Important facts about 
Vibr amycin (doxycycline) 


= can maintain therapeutic blood 
levels with a single daily infusion 


= can be used without complexities 
of dosage alteration in patients with 
impaired renal function 


= does not significantly elevate BUN 
in patients with renal insufficiency 


€ virtually the same broad range 
of indications when switching from 
I.V. to oral form 


“Because not all strains of pathogens are susceptible, it is recommended that routine culture 
and susceptibility tests be performed. 


Vibramycin™ Hyclate (doxycycline hyclate) and 
Vibramycin® I.V. (doxycycline hyclate for injection) 
BRIEF SUMMARY 


Contraindicated: In persons hypersensitive to any of the tetracyclines. 
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contraindicated. Individuals receiving tetracycline antibiotics should be advised that direct 
sunlight or ultraviolet light can cause photosensitivity reactions. If these reactions 
(exaggerated sunburn) occur, discontinue therapy. Doxycycline forms a stable calcium 
complex in any bone-forming tissue. Fibula growth has been decreased in prematures given 
oral tetracyclines 25 mg./kg. q. 6 h., but this reaction was reversible when the drug 

was discontinued. 

The antianabolic action of the tetracyclines may cause an increase in BUN. Studies to date 
indicate that this does not occur to a significant degree with the use of Vibramycin in 
patients with impaired renal function. 

Vibramycin Intravenous has not been studied in pregnant patients. It should not be used 
in pregnant women unless, in the judgment of the physician, it is essential for the welfare of 
the patient. 

Animal studies indicate that tetracyclines cross the placenta, are found in fetal tissues and 
can have toxic effects on the developing fetus. Evidence of embryotoxicity has also been 
noted in animals treated early in pregnancy. 

The use of Vibramycin Intravenous in children under 8 years is not recommended because 
safe conditions for its use have not been established. 

Tetracyclines are present in the milk of lactating women who are taking a drug in this class. 


Penetrates tissue to 


ible pathogens... 


VibramycinlV. A 


(doxycycline hyclate for i 
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Precautions: Overgrowth of nonsusceptible organisms may occur, including fungi. If such 
superinfections are encountered, discontinue Vibramycin and institute appropriate therapy 

In venereal disease when coexistent syphilis is suspected, a dark -field examination shot 
be done before initiating therapy. Conduct monthly serological tests for at least 4 months. 

Because tetracyclines depress plasma prothrombin activity, patients on anticoagulant 
therapy may require downward adjustment of their anticoagulant dosage. 

In long-term therapy, conduct periodic laboratory evaluation of organ systems, including 
hematopoietic, renal and hepatic. 

Treat all Group A beta-hemolytic streptococcal infections for at least 10 days. 

Avoid giving doxycycline with penicillin because of possible interference with penicillin 
activity. 

Antacids containing aluminum, calcium, or magnesium impair absorption and should no 
be given concomitantly to patients taking oral Vibramycin. 


Adverse Reactions: Anorexia, nausea, vomiting, diarrhea, glossitis, dysphagia, enterocoliti 
inflammatory lesions (with monilial overgrowth) in the anogenital region, maculopapular 
and erythematous rashes, exfoliative dermatitis, photosensitivity, urticaria, angioneurotic 
edema, anaphylaxis, anaphylactoid purpura, pericarditis, exacerbation of systemic lupus 
erythematosus, hemolytic anemia, thrombocytopenia, neutropenia and eosinophilia have 
been reported. Prolonged administration of tetracyclines may produce brown-black 
microscopic discoloration of thyroid glands. No abnormalities of thyroid function studies 
are known to occur. Bulging fontanels have been reported in young infants on therapeutic 
dosage but disappeared when the drug was discontinued. A dose-related rise in BUN has 
been reported. 


Oral Adult and Children’s Dosages: See the Vibramycin Oral package insert for 
recommended dosage schedules for adults and children. 


Intravenous Dosage and Administration: Note: Rapid administration is to be avoided. 
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Tracheoesophageal Fistula 


Following Blunt Trauma 


Joseph G. Artkowiak, MD; Manfred L. Cohen, MD; Armas S. Kyllonen, MD 


Twowatients with tracheoesophageal fistula are reported. The first 
oatient develaped a recognizable fistula two days after a car acci- 
dent. Evidence is strong that the second patient developed his fistula 
*ollowing biurt trauma 24 years previously. Both were cured by sur- 
gical division of the fistula. A review of the literature indicates that 
when this rare cemplication o blunt chest trauma is recognized and 
treated surgically the results are usually successful. 


n the first repcrted case of tracheoesophageal fis- 
tula following blunt trauma in 1936, the patient was a 
young man who was thrown against a steering wheel.' Al- 
chough this type o? trauma is very common today, this 
complication is rare. A number of excellent reports and re- 
views of the subject have been published.*® 


Repcrt of Cases 


Case 1.—A 21-year-cld mar was brought to the emergency room 
at Pittsburgh Hospita. on March 20, 1965. He had been injured in 
a two-car collision and found lying unconscious on the ground. 
Pulse was 120 beats per mnute. His blood pressure remained 
stable. There was subeutaneeus emphysema in his neck. A contu- 
sion over the upoer part of the sternum was noted. Breath sounds 
were decreased over the right side of the chest. Rhonchi were 
aeard over both lung fields. He had lacerations of his face and 
abrasions of the right hand. 

A chest roentgenogram showed a right pneumothorax. No rib 
fractures were seen. 

A ehest tube was inserted on the right side. On bronchoscopy, a 
sear in the trachea was susoected. On the following day a tra- 
cheostomy was done because of the increasing retention of pulmo- 
mary secretions and increased subcutaneous emphysema of the 
neck. A left-siced tube tharacotomy was done because pneu- 
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mothorax appeared on that side. Bronchial or tracheal laceration 
was suspected, but the pneumothorax was satisfactorily managed 
by tube thoracotomy. His overall condition improvec. By March 
23, 1965, the patient was fully conscious. When feedings were be- 
gun, he developed a cough immediately after swallowing. On 
March 25, a nasogastric feeding tube was inserted. On March 31, a 


tear in the membranous portion of the trachea immediately above ~ 


the carina was seen through a bronchoscope. On esophagoscopy, 
soft-tissue injury of the esophagus was noted but the istula open- 
ing was not seen. 

On April 1, a tracheoesophageal fistula was demonstrated by in- 
jecting iodized oil (Lipiodol) into the esophagus through a Levin 
tube with the tip in midesophagus. A gastrostomy was done April 
2, 1965. On April 26, through a right-sided thoracotomy, using the 
fourth interspace, a fistula tract was found between the trachea, 
just above the carina, and the esophagus. Surprisingly, there was 
only minimal mediastinal reaction, and the fistula was isolated 
without difficulty. It measured 8 mm in length and width. The fis- 
tula was divided. The esophageal end was closed with two layers 
of interrupted silk sutures. The trachea was closed transversely 
with interrupted fine wire sutures. Postoperatively, the patient 
did well and was discharged on May 8, 1965. Follow-up roentgen- 
ographic studies showed a small diverticular outpouehing of the 
esophagus at the level of his suture line, but he has not had any re- 
currence of the fistula. tah 


CASE 2.—A 52-year-old man with chronic recurrent pulmonary | 


infections was admitted to Braddock General Hospital on Sept 19, 
1972, because of hemoptysis. He had had several previous hospi- 
talizations because of pneumonia. Although he had a chronic 
cough, it was definitely aggravated by swallowing. Over the years 
he found he could swallow better by lying in certain positions, and 
he avoided eating in public places because of his frequent spasms 
of coughing. 

Past history was significant in that he had a serious head and 
chest injury in an auto accident in 1948. He was semiconscious 
for several days and maintained on intravenously administered 
fluids. Recovery was slow. He dates the onset of his symptoms of 
cough on swallowing to shortly after this accident, and did not 
have any such problem prior to the accident. In 1955, barium stud- 
ies of his esophagus and the upper part of the gastrointestinal 
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Fig 1.—Tracheoesophageal fistula in case 2. 


tract were done. Barium was noted in his bronchial tree. However, 
repeated further attempts to demonstrate a fistula during that ex- 
amination were unsuccessful. It was concluded that he had aspi- 
rated the barium. 

On physical examination his temperature was 37.2 C (99 F); 
pulse, 100 beats per minute; color, good: lungs, bilateral basilar 
rales; heart, regular rhythm, no murmurs; abdomen, normal. His 
hematocrit reading was 48%; hemoglobin level, 15.5 gm/100 ml; 
white blood cell count, 9,200/cu mm. A chest roentgenogram 
showed consolidation and atelectasis of the anterior segment of 
the left upper lobe. Initial bronchoscopy was unsatisfactory be- 
cause of blood in the lower part of the trachea and left stem 
bronchus. After his hemoptysis subsided, bronchoscopy was re- 
peated and an elliptical opening in the membranous portion of the 
trachea 4 cm above the carina was seen. The transverse diameter 
measured 1 cm. On esophagoscopy, a similar opening was seen on 
the anterior wall of the esophagus, 22 cm from the upper incisors. 
Contrast studies of the esophagus also demonstrated the fistula 
roentgenographically but with some difficulty. Initially, diatri- 
zoate meglumine (Gastrografin) passed freely down the esophagus 
without going into the trachea. The fistula was demonstrated by 
thick barium that extruded into the trachea between two esoph- 
ageal peristaltic waves (Fig 1). 

On Oct 2, 1972, under general endotracheal anesthesia that was 
satisfactorily maintained using a long, single-lumen tube, a right- 
sided thoracotomy was done. The pleural space was entered 
through the fifth interspace. The mediastinal pleura was incised 
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Fig 2.—Case 2. Esophagus, A; fistula, B; trachea, C. 


and the fistula tract between the trachea and esophagus was 
rather easily dissected out and divided. The fistula measured 1 em 
in width and about 8 mm in length (Fig 2). The esophagus was 
closed longitudinally with two layers of interrupted silk sutures, 
one in the mucosa and the other in the muscularis. The tracheal 
end of the fistula was sutured transversely with interrupted 3-0 
polyester fiber sutures. A pleural flap was placed over the tracheal 
suture line. 

The patient’s postoperative course was uncomplicated. Six 
months following surgery he had no dysphagia or pulmonary com- 
plaints. He gained weight. His postoperative barium swallow and 
chest roentgenogram were normal. 


Comment 


In a review article in 1970, Chapman and Braun‘ found 
28 reported cases of tracheoesophageal fistula following 
blunt trauma. The most frequent mechanism of injury in- 
volves the driver of a car being thrown against the steer- 
ing wheel. Other types of crush and compression injury 
can also be the cause. All the reported patients have been 
males. Their relatively young age is noteworthy. Rib frac- 
tures frequently are not present. This suggests that the 
elasticity of the chest wall may be a factor in the etiology 
of this rare complication. Cervical subcutaneous emphy- 
sema has almost always been noted. Mediastinal air with 
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cr without pneumothorax is frequently seen. In the typi- 
cal patient the symptom complex of cough immediately 
after swallowing begins three to four days after the in- 


jary. It has been suggested that the delay in onset of 


symptoms occurs beeause initially the injury to the esoph- 
agus involves a splizting of the esophageal muscles with 
interference of the mucosal blood supply.‘ The tracheal 
tear occurs immediately. Necrosis of the esophageal mu- 
cosa fellows with the resulting tracheoesophageal fistula. 
The pathological condition is visualized by bronchoscopy 
and esophagoscopy. Contrast studies of the esophagus 
confirm the diagnosis. In Chapman and Braun’s review, 22 
o? 24 patients who were treated surgically were success- 
fally managed. The patient (case 2) reported here repre- 
sents the longest delay between time of injury and repair. 

Although the typical fistula is located just above the ca- 
rma, two patients with cervical tracheoesophageal fistula 
acter blunt trauma have been reported; one of these was 
thrown against a steering wheel.*° 

Anesthetic managemen: is discussed by Boutros and 
Crosby.* They found it useful to use a double-lumen endo- 
brenchial tube in managing one such patient. Satisfactory 
endotracheal anesthesia was mzintained in both cases re- 
perted here using single-lumen endotracheal tubes. In the 
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second case, the fistula was located 4 cm above the carina 
and a long tube was inserted distally. In the first case, a 
feeding gastrostomy probably aided in keeping the intes- 
tine from overdistending. 
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Repair of Bilateral Hernia 


With Mersilene Mesh 


Behind Rectus Abdominus 


Roy Y. Calne, MA, MS, FRCS 


A technique of bilateral hernia repair is described that depends on 
Mersilene mesh threaded behind the rectus muscles and sutured to 
both pubic tubercles and the anterior superior iliac spines. Thirty pa- 
tients were observed, 26 for more than one year. There was one in- 
fection, six unilateral recurrences, and one bilateral recurrence. The 
method is useful for recurrent bilateral hernias, of which there were 
seven, and for others where difficulty with traditional methods of re- 
pair is anticipated. 


n 1967, I reported a new technique for repair of bi- 
lateral hernias suitable for both varieties of inguinal 
hernia and femoral hernia and especially useful in pa- 
tients with poor abdominal muscles.' A piece of nonyield- 
ing Mersilene mesh, threaded behind the rectus muscles 
and secured firmly to the periosteum of both anterior su- 
perior iliac spines and pubic tubercles, formed the basis of 
the operation. 
Further experience with this technique confirms the ini- 
tial encouraging experience, and some patients have now 
been observed for more than ten years. 


Technique 


Both inguinal canals are opened by incising the aponeuroses of 
the external oblique muscles via a curved suprapubic incision (Fig 
1). Oblique hernial sacs are opened, the contents returned to the 
abdomen, the necks ligated, and the sacs excised. Narrow-necked 
direct and femoral hernias can be similarly managed, but hernial 
sacs with wide necks are not excised. Dissection then continues in 
the extraperitoneal plane on both sides behind the rectus abdomi- 
nus muscle, leaving as much of the fascia transversalis as pos- 
sible, displacing the internal oblique and transversus muscles up- 
ward. A piece of Mersilene mesh, approximately 10x20 cm, is 
soaked in noxytiolin solution, doubled by folding longitudinally, 
and threaded behind the rectus muscles. Care is taken not to twist 
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or ruck the material. Four stay sutures of 0 Mersilene are inserted 
with a fishhook needle through the periosteum of the anterior su- 
perior iliac spines and pubic tubercles (Fig 2). 

The Mersilene fabric is stretched between the anterior superior 
spines to a tension that will allow the material to also be sutured 
to the pubic tubercles. Redundant mesh is excised and a running 0 
Mersilene stitch is used to suture the mesh to the inguinal liga- 
ment, leaving a minimal aperture for the spermatic cord. 

With femoral hernias, the mesh is sutured laterally to the ingui- 
nal ligament and medially to the Cooper ligament, thus closing the 
femoral canal. The Mersilene suture continues between the mesh 
and the posterior layer of the anterior rectus sheath medially and 
the inferior borders of the internal oblique and transversus mus- 
cles and the conjoint tendon superiorly. 

The material now has the appearance of the front of bikini 
swimming trunks held firmly in place by the rectus muscles. The 
operation has, therefore, been nicknamed the “bikini hernia re- 
pair” (Fig 3). 

The external oblique aponeurosis is sutured with chromic catgut 
and the wound is closed without drainage. 


Results 


Thirty operations have been performed since 1963. 
There have been six unilateral recurrences and one bilat- 
eral recurrence (Table). Most of the recurrences have been 
small and symptomless; one has been repaired. One pa- 
tient, however, with bilateral recurrent femoral hernias 
had a sound repair for nine years when she developed a 
pneumothorax followed by a pulmonary embolus and res- 
piratory arrest. Her hernia recurred on the left side and 
further surgery was necessary that involved bowel resec- 
tion; the patient was left with a recurrent hernia and a 
discharging sinus. 

In the early postoperative phase, several patients com- 
plained. of paresthesia in the region of supply of the lat- 
eral cutaneous nerve of the thigh, and one patient had a 
well-marked neuralgic paresthesia that resolved sponta- 
neously after some months. This complication is presum- 
ably the result of a Mersilene suture in the region of the 


o 


Repair of Bilateral Hernia/Calne 





Fig 1. —Incision through skin and external oblique aponeuroses. 


Fig 3.—Mesh suturec laterally to inguinal ligament and medially 
to Cooper ligament. Suturing eontinued medially between mesh and 
posterior layer cf anterior rectus sheath and superiorly to trans- 
versus and internal ob ique muscles. 
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Fig 2.—Mersilene mesh threaded behind rectus muscle. Four stay 
sutures in anterior superior spines and pubic tubercles. 
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Data on 30 Bilateral Hernia Repairs 


Patient No. / Date of Special Operative 
Age, yr/Sex Operation Points 





1/61/M Bilateral direct recurrent inguinal April 11, 1963 No inguinal ligament on Right, satisfactory; left, small recur- 
hernias (5 previous hernior- left (mesh sutured to rence after 16 mo controlled with 
rhaphies) fascia lata) truss; recent development of inci- 


sional hernia lateral to right her- 
niorrhaphy scar 


2/62/F Bilateral recurrent femoral her- Aug 28, 1963 Mesh sutured to Cooper Repair sound until February 1972, 
nias (previous repair of ingui- ligament; redundant skin when developed pneumothorax, 
nal hernia) excised 


pulmonary embolus, & respiratory 
arrest; inguinal hernia recurrence 
on left; further left femoral her- 
niorrhaphy with bowel resection; 
now discharging sinus on left 


3/66/M Bilateral direct inguinal hernias Oct 18, 1963 Repair combined with lapa- Died from carcinoma of stomach July 
rotomy and appendectomy 12, 1966 with no recurrence of 
hernias 


4/72/M _ Bilateral direct and left oblique May 23, 1966 Bladder diverticulum in left November 1973, wound healed; some 


inguinal hernias direct hernia excised at weakness in both inguina! regions 
the time of herniorrhaphy; but not true hernias 
infection of mesh; mesh 
s removed Aug 15, 1968 
5/59/M_ Bilateral oblique inguinal her- July 22, 1966 EA No recurrence when examined 714 
nias (left sliding) yr after operation; does heavy work 
as a farmer 
6/66/M Bilateral recurrent direct ingui- Dec 12, 1966 he. < No recurrence when examined 7 yr 
nal hernias (2 previous oper- after operation 
ations) 
US of. st a gr ee LS E, 
7/44/M Bilateral direct and left oblique Jan 16, 1967 “Pe No recurrence when examined 634 
inguinal hernias yr after operation 


rr 


8/66/M Bilateral direct inguinal hernias Feb 2, 1967 ie No recurrence when examined 634 
yr after operation 


rr N E 


9/53/M Bilateral oblique inguinal her- March 2, 1967 Be" No recurrence when examined 614 
nias (left sliding) yr after operation 
a S E E AN E 
10/69/M Bilateral oblique inguinal her- Aug 25, 1967 Chronic bronchitis and dia- Died from ischemic heart disease 
nias (sliding) betes Nov 7, 1971 with no recurrence of 
hernias 
11/63/M Bilateral direct inguinal her- Oct 1, 1967 we Postoperative recovery complicated 
nias (left sliding) by left-sided neuralgia paresthesia 


that resolved spontaneously; no 
recurrence of hernias 614 yr after 
operation 


12/61/M Bilateral direct inguinal hernias Oct 23, 1967 wa Postoperative deep vein thrombosis 
& pulmonary embolus; recurrence 
of right-sided hernia after 5 mo 
controlled with truss; otherwise 


well 
13/74/M Bilateral indirect inguinal her- Jan 1, 1968 aes Died 18 mo after operation from 
nias (left sliding) aortic stenosis; no recurrence of 
hernias 
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Data on 30 Bilateral Hernia Repairs—(Continued) 








Patient No. / Date of Special Operative 
Age, yr/Sex Diagnosis Operation Points Follow-up 
14/69 4M Bilateral recurrent inguinal her- May 9, 1968 ie Y No recurrence when examined 514 
nias yr after operation 
15 /64/M Bilateral indisct inguinal hernias Sept 19, 1968 tye No recurrence when examined 534 
yr after operation 
15/70/M Bilateral direct irgu nal hernias; Nov 15, 1968 Operated under spinal an- Died 4 yr after operation from 
add tional ndirect hernia on esthesia due to chronic bronchopneumonia; no recurrence 
left bronchitis of hernias 
17/61/M Bilateral indirect inguinal hernias May 5, 1969 Ken Hernia recurred after 1 and 2 yr on 
both sides; lifts heavy sacks at 
work; managed with a truss 
18/55/M Bilateral direct recurrent ingui- March 6, 1970 Retropubic prostatectomy No recurrence when examined 314 
nal hernias43 previous her- at same operating session yr after operation 
nior-haphies) 
12/38/M 3ilateral recurent inguinal her- March 26, 1970 tua No recurrence when examined 314 
nias; right indirect, left direct yr after operation; lifts heavy 
(4 previous hernicrrhaphies) weights 
20/39/™M Recurrent direct inguinal her- Sept 3, 1970 No inguinal ligaments re- Left side sound; small recurrence 
nias (6 prew ous herniorrha- : maining on either side; on right repaired Jan 17 1974 
phies: 4 on ft. 2 on right) mesh sutured to scar 
tissue 
21/65/M Bilateral inguinal hernias; left Oct 23, 1970 EnA No recurrence when examined 3 
indirect, rigFt direct yr after operation 
22/52/M Bilateral directinguinal hernias Feb 11, 1972 Bad No recurrence when examined 18 


mo after operation 


23770/M Bilateral directinguiral hernias Feb 18, 1972 eed Right side sound; small recurrence 
(right recurrent) on left when examined 18 mo 
after surgery 


24°68/M Bilatera direct and indirect in- July 7, 1972 erh No recurrence when examined 15 
guinal hernias mo after operation 
25/66/M Bilateral direct nguinal hernias Oct 23, 1972 R. Left side sound; small direct recur- 


rence on right 1 yr after operation 


26,77/M _ Blateralindirect irguinal hernias Feb 12, 1973 en No recurrence when examined 7 
(left sliding) mo after operation 
27 /35/M Bilateral oblique inguinal hernias Dec 3, 1973 ee No recurrence when examined 2 


mo after operation 


28/50/M Bilateral direct ecurrent ingui- Dec 7, 1973 nas No recurrence when examined 2 
nal hernias, left sliding (4 pre- mo after operation 
vious hernior thaphies, 2 on 
each side) 

29/59/M Bi ateral direct inguinal hernias Jan 29, 1974 EF No recurrence when examined 2 


mo after operation 


30/53/M Bilateral nguine hernias; left March 14, 1974 wk No recurrence when examined 6 
oblique, rightadiract weeks after operation 
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anterior superior iliac spine being pulled too tightly. 

Three patients died between 18 months and four years 
after operation from causes unrelated to the hernia and 
without recurrence of their hernias. In one patient a blad- 
der diverticulum was excised at the time of the hernia re- 
pair. The wound became infected and the mesh was re- 
moved two years later. Five years later, the wound was 
well healed. There was some weakness in both inguinal re- 
gions but no true recurrent hernias. One patient had a 
retropubic prostatectomy at the time of bilateral hernior- 
rhapy; he made an uneventful recovery. 

When reviewed in the follow-up clinics, the majority of 
patients were highly satisfied with their operations. Sev- 
eral pointed out that the lower abdominal region was 
much flatter than before operation, but after a big meal 
they tended to bulge in the upper part of the abdomen. 
This, however, did not cause any unpleasant symptoms. 


Comment 


The large number of operations recorded in the litera- 
ture for the repair of hernias testify that it is difficult to 


_ obtain satisfactory results in all cases. In particular, large 
bilateral hernias that may be recurrent can pose a techni- 


cal trial to the surgeon, especially in elderly patients. The 
advantage of the technique described here is that the 
strong Mersilene fabric is secured to nonyielding bony 


points and firm fascial tissue. A special feature of this op- 


eration is that the fabric is held taut behind the rectus 
muscles and any contraction of the rectus muscles in- 


creases the tension in the Mersilene mesh protecting the 
repair. — 


The number of patients treated with this operation is 
small. The follow-up extends to beyond ten years. 


_ ‘Twenty-six patients were operated on more than a year 

ago. Many of the patients were elderly and previous at- 
- tempts at surgical repair of their hernias had been made. 
There were seven sliding hernias. In this type of patient, 


the abdominal wall musculature and fascia tends to be of 
poor quality and, particularly after previous surgery, the 
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inguinal ligaments may have been damaged. Most stan- 
dard operations have a relatively high recurrence rate in 
this type of case. There have been numerous descriptions 
of repairing such hernias with nonabsorbable synthetic 
fabric, and operations using Mersilene mesh are often sat- 
isfactory. When the hernias are bilateral, the utilization of 
the retrorectus technique with one piece of synthetic fab- 
ric stretched behind the rectus muscles would seem to be 
an advantage. Complications have been relatively few and 
not serious. 

I found this technique especially useful for treating bi- 
lateral inguinal hernias that would appear, on clinical 
grounds, to be difficult to repair by conventional tech- 
niques, ie, large hernias, those that are likely to be sliding, 
hernias in patients with poor abdominal musculature, and - 
hernias that have recurred after previous surgery. I would 
not recommend the insertion of Mersilene mesh in pa- 
tients who have small bilateral hernias and good abdomi- 
nal muscles, in whom standard techniques would be ex- 
pected to get satisfactory results. ? 


Summary 


This is a follow-up of a technique for bilateral hernia re- 
pair suitable for both inguinal and femoral hernias, de- 
pending on Mersilene mesh threaded behind the rectus 
muscles and sutured to both pubic tubercles and anterior 
superior iliac spines. The procedure has resulted in sound 
repairs of hernias that would otherwise have been diffi- 
cult to deal with surgically and the benefit has been long- 
term in a number of patients. 


Figures 1 and 3 are reproduced from the British Journal of Surgery 
(54:917-920, 1967). 

Marian Allen, MMAA, executed the drawings with the assistance of the 
ne of Medical Illustration, Addenbrooke’s Hospital, Cambridge, 
England. 
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Immobility, Hypoxemia, and 
Pulmonary Arteriovenous Shunting 


Jefferson F. Ray III, MD; Leon Yost; Sha Moallem, MD; George M. Sanoudos, MD; 


Physiologic and pathologic effects of a systematic regimen of 
movement were compared with immobility in anesthetized, over- 
hydrated dogs. immobile animæs suffered early loss of oxygenating 
capability of the eepencent luag that developed extensive atelec- 
tasis, hemorrhage, and pulmonary edema. A regimen of movement 
to alternate iatera: positions every 30 minutes preserved oxygen- 
ating ability of botn lungs, while hourly changes restored lost func- 
tion and minimized the extent of pathologic findings in random 
zones of the lungs. 

Active regimens of movement were observed to prevent or relieve 
the arteriovenous shunting in patients. Pathophysiology was exag- 
gerated in the dependent lung and reduced by change to the alter- 
nate position: Immobility, a critica’ factor in the genesis of hypox- 
emia, must be replaced Ly planaed, systematic antigravity changes 
in position to maintain optimal lung mechanics and airway resistance 
and to prevent wasted work of he heart. 


fame: relationships ef intraoperative and postoperative 
patient immobility to changes in arterial oxygen 
pressure (Pao,), to dagrees of pulmonary arteriovenous 
shunting, and to respiratory failure have been investi- 
gated sporadica ly but scaatily. Ries, in 1899, cited the 
benefits of mobilizing patiemts soon after operation for its 
demonstrated clinical benefits.: Berggren showed in 1942 
that Pao, declined and pulmonary arteriovenous shunting 
increased in immobilized healthy young men. Clauss et al, 
in 1968, showed that passive movement immediately after 
operation raised Pao, but they did not describe whether 
improved Pao. could be mamntained.* 

Overhydration of surgical patients contributes to in- 
creased pulmonary artericvenous shunting, decreased 
Pao., and bilaterally cpacified lung parenchyma, referred 
to by Moore et al as posttraumatic pulmonary insuffi- 
ciency. 

Investigation in nin2 dogs and two patients was carried 
out to discover wnether a regimen of systematic mobiliza- 
tion could raise Pao, anc maintain it despite over- 
hydration with irtravenous erystalloid. The overhydration 
was planned in the animal experiments, but was a mishap 
of therapeutic inzent in the management of two patients 
studied. 
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Methods 


Dog Studies.-Nine dogs (17 to 22 kg) were anesthetized with 
pentobarbital sodium (5 mg/kg) intravenously, at a level retaining 
inner canthus reactivity. Ventilation was effected with an animal 
respirator and exhalation was “retarded” against 4 em H,O pres- 
sure. Limited bilateral fourth intercostal space thoracotomy inci- 
sions allowed exposure and nonobstructing peripheral cannulation 
of both superior lobe pulmonary veins with polyethylene 240- 
gauge tubing. Polyethylene 240-gauge catheters were placed into 
the aorta and right atrium via the femoral artery and vein, re- 
spectively, for pressure determinations and blood samples. 

Serial monitoring of oxygen pressure (Po.), carbon dioxide pres- 
sure (Pco,), and pH of pulmonary venous, systemic artery, and 
mixed venous blood was performed concurrent with graded over- 
hydration with lactated Ringer solution by infusion of approxi- 
mately 25% of estimated extracellular fluid volume per hour over 
the six- to eight-hour experimental period. Arteriovenous shunt 


- calculations were made with the shunt formula of Berggren.’ 


The animals were placed into three experimental groups as fol- 
lows: group 1 (control), three dogs kept in one lateral position for 
six to ten hours; group 2, three dogs moved every 30 minutes to al- 
ternate lateral positions; and group 3, three dogs moved hourly to 
alternate lateral positions. 

Blood gas, pH, and pressure recordings were made every half 
hour in unmoved animals and, in the others, five minutes before 
and five minutes after turning. Linear graphs were constructed 
during the course of each study. At the conclusion of each experi- 
ment an overdose of pentobarbital sodium was injected as a bolus, 
and the lungs were excised, drained of blood, photographed, de- 
scribed, and weighed. Distal catheter position in pulmonary veins 
was verified in all postmortem specimens. Light microscopical 
studies were made and will be the subject of another report. 

Patient Studies.—Two patients were studied. 

PATIENT 1.—A 45-year-old woman developed peritonitis and in- 
testinal obstruction soon after total abdominal hysterectomy. In 
the fourth postoperative day, severe respiratory distress and bi- 
laterally opacified lung fields believed due to aspiration pneu- 
monitis were treated by tracheostomy and antibiotics, without im- 
provement. Arterial and venous blood gas determinations and 
shunting calculations were made from hospital days 8 through 12, 
during which time a strict regimen of half-hourly turning greatly 
reduced the percentage of pulmonary arteriovenous shunting. 

PATIENT 2.—A 49-year-old man was studied coincident with un- 
complicated Belsey Mark IV repair of hiatus hernia. At operation, 
the left lower pulmonary vein was catheterized with a polyethyl- 
ene 240 catheter that was brought out through the incision. The 
patient received 2,500 ml of lactated Ringer solution at operation. 
Postoperatively, pulmonary vein, central venous gas, and arterial 
blood gas studies were carried out with the patient in alternate 
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Fig 1.—Differential pulmonary venous oxygen pressure (open cir- 
cles, left upper lobe; solid circles, right upper lobe) and increased ar- 
teriovenous shunting (triangles) in lungs of anesthetized over- 
hydrated dog immobilized in right lateral position. Compare with 
function in moved dog (Fig 3) and patient (Fig 9), and in clinical 
posttraumatic pulmonary insufficiency (Fig 8). 


Fig 2.—Up lung (light-colored) is aerated and spongy, and was 
only half the weight of down lung (dark). 





lateral positions. The patient made an uneventful recovery and 
was discharged from the hospital on the seventh postoperative 
day. 


Results 


Animal Studies.—In no animal did the central venous 
pressure rise above 9 em H,O. 

Figure 1 depicts the study of a dog from group 1, the 
immobile group. In this 20-kg dog in the lateral position, 
the “up” lung continued to perform acceptable oxygen- 
ation, as evidenced by pulmonary venous oxygen pressure 
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Fig 3.—Crisscross lines of pulmonary venous oxygen pressure 
(Ppvo.) in up and down lobes (open circles, left upper lobe; solid cir- 
cles, right upper lobe) of lungs of dogs turned at hourly intervals 
demonstrate that arteriovenous shunting of down lung is reduced 
by change in position. 


Fig 4.—Lungs of dog moved from one true lateral position to 
other at hourly intervals. Note that medial segments of diaphrag- 
matic aspects of lower lobes (consistently exposed to lesser he- 
modynamic pressures) are better aerated than lateral aspects of up- 
per lobes. 





(Ppvo,) above 55 mm Hg in the experiment. In contrast, 
its anatomic counterpart, the upper lobe of the “down” 
lung had a steep fall of oxygenating ability (Ppvo., 32 mm 
Hg) by hour 3 of the experiment. Peripheral Pao, was 58 
mm Hg at this third hour and was 43 mm Hg at the sixth 
hour. 

Pulmonary arteriovenous shunting reached 40% by hour 
41% of the experiment. Weight of up lung at the end of the 
experiment was 90 gm. The down lung weighed 180 gm, 
and grossly there was subpleural hemorrhage and atelec- 
tasis (Fig 2). 

In Fig 3 is depicted the course of a 16-kg dog from 
group 3, moved at hourly intervals. The down lung was 
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Fig 5.—Arteria oxygen pressure (crosses) and Ppvo, of upper 
lobes(opermcircles, left upper obe; solid circles, right upper lobe) of 
both lungs of dogs turned every half hour demonstrate excellent 
function without shunting (triangles). 


Fig 7.—Froth exuding from trachea of anesthetized overhydrated 
dog. Endotracheal tube (cuff deflated) visible in transected trachea. 
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consistently resuscitated from effects of overhydration 
when given an ap position as shown by the six perfectly 
inzersecting lines of Ppvo, obtained simultaneously from 
down and up lungs. The lang moved to the up position 
showsimprovement in oxygenating ability in minutes and 
thereafter somezimes impreved and sometimes worsened. 
The Pao, was 8C mm Hg at hour 3 and was 68 mm Hg at 
the end of the experiment. 

Pulmonary arteriovenous shunting remained below 30% 
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Fig 6.—Lungs of anesthetized overhydrated dog turned at half- 
hour intervals are generally well aerated. Atelectatic areas (dark) 
are neither large nor confluent. 


Fig 8.—Improved Pao, (crosses) and decreased arteriovenous 
shunting (triangles) between days 8 and 11, in response to frequent 
turning of postoperative patient with pulmonary insufficiency, per- 
mitted FIO, (Fraction of inspired oxygen [dotted areas] to be low- 
ered). 


e Cumulative 
fluid balance, 





Pulmonary arteriovenous shunting, % 


7 8 9 10 11 12 
Days postoperative 


throughout the experiment. Postmortem lung weights 
were 175 gm (left) and 122 gm (right). As seen in Fig 4, 
the lungs suffered from scattered areas of atelectasis and 
subpleural hemorrhage. A clear-cut down lung, (as seen in 
the immobile dog, Fig 2) cannot be identified, however 
(Fig 4). | 

Figure 5 illustrates a study of a 19-kg dog from group 2, 
moved at half-hourly intervals. The slope of the Pao, rises 
despite vigorous overhydration; Pao, was 120 mm Hg at 
hour 9 of the experiment. (Intersecting up-and-down 
Ppvo, lines, as seen in Fig 3, were not obtained.) 

Pulmonary arteriovenous shunting was reduced to nor- 


‘mal physiologic levels by frequent turning. Right lung 


weight at postmortem was 200 gm and left lung weight 
was 240 gm. Pathological changes appeared to be scat- 
tered randomly (Fig 6). The trachea contained froth (Fig 
7, pulmonary edema) despite the high Pao, achieved near 
the end of the experiment. 

In dogs of all groups, the paratracheal lymph nodes 
were dramatically engorged and succulent, and subpleural 
lymphatics were prominent. 
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Hours after arrival in recovery room 
Fig 9.—Pulmonary venous oxygen tension from catheter posi- 
tioned in lower lobe vein at left thoracotomy for hiatal hernior- 


rhaphy (circles). Quality Pao, was achieved in up position, hours 3 to 
4, despite restrictive ventilation of pain and trauma. 


Patient Studies.-The pulmonary arteriovenous shunting 
of patient 1 decreased during the vigorous turning regi- 
men, falling from 34% to 12%. The Pao, climbed from 50 to 
93 mm Hg as inspired oxygen concentration was lowered 
from 70% to 40% (Fig 8). 

Figure 9 demonstrates effects of turning to alternate 
positions after elective thoracotomy for nonpulmonary 
surgery. With the lung of the operated side up, Ppvo, was 


___ higher than when down. In the up position, the lung of the 





nonoperated side performed even better. 
Comment 


In normal lung function, the bellows motions of the 
chest wall and diaphragm maintain external gas ex- 
change. Vasomotion of capillary mesh abets internal gas 
exchange across alveoli, interstitial tissue, and capillaries. 
Nonerect mammals have alveoli appearing to be the same 
size throughout the lung. In man in the erect position, al- 
veoli decrease in size from apex of lung to the base.’ In 
lateral position, dependent alveoli are smaller than those 
in nondependent locations. In primates in the head-down 
position, the anatomic apex functioning as a base has rela- 
tive overperfusion and underventilation; gas exchange in 
the now-superior lung zones is benefited by relative over- 
ventilation and underperfusion.** Conclusively, position 
of the body does affect distribution of pulmonary blood 
flow, ventilation, alveolar size, and arterial oxygenation. 

West’s concept of the accumulation of pulmonary inter- 
stitial edema in ever-increasing amounts in dependent 
portions of lungs is proposed to account for arterial hypox- 
emia observed in the aging, the supine, the anesthetized, 
and the unmoving and unmoved medical and surgical pa- 
tients.’"® Overhydration and immobility in our dogs and 
in our patients led to pulmonary interstitial edema and re- 
sultant arteriovenous shunting with blood flowing past 
alveoli that were closed or defunctionalized by marked 
interstitial edema, or both, causing hypoxemia. The thera- 
peutic consequences on Pao, demonstrated by frequent 
movement permits the inference that the prime mecha- 
nism is gravitationally induced interstitial fluid accumula- 
tion, with or without alveolar closure." Interstitial edema 
occurs first in dependent zones of the lung; later the full- 
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blown picture of bilaterally opacified lung fields occurs. 
These clinical syndromes have been considered due to ven- 
tilation-perfusion imbalance, fat embolism, intravascular 
coagulation, arteriolar and venular vasoconstriction, non- 
colloid fluid overload, pulmonary surfactant alterations, 
oxygen toxicity, lack of intraoperative “sighing,” hypoal- 
buminemia, respiratory damage, and silent aspiration. 

West has postulated that perivascular edema causes 
diminution of blood flow, but other workers showed that 
basilar flow remained high despite accumulation of inter- 
stitial fluid.’*"’ It is exactly this high basilar flow past in- 
terstitially edematous alveoli that creates arteriovenous 
shunting, which, unless reversed, leads to patient death. 

Wahrenbrock et al: observed higher mortality in 
anesthetized and unmoved dogs than in dogs turned every 
90 minutes. In shock lung studies, Bryant et al'® and Low- 
ery et al” observed severe focal, interstitial, and alveolar 
edema and hemorrhage to be greater in dependent por- 
tions of the lungs. 

Sugg et al” noted absence of hypostatic pathohistologic 
changes in autotransplanted lungs and attributed this to 
severed brain-lung neuronal connections. We offer an al- 
ternative explanation: a unilateral lung operation is gen- 
erally performed in the up hemithorax, and it is our obser- 
vation that the up lung always fares better than the 
dependent lung. 

Reed and Wood,” using radioactive microsphere emboli 
to lungs of dogs in various positions, determined that pul- 
monary blood flow was least in the nondependent or up 
area and most in dependent regions, irrespective of posi- 
tion of the dog. Vandenberg et al” subjected dogs to 5 to 7 
g acceleration (gravity forces), and demonstrated 95% ar- 
teriovenous shunt in the dependent portions of the lung in 
120 seconds. Then the amount of shunting decreased, evi- 
denced by increasing Po, arterial blood. This was inter- 
preted as redistribution of blood away from the depen- 
dent zones by vasoconstriction and displacement to more 
centripetal sites, agreeing with West et al” (see above). 

The roentgenographic study by Craig et al“ of 101 pa- 
tients subjected to thoracotomy in the lateral position 
found 20 patients who developed abnormal peripheral 
opacification in the contralateral (down) lung. Clearance 
of this contralateral opacification occurred in minutes to 
three weeks. The similar study by Lambert et al showed 
that such roentgenographic densities began to clear 
within the minute of turning the patient from the lateral 
to the supine position.” 

Kazemi et al studied 15 patients on the sixth day after 
myocardial infarction without complications. Xenon 133 
scans with patients in the erect position showed decreased 
perfusion at the lung bases. Patients with angina pectoris 
showed less severe reduction of basilar lung flow. It is rea- 
sonable to infer that basilar interstitial edema was more 
severe in patients after myocardial infarction than in pa- 
tients with angina pectoris. Pharmacologic assistance 
may aid cardiac and pulmonary function.?™?8 

Wilson et al studied patients after shock or trauma 
and showed that the earliest indication of pulmonary ven- 
tilation perfusion imbalance was obtained through the 
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monitoring of Gegree of arzeriovenous shunting. Eight pa- 
tents had “normal” arterial blood gas levels and yet had 
shunting exceeding 40% of the cardiac output. These au- 
thors noted that arterial C, saturation showed poor corre- 
lation with clinical outcome of patients studied, whereas 
tne degree of pulmonary arteriovenous shunting had a 
high degree of correlatior with the clinical outcome. The 
smallest shunt noted was 15% of cardiac output. Twenty- 
one patients had a shunt of 40% to 50% with a 70% death 
rate, while eight of nine patients with shunt over 50% died 
(39% mortality). 

Immobility in sick med cal and surgical patients, com- 
pounded through hours, days, and nights leads to increas- 
ing degrees of arterioveneus shunting (regional hypoven- 
filation and perfusion), “unctional changes in air flow 
(external) and gas transport (internal), and progressive 
pulmonary insufficiency. Æ planned systematic regimen of 
antigravity movement ky attendants or with an os- 
cillating bed may be expected to result in prevention of 
the clinical sequence resulting from increasing degrees of 
interstitial edema formaczion, at first insidious, then le- 
thal Improved pulmonary lymphatic clearance of exces- 
sive interstitic] fluid maiatains nearer-normal negativity 
ef pulmonary interstitial pressure and intrapleural pres- 
sure. prevents interstitial edema, and allows optimal red 
blood cell exposure to the oxygen molecule by promoting 
eptimal alveolocapillary geometry. The resultant low lung 
weight and lung water content retains normal lung me- 
chanics (viseoclastic properties) without excessive work of 
breathing or wastec right-sided and left-sided heart work. 
The absence of abnormal arteriovenous shunting main- 
-ains Pao, at physiologic levels. 
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Editorial Comment 


This article restates persuasively how dangerous immobility is 
and how effective preventive mobilization is. 

The importance of immobilization has been part of medicine’s 
body of knowledge for many, many years and can be accepted as 
fact. As with any fact, if not restated from time to time, it tends 
to be forgotten. 

A restatement of the importance of mobilization is necessary, 
particularly with respect to patients in the intensive care unit. 
The modern intensive care unit is often viewed as the domain of 
technology. The patient is surrounded by complex devices ranging 
from mechanical ventilators to monitoring equipment. Many in- 
tensive care units provide a central command post that permits 
the intensive care unit nurse to monitor the oscilloscopic tracing 
from many patients at one time. Some units even provide closed 
circuit television. Such abundance of technology is referred to at 
times, with misplaced pride, as electronic nursing. 

We should add something else to the perspective, namely the 
very high cost of patient care in the intensive care unit. Every 
hospital administrator must find the personnel requirements for 
such units absolutely staggering and to be resisted. 

There may be a fine irony in the observation made again in this 
article that our advanced knowledge and technology by them- 
selves cannot save the patient. Instead, something so simple as 
turning the patient from supine to lateral to prone to lateral, at 
least hourly, may make the difference between living and dying 
for the intensive care unit patient. 

HENRIK H. BENDIXEN, MD 
New York 
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Experimental Unassisted 
Right Brachial-to-Femoral Bypass 


An Adjuvant During Aortic Cross-Clamping 


Alan C. Leshnower, MD, Harris B Shumacker, Jr., MD 


This study was devised to investigate the efficacy of the simplest 
possible shunt in the prevention of difficulties resulting from tho- 
racic aortic cross-clamping, utilizing peripheral arteries without 
pump or general heparinization. Controls subjected to one hour’s 
double aortic clamping (just beyond the origin of the subclavian ar- 
tery and just above the diaphragm) were all paraplegic, each showed 
an early rise in blood urea nitrogen (BUN) level, and none survived. 
In contrast, either a polyethylene tube shunt from the right brachial 
artery in the antecubital fossa to the common femoral artery or one 
constructed by suturing a Dacron graft to incisions at these sites 
prevented death, substantial rise in BUN level, and paraplegia. Free 
unassisted right brachial-to-femoral shunts in the dog appear to of- 
fer good protection against double clamping of the thoracic aorta for 
an hour. 


ies concept has generally been held that some type of 
shunting of arterialized blood into the distal arterial 
tree (or in the earlier years, general body hypothermia) 
serves as a valuable adjuvant in reducing the likelihood of 
paraplegia following operations on the descending tho- 
racic aorta necessitating aortic cross-clamping. Though 
this position has recently been challenged by Crawford 
and Rubio,’ most surgeons have felt obligated to employ 
such adjuvants in the hope of providing the patient with 
maximal security against this devastating complication. A 
variety of methods have been utilized in experimental 
studies and clinical usage. Of these, the most widely em- 
ployed have been closed pump-controlled left atrial-fem- 
oral bypass and femoral-to-femoral or iliac-to-iliac partial 
cardiopulmonary bypass. Though these and other methods 
have been used with reasonable success, the search for 
better and simpler methods justifiably continues. The 
present study deals with experimental observations on 
free unassisted closed right brachial-to-femoral arterial 
shunts. 

One of the methods investigated rather thoroughly in 
the early experiments reported by King and Shumacker? 
utilized a closed pump-controlled bypass from the right 
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brachial artery to a femoral artery in heparinized dogs. 
Fourteen of the 17 control animals in which the aorta was 
occluded for one hour just beyond the point of origin of 
the left subclavian artery and just above the diaphragm 
died within a few hours, two survived but were paraplegic, 
and only one lived without paraplegia. In marked con- 
trast, eight of the nine dogs in which a brachial-femoral 
shunt of from 5 to 50 ml/kg/min lived following a similar 
period of double aortic cross-clamping and had no neuro- 
logic sequels. A single exceptional animal died from an in- 
trapleural hemorrhage 24 hours after operation. He was 
not paraplegic. The mean pressures in the distal aorta in 
dogs during such bypass were 15 mm Hg wita 5, 28 mm 
Hg with 15, 33 mm Hg with 30, and 40 mm Hg with 50 ml 
flow per kilogram per minute. 

Included in this report was one clinical case in which the 
same method was employed, a 30-year-old man whose 
traumatic descending thoracic aneurysm had been identi- 
fied elsewhere by thoracotomy ten years following an au- 
tomobile accident. The aneurysm was excised and a plastie 
graft inserted using a measured pump flow of 15 
ml/kg/min during the hour the aorta was occluded. Dur- 
ing this time the radial artery pressure did not rise appre- 
ciably, and the dorsal pedal arterial pressure ranged be- 
tween a mean of 60 and 75 mm Hg. Renal function, 
measured by p-aminohippuric acid and inulin excretion, 
decreased profoundly during the hour but rose promptly 
immediately afterwards. The patient recovered unevent- 
fully without any evidence of renal injury or neurologic 
damage. We have found no other case reported of use of a 
similar pump-controlled brachial-femoral bypass and none 
of a free unassisted brachial-to-femoral shunt. 


Materials and Methods 


Mongrel dogs of average size were anesthetized with intrave- 
nously administered thiopental sodium. Tracheal intubation was 
carried out, and mechanical ventilation with room air was main- 
tained with a mechanical respirator. Small plastic cannulas were 
introduced into the left brachial and femoral arteries for mea- 
surement of blood pressure. Intercostal space incisions were made 
in the fourth and ninth interspaces and the aorta dissected free 
for subsequent cross-clamping just below the point of origin of the 
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Fig 1.—Average brachial and femoral pressures before, during, 
and after ane hcur of double thoracic aortic cross-clamping, omit- 
fing values in the one exceptiona animal in which the femoral pres- 
sures remained unusually high. Arrow pointing up signifies moment 
ef aortic clamping; arrow pointing down, moment of removal of aor- 
fic clamps. 


Eft subclavian artery and just above the diaphragm. 

In the control animals the aorta was doubly cross-clamped at 
these levels fer cme hour. In six experimental dogs a polyethylene 
tube 3 mm in diameter and from 36 to 40 cm in length was filled 
with lactated Ringer selution containing 0.5 ml of heparin sodium 
(1,000 units/ml), inserted ino the proximal right brachial and 
femoral arteries through smell transverse arteriotomies, and se- 
eared in place with ligatures. Nc other heparin was given. In an- 
other five experimental animal an ultralightweight DeBakey 
Dacren knitted craft of simlar length was sutured end-to-side 
with a 5-0 Dacron arterial suture to incisions in the brachial and 
femoral arteries. These animals reeeived no heparin. In four in- 
stances the graft was E mm ia diameter and in one it was 6 mm. 
Ia beth experimental groups the brachial-femoral shunt was 
opened as soon zs the thoracic aorta was doubly cross-clamped. 
The shunt was stopped immediately at the end of an hour when 
the thoracic aort.c clamps were removed. In each case, brachial 
aad femoral meen pressures were recorded before the thoracic 
gerta was clamped, immediately on clamping the aorta, each 15 
minutes thereafter during the time the aorta was occluded, and 
once again I5 mirutes efter release of the aortic occlusion. At the 
end of each experiment. the brachia and femoral arteries were li- 
gatedroxima. aad diszal to the sites of introduction of the can- 
nalas er grafts am all the incisions were closed. The blood urea ni- 
trogen (BUN) level was determined on the first and fifth 
pestoperative days in all the animais which survived. 


Results 


Allof the small group of control animals were paraple- 
gic immediately on completion of the operation and they 
died within two days. The BUN level ranged from 40 to 69 
mz/100 mlr the first postoperative day. One dog, which 
fared no betzer than the others postoperatively, main- 
tained, for some unexplained reason, a rather high fem- 
oral pressure during the period of aortic cross-clamping. 
In this unusual ease the mean blood pressure ranged from 
40 to 84 mm Hg through the first. 45 minutes and then fell 
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Fig 2.—Average brachial and femoral pressures before, during, 
and after one hour of doubly clamping descending thoracic aorta in 
dogs with polyethylene right brachial-to-femoral shunt. 
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Fig 3.—Average brachial and femoral pressures before, during, 
and after one hour of doubly clamping descending thoracic aorta in 
dogs with Dacron right brachial-to-femoral shunt. 


to 8 mm Hg at the end of the hour. It rose only to 39 mm 
Hg 15 minutes later. The other control animals had very 
low femoral pressures during the period of double aortic 
cross-clamping (Fig 1), the values ranging from 0 to 9 mm 
Hg and the average values from 2 to 5 mm Hg. None of 
the animals could stand after recovery from anesthesia; 
they did not eat, and autopsy showed necrosis of intes- 
tines and kidneys. 

In contrast, the experimental group did well. All 11 sur- 
vived and seemed well recovered from the operative proce- 
dure the next day. None was paraplegic. None had signifi- 
cantly impaired renal function as judged by the BUN 
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. 4 level, which ranged from 13 to 26 mg/100 ml on the first 


and from 14 to 19 mg/100 ml on the fifth postoperative 
day. Postmortem examinations carried out at the time of 
killing revealed findings that were considered to be within 
the normal limits. 

There was no clear-cut difference in mean femoral pres- 
sures during the hour of cross-clamping between the dogs 
with the polyethylene shunts and the Dacron graft shunts 
(Fig 2 and 3). The former maintained mean femoral pres- 
sures during the period of aortic cross-clamping that 
ranged from a low of 20 to a high of 50 mm Hg. The aver- 
age of all was 32.5 ml or 28.5% of the preclamping femoral 


pressure. Those with Dacron grafts had a similar vari- 


ation. One exceptional animal’s femoral pressure fell to a 
low of 6 mm Hg while, on the other hand, another animal 
maintained a pressure that on one occasion was as low as 
38 mm Hg but was generally higher and at the end of the 
hour was 82 mm Hg. The average for all was 27 ml or 
21.5% of the average preocclusion femoral mean pressure, 
Despite the variation in femoral pressure from one animal 
to another, all of the dogs recovered promptly without 
paraplegia or substantially elevated BUN levels. 


Comment 


The marked difference in the small group of control ani- 
mals with the thoracic aorta doubly cross-clamped for one 
hour, all of which developed paraplegia and died within 
two days with elevated BUN levels and the experimental 
group with brachial-to-femoral shunts in which there was 
no death, no paraplegia, and no substantially elevated 


BUN level was striking indeed. Though better femoral 


pressures were maintained during aortic clamping in ani- 
mals with brachial-to-femoral shunts, wide variations 
were observed. It is clear that in the dog neither the 
height of rise of brachial pressure nor the level at which 
femoral artery pressure is maintained reflects accurately 
the protection afforded by a shunt against visceral necro- 
sis, cord damage, and death. This observation undoubtedly 
signifies that these pressure measurements are not neces- 
sarily directly related to the adequacy of blood flow distal 
to the level of aortic occlusion. The obvious efficacy of 
unassisted brachial-to-femoral shunts suggests that this 
simple method may be worthy of further exploration. 
Cole and Gutelius,’ based on a tragic clinical experience, 
suggested that proximal cannulation of the left subcla- 


vian artery may be a very hazardous method for bypass- 


ing the descending thoracic aorta. They theorized that in 
the absence of a high thoracic radicular artery the subcla- 
vian artery may be the only source of blood supply to the 
upper half of the spinal cord and that this may be inter- 
rupted when the proximal subclavian artery is occluded, 
that its use may cause a temporary subclavian steal phe- 
nomenon, and that cutting off forward vertebral flow may 
bring about reversal of flow in the anterior spinal artery 
with blood passing away from the cord and to the brain 
stem. Such considerations would not seem operative when 
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the right brachial artery is cannulated in the antecubital - 
fossa. Certainly no paraplegia was observed by us in the 
experiments currently reported, nor in the earlier pump- 
controlled bypass experiments or the clinical case included 
in the report of King and Shumacker. 

In man, the situation should be more favorable than in 
the dog. There is a comparatively great distance between 
the dog’s antecubital fossa and the groin and rather long 
tubes or grafts must be used. In contrast, the brachial ar- 
tery in the antecubital fossa and the femoral artery in the 
groin can be brought into fairly close approximation in 
man, and this permits a relatively short shunt. The animal 
experiments would indicate that general heparinization is 
unnecessary, and this would probably prove true in man. 
Surely this should be the case if Dacron grafts were su- 
tured to incisions in the two arteries as the shunt mecha- 
nism. 

One way in which the apparent safety of the method 
could be further assessed in man without danger and with 
little loss of time would be to construct such a brachial- 
femoral bypass in favorable cases. Before proceeding with 
definitive surgery on the thoracic aorta, the aorta could be 
clamped above and below the lesion to be resected and ra- 
dial and contralateral femoral artery pressures measured 
along with flow determinations on the femoral artery 
proximal to the point of entry of the shunt. If the values 
were found to be satisfactory, say an adequate pressure in 
the femoral and a shunt flow of 30 ml/kg/min or more, 
one could proceed with the operation. If they were not 
found to be satisfactory, the shunt tube could be clamped 
and divided and the femoral end utilized for a femoral ar- 
tery to femoral vein partial cardiopulmonary bypass. 

Certainly, in the dog, unassisted right brachial-to-fem- 
oral bypass provides excellent protection during an hour’s 
cross-clamping of the thoracic aorta just beyond the origin 
of the left subclavian artery and just above the dia- 
phragm. 
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Editorial Comment 


This article describes an important adjuvant to the surgical 
therapy of thoracic aortic lesions. The authors have demonstrated 
that a modicum of perfusion for the time required to effect the ap- 
propriate procedure in the thoracic aorta will protect an animal 
against the development of spinal cord or visceral injury and 
against gangrene. This simple procedure should be considered by 
all who are faced with such therapeutic challenges. 

ROBERT ZEPPA, MD 
Miami, Fla 
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Hydrocortisone Administration and 
Gastrin and Gastric Secretion in Dogs 


Larry C. Watson, MD; David D. Reeder, MD; James C. Thompson, MD 


Acute administration of hydeocortisone does not alter the serum 
gastrin levels appreciably. Corticosteroids, administered for five days 
ir dogs, significartly increased basal serum gastrin levels as well as 
the serum gastrin response to < meat meal. The rise in serum gastrin 
levels after hycrocortisone stimulated a substantial increase in gas- 
tric acid output. 


astroduodenal ulceration is a frequent complication 
in patients receiving corticosteroid therapy. It is not 
ckear whether there is a true cause-effect relationship,’ but 
there is strong anecdotal evidence for linkage that has led 
tc multiple studies or the efect of adrenal steroids on gas- 
tric secretion. The evidence in favor of induction of hyper- 
secretion cf gastric acid by steroid therapy is controver- 
sial. Cooke? concluded that chronic -administration of 
ecrticosteroids caused an increase in gastric acid secretion 
in dogs; Wiederanders anc co-workers,” however, decided 
that steroids had no influence on gastric acid secretion. 
The present studies were done in dogs to test the influ- 
ence of (1) acut2 administration of hydrocortisone on cir- 
culating levels of serum gastrin and (2) prolonged (five 
deys) administration of hyerocortisone on circulating gas- 
trn and on gastric acid secretion. A preliminary report 
hes appeared.* 


Materials and Methods 


Acute Effect of Hydrocortisoae Injections.—The purpose of the 
first part of the stady was to determine the acute effect of hydro- 
cortisone on serum gastrin in zhe blood draining the gastric an- 
trum. Seven mengrel dogs were enesthetized with intravenously 
administered pentobarb tal sodium. The technique for selective 
sampling of antral venous blood has been described.’ The antrum 
was isolated by ligating he pybrus and cross-clamping the antro- 
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fundic junction. The blood supply of the antrum was dissected to 
allow intermittent sampling of the venous outflow from the an- 
trum (Fig 1). After basal samples were taken, the dogs received 
three intravenous injections of hydrocortisone acetate at intervals 
of 45 minutes. The initial dose of hydrocortisone was 50 mg and 
the dose was doubled at each interval thereafter. Three blood 
samples were taken at 15-minute intervals after each injection. 
All samples were centrifuged immediately, and the serum was 
stored for subsequent determination of gastrin concentration by 
radioimmunoassay.’ 

Effect of Daily Injections of Hydrocortisone for Five Days.—The 
purpose of the second part of the study was to measure the effect 
of five daily injections of hydrocortisone on serum gastrin levels 
and gastric acid secretion in response to food. Four adult mongrel 
dogs were prepared with Heidenhain pouches and were allowed 
three weeks for recovery prior to the initiation of the experi- 
ments. The dogs were studied awake in Pavlov stands after an 
overnight fast. Basal peripheral blood samples for gastrin deter- 
mination: and basal acid secretions from the Heidenhain pouch 
were collected. The dogs were then fed a 500-gm meat meal. Fur- 
ther blood samples and gastric secretions were collected every 30 
minutes for three hours. Gastric acid was determined by titration 
with 0.1N sodium hydroxide, using phenol sulfonphthalein (phenol 
red) as an indicator. Each dog received 100 mg hydrocortisone ace- 
tate subcutaneously daily for five days, and the food stimulation 
test was repeated. 

The results were expressed as the mean value plus or minus one 
standard error of the mean (SE). Integrated gastrin values’ were 
expressed as nanogram-minutes per milliliter. Statistical signifi- 
cance of differences between means was determined by the Stu- 
dent t test. 


Results 


In the acute studies, the large infusions of hydro- 
cortisone did not affect the serum concentration of gastrin 
in the antral vein. Figure 2 shows that the mean basal 
concentration of 72+3 pg/ml did not change signifi- 
cantly after the steroid infusions. The elevation at 105 
minutes was not significantly larger than basal concentra- 
tion. 
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Fig 1.—Technique for selective sampling of antral venous blood. 
When blood samples are not being collected, choker is released and 
antral venous blood flows into portal circulation. 


The effects of prolonged (five days) administration of 
hydrocortisone on serum gastrin levels and gastric acid se- 
cretion are shown in Fig 3. The mean basal concentration 
of serum gastrin before hydrocortisone was 98 + 5 pg/ml; 
this rose significantly to 121 + 7 pg/ml (P<.05) after five 
days of hydrocortisone injections. The three-hour post- 
prandial integrated serum gastrin output was 10.2 + 2 ng- 
min/ml in the control study and 16.1 + 3 ng-min/ml in the 
posthydrocortisone study (P<.05). After five days of hy- 
drocortisone injection, the acid output 120 minutes after a 
meal was double the output of acid before hydrocortisone. 


Comment 


Although chronic injection of corticosteroids leads to in- 
creased gastric secretion, acute administration (less than 
24 hours’ duration) is not associated with increased secre- 
tion in dogs.” A two-to three-day lag, or latent period, in 


‘steroid-induced gastric secretion in dogs has been well 


documented.** Large doses of hydrocortisone adminis- 
tered intravenously did not acutely influence serum gas- 
trin levels in our study. 

There are several reports** of statistically significant 
increases in gastric acid secretion in dogs after chronic in- 
jection of corticosteroids. We observed a statistically sig- 
nificant increase in gastric acid output in response to a 
meat meal after five days of hydrocortisone injections. 
This response to a standard meal is similar to the increase 
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Seven anesthetized dogs 
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Fig 2.—Effect of intravenous injections of hydrocortisone on gas- 
trin levels in serum of blood draining antrum. 
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Fig 3.—Serum gastrin and Heidenhain pouch acid (H+) response 
to meat meal before and after five daily injections of hydrocortisone 
acetate (100 mg/day). 


in acid secretion stimulated in dogs by submaximal hista- 
mine stimulation,’® maximal histamine stimulation,® and 
pentagastrin stimulation! after chronic steroid injec- 
tions. 

The mechanism for the increase in gastric acid secretion 
after chronic steroid injection is unknown. Harkins" pos- 
tulated that the steroid-induced hypersecretion was me- 
diated by increased amounts of gastrin from the antral 
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mucosa. Indirect evidence for that suggestion included 
postantrectomy diminution ir gastric secretory response 
in dogs after stimulatien by corticotropin and corti- 
sone.**'* Chronic corticosteroid injections enhanced gas- 
tricacid secretion stimulated by gastrin released by vagal 
stimulation and ky gastrin released by antral stimula- 
zion. Our study provides direet measurement of elevated 
-evels of basal and postprandial serum gastrin after five 
days of hydrocortisone mijections. The total amount of 
gastrin released after a meal was significantly larger af- 
zer hydrocortisone administration for five days than be- 
Tore. The serum gastrin elevation was accompanied by an 
mereased gastric acid output. 


This investigation was supported by National Institutes of Health grant 
AM-15241 and a grant from the John A. Hartford Foundation, Inc. 


Nonproprietary Name and 
Trademarks of Drug 


Corticotropm—Aetest, Acthar, Aetrope, Cortigel, Cortrophin, 
Depo-ACTH, Duracton. 
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Editorial Comment 


The relationship between steroids, steroid therapy, and the pep- 
tic ulcer diathesis has been an enduring focus of interest for the 
gastroenterologist, gastric physiologist, and surgeon. There is 
widespread recognition that the incidence of peptic ulcer is aug- 
mented in patients with rheumatoid arthritis, ulcerative colitis, 
and other collagen diseases during the course of adrenal steroid 
therapy. The precise pathogenesis of this increased ulcer inci- 
dence and its overall importance in these patients as compared 
with a “normal” population is not entirely clear. However, because 
of the widespread use of steroids and the large patient population 
involved, it is a subject of considerable importance. 

Reported data now show that adrenal steroid administration 
has a variety of effects on the stomach. These include decreased 
tissue resistance, manifested in part at least by an alteration in 
both the quality and quantity of mucus, some potentiation of both 
parasympathetic and hormonal effects (vagal and gastrin), in- 
crease in the concentration and size of the parietal cell mass, and, 
finally, alterations in capillary permeability and healing following 
mechanical erosion. 

This study from a respected laboratory fills an important gap in 


er | 


Se. ata 


our understanding of the syndrome. These data establish that the 


chronic administration of corticosteroids, after a relatively short 
“latency,” do substantially increase basal serum gastrin levels and 
serum gastrin levels in response to a traditional meat meal stimu- 
lus and, moreover, that these effects are reflected in substantially 
increased level of acid secretory output from the stomach. The 
data fit well with other information we have relative to the subject 
and help establish that at least one key effect of steroids in terms 
of contributing to the ulcer diathesis (although there may be oth- 
ers) is its effect on the hormonal mechanism. 

M. MICHAEL EISENBERG, MD 

Minneapolis 
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Robert M. Hoffmann; Kenneth W. Stieper; 
Robert W. G. Johnson, MD, FRCS; Folkert O. Belzer, MD 


One hour of warm ischemia produced no detectable injury in ca- 
nine kidneys, provided the dog was previously heparinized. Two 
hours of warm ischemia produced severe renal injury resulting in the 
death of three dogs out of four. Renal ischemic tolerance could be 
extended to two hours by means of a simple peraortic renal arterial 
flush with either cold 0.9% saline or cold hyperosmolar saline. The 
ischemic interval could, however, be extended to three hours when 
the kidney was maintained at room temperature (22 C) after a 
simple cold saline flush. Cold hyperosmolar saline conferred no 
greater benefit than simple hypothermia. 


o the last 30 years, the kidney has become in- 
creasingly accessible to a wide range of delicate re- 
constructive procedures. The principal limiting factor in 
the advancement of these techniques has been the uncer- 
tain knowledge of the kidney’s tolerance to ischemia. 

A number of methods have been described that extend 
the ischemic tolerance during surgery. These range 
through surface cooling,’ in situ cold perfusion, washout 
with hyperosmolar solutions,‘ and in vitro cold perfusion 
and autotransplant.®** All these methods share one basic 


t principle: hypothermia. In 1972, Flores et al showed in 


rats that systemic intravenously administered mannitol 
had a protective effect on kidneys subjected to warm is- 
chemia. They suggested that the hyperosmolar solution 
prevented endothelial swelling and, therefore, prevented 
decreased renal blood flow after reestablishment of circu- 
lation. 

This study was planned to determine what duration of 
warm ischemia is compatible with immediate renal func- 
tion in the dog and whether in situ washout with hyper- 
osmolar solution would substantially enhance the kidney’s 
tolerance to warm ischemia. 


Methods 


Adult mongrel dogs were anesthetized, intubated, and system- 
ically heparinized with 5,000 units of heparin sodium. The kidneys 
were exposed through a long midline incision, and the right kid- 
ney was removed. The left kidney was completely mobilized and 
the left renal artery and vein skeletonized. The aorta was mobi- 
lized for a distance of 2 cm above and below the renal arteries. 


Lumbar vessels in this segment were ligated. The aorta was then 


cross-clamped above and below the renal arteries and a No. 10F 
plastic catheter was passed into the aorta through the right renal 
arterial stump (Figure). 

Group 1.—After the dogs were heparinized, the renal artery was 
clamped and the ureter was snared for up to two hours. This 
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group of six dogs acted as controls. 

Group 2.—The left kidney of each of the eight dogs in this group 
was washed through the aorta with 200 ml of 0.9% normal saline at 
4 C from a height of 1 meter using gravity infusion. After wash- 
out, the left renal artery was clamped and the aortic clamps were 
removed while the ureter remained snared. 

Group 3.—The kidneys of each of these eight dogs were washed 
out with a hyperosmolar saline solution at 4 C, the composition of 
which is shown in Table 1. Otherwise, conditions were the same as 
in group 2. The hyperosmolar saline solution used was similar to 
that described by Sacks et al,* except that sodium and potassium 
concentrations were reversed. This was to avoid the toxic effect of 
potassium released into the systemic circulation. 

It has been shown previously* that the beneficial effects of 
washout solutions for renal preservation depend on the concentra- 
tion of osmotically active nonpermeable substrates such as glucose 
or mannitol, and that the ratio of sodium to potassium appears to 
be of little importance. 

After the anoxic interval, the vascular clamp in the left renal 
artery was removed, as was the ureteric snare. Postoperatively, 
the dogs were given food and water at will and serum creatinine 
levels were monitored daily. 


Results 


One hour of warm ischemia was uniformly tolerated by 
all kidneys without pretreatment, There was only a very 
small increase in the serum creatinine level in the postop- 
erative period, peaking at 1.5 mg/100 ml (Table 2). 

Two hours of warm ischemia produced severe renal in- 
jury in those kidneys that were not pretreated. Three out 
of four of these dogs died. An initial flushout with either 
cold saline or cold hyperosmolar saline uniformly extended 
the ischemic tolerance of these kidneys to two hours. The 


Method of in situ peraortic renal washout.—During washout aorta 
is cross-clamped (left); after washout and throughout ischemic in- 
terval only renal artery is clamped (right) and ureter is snared. 
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Table 1.—Composition of Hyperosmolar Saline Solution* 


Components zm/Liter mEq/Liter 
NaH.PO, 4.76 *=14 
Na,HPO, S.7 Na* = 126 
NaHCO, 2.3 PO, = 120 


cl =t6 


* Solution: 450 mOsm /lite’; pH 7.0 at 4 C. 





Table 2—Results of Warm Ischemic Intervals on 
Canain Kidneys 


Highest 








Serum 
Warm Creatinine 
Ischemic Mean No. of Level, 
Interval, Tempera- No. of Survi- mg/ 
“Group hr ture, C Dogs vors 100 ml 
1 1 33 2 2 1.8 
(Controis) 2 34.5 4 1 5.6 
> 1 35 2 e i 1.0 
à 2 35 6 6 3.0 
lin 
aji 3 22 2 2 3.2 
3 1 35 2 2 153 
(Hyper- 
Ealar 2 32 6 2.8 
saline) 2 


serum creatirine level rose in the postoperative period. 
The maximum rise was 3.1 mg/100 ml for saline-flushed 
xidneys anc 23 mg/100 ml for kidneys flushed with hyper- 
osmolar saline. There was no statistically significant dif- 
ference between these two groups. All kidneys returned to 
normal function within “our days. Two kidneys washed 
əut with salina were kep: at ambient temperature (22 C) 
for three hours. Both kidneys functioned normally; the 
nighest creatinine value was 3.2 mg/100 ml, and the long- 
sst duration of abnormal function was seven days. 

Two dogs were subjecsec to three hours of warm is- 
ehemia (35 C) after initia washout with hyperosmolar sa- 
line: both dogs died of progressive renal failure. During 
the initial cold washout, menal surface temperature fell to 
15 G following washout, it rose to ambient temperature 
within 20 minates and reached 35 C within 45 minutes. 


Comment 


In the dog, ene hour of warm ischemia produced no de- 
tectable echenge in renal funetion. When the warm is- 
chemia was extended to two hours, only one kidney out of 
four was abie zo sustain | fe in the control group, and ob- 
vious impairment of renal function was produced. It is 
safe to conclude, therefore, that the maximum ischemic 
tolerance of che dog kidney in the absence of pre- 
treatment lies between one end two hours. This conclusion 
kas been supported by other workers.” Tolerance of 
warm ischemia in excess of two hours has been reported in 
cne series of experiments by Hamilton et al.' However, in 
a subsequent series, they were unable to repeat their pre- 
vious results. 
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Initial flushing of the kidney with a cold hyperosmolar 
solution produced no greater extension of renal ischemic 
tolerance than could be obtained by simple cold saline 
flush. It is of interest that both methods, however, gave 
superior results to no pretreatment. The results suggest 
that cooling was the main factor in producing the im- 
proved results as compared to the controls. The beneficial 
effects of cooling kidneys to between 15 C and 25 C have 
been shown previously." Sacks et alt demonstrated that 
kidneys washed out with hyperosmolar solution could tol- 
erate three hours of ischemia at room temperature; unfor- 
tunately no controls were done without a hyperosmolar so- 
lution. We were able to obtain an equally satisfactory 
result after a cold saline washout and three hours ischemia 
at ambient temperature, so that, again, the beneficial ef- 
fect was probably the relative hypothermia. Our results do 
not deny that hyperosmolar solutions may be beneficial in 
preventing endothelial swelling. However, systemic man- 
nitol also produces both increased renal blood flow and in- 
creased glomerular filtration rate when it is introduced 
with the circulation intact; its protective effect may in- 
clude prevention of tubular collapse. 

This study suggests that if, indeed, the hyperosmolar 
solution has beneficial effects, they are overshadowed by 
other damaging effects of warm ischemia. If one accepts 
that the dog kidney is comparable to the human kidney, 
one could conclude that in situ surgery can be performed 
in a totally ischemic kidney at body temperature for one 
hour with impunity, provided the patient is previously 
heparinized. Operative time can be safely extended to two 
hours if the kidney is initially flushed with either heparin- 
ized saline or a hyperosmolar solution at 4 C. Additional 
cooling during the reconstructive procedures whenever 
possible should make possible further extension of the pe- 
riod of total ischemia. 


This investigation was supported by Public Health Service grant AM- 
15267. 


References 


1. Hamilton PB, Phillips RA, Hiller A: Duration of renal is- 
age required to produce uremia. Am J Physiol 152:517-522, 
9 


st i aa RM: Renal cooling and ischemia. Br J Surg 46:593- 
3. Eadie DGA, et al: Renal hypothermia: In vivo transaortic 
perfusion with Ringer’s lactate solution. Arch Surg 90:554-562, 


4. Sacks SA, Petritsch E, Kaufman JJ: Canine kidney preserva- 
tion using a new perfusion. Lancet 1:1024-1028, 1973. 

5. Belzer FO, Ashby BS, Dunphy JE: Twenty-four and 72 hour 
preservation of canine kidneys. Lancet 2:536-539, 1967. 

6. Belzer FO, et al: Surgical correction of advanced fibro- 
muscular dysplasia of the renal arteries. Surgery 75:31-37, 1974. 

7. Flores J, et al: The role of cell swelling in ischemic renal dam- 
age and the protective effect of hypertonic solute. J Clin Invest 
51:118-126, 1972. 

8. Downes G, et al: Mechanism of action of washout solutions 
for kidney er Transplantation 16:46-53, 1973. 

9. Jones WR, Politano VA: Effects of renal artery occlusion on 
renal function under normothermia and regional hypothermia. J 
Urol 89:535-540, 1963. 

10. Porch PP, Chamberlain NO, Edwards WH: The effects of 
ene renal vascular occlusion in dogs. Surg Forum 10:892- 

11. Bogardus GM, Schlosser RJ: The influence of temperature 
upon renal ischemia damage. Surgery 39:970-974, 1956. 


Renal Ischemic Tolerance/Hoffmann et al 551 











! 


Te 


k7 


Clinical Notes 


Spontaneous Rupture of the 


Subclavian Artery and Innominate Vein 


Martin L. Dalton, Jr., MD; Donald L. Bricker, MD; Louis Nannini, MD 


A patient died as a sequel to a spontaneous rupture of the subcla- 
vian vein and artery. Despite surgical control by ligation and bypass, 
he died 11 days later of pulmonary complications. Autopsy showed 
extreme friability of all arteries and veins and a dissection of the tho- 
racic aorta starting at the point of intraoperative clamping. Although 
no histologic abnormalities of the vascular wall could be identified, it 

is thought that he had Ehlers-Danlos disorder of connective tissue, 
specifically the type IV described by McKusick wherein the vascular 
system is primarily affected. 


pontaneous rupture of the subclavian artery and in- 
nominate vein has not, to our knowledge, previously 
been reported. This catastrophic event occurring in a 
young man with a previously undiagnosed disorder of the 
connective tissues constitutes the basis for this report. 


Report of a Case 


A 25-year-old white man was admitted to the Methodist Hospi- 
tal of Lubbock, Tex, on Nov 9, 1973, with the chief complaint of 
pain and swelling in the right supraclavicular area. The patient 
had been in excellent health until several hours prior to admission, 
when a severe coughing spell precipitated his symptoms. There 
was no history of antecedent trauma. Physical findings were lim- 
ited to the right supraclavicular area, where tenderness and mild 
edema were noted. The carotid and subclavian pulses were intact, 
and the blood pressures were equal in the upper extremities. A 
chest roentgenogram revealed widening of the superior mediasti- 
num and a left lower lobe pneumonitis. The patient was admitted 
to the intensive care unit where the hematocrit reading fell from 
42% to 38% and stabilized. The mediastinal widening remained un- 
changed on serial chest roentgenograms, and the left lower lobe 
pneumonitis subsided (Fig 1). Antibiotic and expectorant therapy 
was initiated, and the patient experienced symptomatic improve- 
ment resulting in dismissal on the fifth hospital day. He was in- 
structed to return in two weeks for another chest roentgenogram. 
The cause of this process was not clear. 
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One week following discharge, the patient suddenly developed 
massive swelling in the right axilla and extreme dyspnea. He was 
brought to the emergency room in profound shock with an ob- 
vious acute superior vena caval syndrome. On physical examina- 
tion, the blood pressure in the left arm was 60/40 mm Hg, and the 
carotid pulses were intact. The right radial pulse was absent, and 
there was no obtainable blood pressure in the cool violaceous right 
upper extremity. Femoral pulses were intact. A chest roentgen- 
ogram showed massive widening of the mediastinum (Fig 2). 

An emergency mediastinotomy was performed. Due to the su- 
perior vena caval syndrome, hemorrhage was severe, but ulti- 
mately the mediastinum was satisfactorily exposed. The right in- 
nominate vein was ruptured and shredded in appearance. Control 
was obtained by digital pressure with suture closure of the supe- 
rior vena cava and the distal stumps of the subclavian and inter- 
nal jugular veins. It was then apparent that the right subclavian 
artery had undergone virtual dissolution, and attempts at patch- 
ing would be futile. Ultimately, the origin of the vertebral artery, 
the distal part of the subclavian artery, and the origin of the sub- 
clavian artery at the bifurcation of the innominate artery were li- 
gated and hemostasia secured. The arteries were extremely 
friable, and even 6-0 monofilament polypropylene sutures held 
with difficulty. An aorta to right brachial artery bypass using 6 
mm Dacron velour graft was then performed. Fourteen units of 
blood were required. An excellent right radial pulse was restored. 
The patient progressed satisfactorily in the intensive care unit for 
five days and then deteriorated with increasing pneumonitis and 
air hunger necessitating tracheostomy. He died on the 11th post- 
operative day. 

Autopsy Findings.—At autopsy, ecchymoses of the trunk and ex- 
tremities were noted. There was slight hypermobility of the 
digits, but the skin did not appear to be hyperelastic. 

The internal examination was striking due to marked friability 
of the connective tissues, particularly of the vascular system. The 
aorta, as well as the great vessels of the aortic arch, had minimal 
tensile strength and could be torn with only gentle traction. The 
hepatic and splenic parenchyma were also very friable. 

There was a large mediastinal hematoma and hemopericardium 
due to an aortic dissecting aneurysm. The intimal tear of the aor- 
tic aneurysm was located in the aortic arch 1.5 em below the surgi- 
cal graft, corresponding to the area injured by application of a 
partial occluding vascular clamp. The dissection extended down to 
the level of the diaphragm. Hemorrhagic areas were present in 
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Fig 1.—Chest -oentgenogram during first admission to Methodist 
Hospital showing right superior mediastinal mass. 


the pulmonary parenchyma, and extensive bronchopneumonia and 
tracneohbrenchitis were present. 

Microscopical examination of the skin, aorta, and connective tis- 
sue was accomplished after staining with hematoxylin-eosin, Ver- 
noeff elastic, and Masson trickrome. With these techniques, no 
subs:antial quantitative or qualitative histological differences of 
zhe connective tissue or elastic tissue were noted. 

Clinical! Comment.—Spontanezous rupture of an appar- 
2ntly normal major artery ina seemingly normal person 
qas Dut one apparent explanation: the patient almost cer- 
zainly must be a victim of Ehlers-Danlos syndrome. In- 
deed, a search of the literature fails to reveal any addi- 
sions to the differential diagnosis. 

Spontaneous rupture of a major vein is even more diffi- 
sultsto explain. This has not been previously reported as a 
somDlication of Ehlers-Danlos syndrome, but we believe it 
20 be an integral part of this patient’s illness. Retrospec- 
sively, the right innominate vein was ruptured at the time 
of the first admission, and hemorrhage had ceased due to 
effeetive tamponade within the mediastinum. It is inter- 
esting to pestulate that the formation of a large hema- 
soma abaut the ruptured rigat innominate vein might 
have served as a prelude to the spontaneous rupture of the 
right subclavian artery, which occurred some 12 days 
later. Anether example of the precarious state of the pa- 
tient’s vascular system is the 7act that during surgery, a 
right ankle cutdown was done at the greater saphenous 
rein with rupture of this vessel during the operative pro- 
cedure. This was initially attributed to the administration 
ef blood under pressure. However, the following morning, 
= left ankle cutdown was necessary because all of the pe- 
ripheral veins on the left upper extremity had been uti- 
lized with subsequent rupture. This cutdown also sponta- 
neously ruptured with 36 hours without any infusions 
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Fig 2.—Chest roentgenogram made at second admission showing 
severe mediastinal widening. 


under pressure. It would therefore seem that the venous 
system suffered from lack of collagenous integrity as well 
as the arterial system. 


Comment 


Ehlers-Danlos syndrome is a heritable disorder of colla- 
gen clinically and genetically distinct from other disorders 
of connective tissue, as defined by McKusick.: The first de- 
finitive case was described in 1682. The defect resides in 
the collagen fibers, which demonstrate a lack of normal 
tensile strength. This permits the skin, joint capsules, 
ligaments, and other tissues to be stretched beyond nor- 
mal limits. McKusick has further elaborated on the heter- 
ogeneity of Ehlers-Danlos syndrome, and has divided the 
syndrome into six subcategories. The current patient fits . 
the description of type IV Ehlers-Danlos syndrome, also 
called the “ecchymotic” or “arterial” variety. In this type, 
the joint hypermobility, so characteristic of Ehlers-Danlos 
syndrome, is limited to the digits, and hyperextensibility 
of the skin is minimal or absent, as was true of our case. 
Bruisability and minor trauma leading to extensive ecchy- 
moses are the primary features of this type. Spontaneous 
rupture of major arteries occurs predominantly in type 
IV. 
The first case of spontaneous rupture of a major artery 
was reported by Mories in 1960.2 This was a 15-year-old 
boy who developed a painful swelling in the right groin 
leading to amputation. The exact site of injury was not 
found at surgery, but it was thought to be in the external 
iliac artery. This report of spontaneous rupture of a major 
artery, like all of the others reported, described a fatal 
outcome. Mories stated that this was the first fatal case of 
Ehlers-Danlos syndrome reported. Lynch et al reported 
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the case of a 14-year-old boy who died from an extensive 
tear in the abdominal aorta. The patient underwent ex- 
ploratory surgery, but no definitive surgery was per- 
formed. The autopsy also showed a fistula between the left 
femoral artery and the left femoral vein. 

McFarland and Fuller, in 1964,‘ reported two additional 
cases. A 12-year-old boy died following spontaneous rup- 
ture of the right popliteal artery, and a 17-year-old boy 
died following spontaneous rupture of the right subcla- 
vian artery, apparently precipitated by cheering at a bas- 
ketball game. Bannerman et al in 1967° reported the death 
of a 43-year-old woman following spontaneous rupture of 
the splenic artery. Barabas® reported the sudden death of 
a 30-year-old woman due to spontaneous rupture of the 
aorta. In 1968, Beighton’ reviewed the literature and re- 
ported a total of nine deaths due to spontaneous rupture 
of a large artery in patients with Ehlers-Danlos syn- 
drome. To these he added a 37-year-old woman who died 
due to spontaneous rupture of an internal iliac artery. The 
most recent case is that of Umlas,* who described a 26- 


year-old black man who awakened, sat up, and fell over 
dead. Autopsy revealed spontaneous rupture of the right 
subclavian artery. This report documented “diffuse de- 
crease in the density of elastic tissue in the media of the 
elastic arteries,” a finding totally unsubstantiated in the 
present case. In addition to spontaneous rupture of ar- 
teries, dissecting aneurysms of the aorta, spontaneous ca- 
rotid-cavernous sinus fistulas, multiple systemic and in- 
tracranial aneurysms, and cardiac anomalies have also 
been reported in association with Ehlers-Danlos syn- 
drome. 

In addition to the vascular problems, it has been sug- 
gested that clotting defects occur in patients with Ehlers- 
Danlos syndrome, and indeed Kashiwagi et al’ have dem- 
onstrated defective platelet function. Ultrastructural 
studies of platelets in three patients with Ehlers-Danlos 
syndrome reveal abnormalities similar to those seen in 
thrombocytopathy A. It is tempting to attribute some of 
the hemorrhagic diatheses in Ehlers-Danlos syndrome to 
this platelet defect. 
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Of Double Stomachs 


Maj Michael J. Torma, MC, USAF 


Two infants with gastric duplications were treated by resection. 
One required the additional removal of ectopic spleen and pancreas. 
im both cases. the displacement of a portion of pancreatic tissue 
from the ventral anlage to a pasition anterior and cephalad to the du- 
plication strongly favors the “neurenteric band” theory of embry- 


agenesis. 


— operating on children for abdominal masses 
are recognizing and reporting more gastric dupli- 
eation cysts then ever.' Wendel described stomach doubles 
im 1911,’ but fully two thirds of these, the rarest alimen- 
tary duplication, have beer reported since 1957. Our expe- 
rience with two cases in the last 1% years at the Wilford 
Hall USAF Medical Center, San Antonio, Tex, confirms 
the imereasing trend and brings the English literature 
count to 68.° 

The surgical approach to eystic gastric anomalies in- 
vclves several options. These are worth exploring because, 
alshough most duplications should be excised, there is no 
operatien universally suited to the location of the tumor, 
the condition of the abdomen with respect to bacterial 
contamination, er to the age of the patient.: 

There is another reason sor reexamining this topic. As 
cases have been more lucidly described, it has become clear 
that gastric duplications in some way force a malunion of 
the pamereatie anlage. A stringy portion of pancreatic 
duetal tissue from the ventral bud is then pulled anterior 
and cephalad te the duplication cyst. This fact, first em- 
phasized by Parker et al* and confirmed in both our cases, 
causes us to leok critically ən most theories of embryo- 
geresis. 


Report of Cases 


Case L—A 14-day-old boy was referred for evaluation of an epi- 
gastric mass and treatment of cengestive heart failure. On deliv- 
ery, the Daby was said to be nommel except for low birth weight 
(2.43 kg [5 |b, 3-0z!). By the tenth day postdelivery, however, he had 
gained only 0.23 kg (8 oz). At the referring hospital, he was dis- 
covered io have a 25xX3.5-em aodcminal mass filling the upper 
quacrants. mobile in the transverse but not longitudinal direction. 
The abdemen was nentender and bowel sounds were normal. The 
referring physicians also described a cardiac murmur consistent 
with a mild te moderate ventricular septal defect. Laboratory 
data included normal complete bleod count (CBC), urinalysis, elec- 
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trolyte level, electrocardiogram, and chest roentgenogram. Plain 
abdominal x-ray films showed a large (lucent) apparent intralumi- 
nal mass of the stomach. Serial roentgenograms of the upper part 
of the gastrointestinal tract demonstrated anterior, extrinsic 
pressure along the greater curvature at the antrum. During this 
workup the baby developed congestive heart failure and was sent 
to Wilford Hall, where he rapidly responded to decreased fluid 
load and 0.025 mg digoxin per day. 

One evening an episode of emesis was followed by hematemesis 
and a drop in the reading to 30%. His clotting profile was normal, 
and after transfusion the baby stopped bleeding spontaneously. 
At that point, the baby’s ventricular septal defect did not preclude 


elective abdominal exploration, which was carried out the follow- 


ing morning. 

Thé anatomic findings and surgical correction of the anomaly 
are depicted in Fig 1. The child is now asymptomatic and gaining 
weight normally after six months follow-up. 

CASE 2.-A 7-month-old girl was admitted for evaluation of 
vomiting, poor weight gain, and the discovery of an abdominal 
mass. 

The patient began to have projectile vomiting once or twice 
daily at around 5 months of age. Eight weeks after the onset of 
symptoms, the child was brought to us. Her mother had found a 
mass in the upper part of the infant’s abdomen. The girl weighed 


4.77 kg (10 lb, 9 oz). The single important physical finding was an — 


8x6.5-cm knobby mass filling the right upper quadrant and epi- 
gastrium. Normal laboratory data included CBC, urinalysis, de- 
termination of electrolyte, serum glutamic oxaloacetic transami- 


Fig 1.—Anatomy and surgery, case 1. 
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nase (SGOT) and, bilirubin levels, chest roentgenogram, liver 
scan, and intravenous pyelogram. Abnormal roentgenographic 
studies included plain abdominal views, a series of the upper part 
of the gastrointestinal tract, and a barium enema. The first 
showed a deformed gastric bubble and distorted colonic air pat- 
tern suggesting extrinsic compression on the medial side of the 
stomach and ascending colon by a right upper quadrant mass. The 
second showed the same antral compression, as well as dis- 
placement of the duodenal loop to the left by a lobulated right up- 
per quadrant mass. Finally, the barium enema confirmed extrinsic 
anterior and inferior displacement of the proximal part of the 
transverse colon by a large irregular right upper quadrant and ep- 
igastric tumor. 

Figure 2 shows the anomaly and its surgical correction. Ectopic 
pancreas, accessory spleen, and anterior pancreatic remnants 
were excised in freeing the cyst. The patient has regained normal 
eating and growth patterns in follow-up over one year. 


Comment 


Clinical Manifestations.—Although their mucosal cells 
may differ histologically from the parent organ, gastric 


a _ duplications share a common muscular wall and blood sup- 


ply with the stomach. While they may be attached any- 
where on the stomach, most involve the greater curvature 


es and pylorus.’ This is significant because clinical signs and 


symptoms are primarily dictated by location. Thus, gas- 
tric outlet obstruction within the first year of life is ex- 


; _ tremely common." *' Concomitantly there is vomiting, he- 


matemesis or melena, anemia, weight loss, and failure to 
thrive.** Less frequently, patients have shown fever, ob- 
stipation, diarrhea, dehydration, massive abdominal dis- 
tention, dyspnea, and cyanosis.' Rarely, the lesions have 
appeared only in adulthood.’ Most infants have palpable 
abdominal masses,’ some being confused with the olive of 
hypertrophic pyloric stenosis preoperatively." Roentgen- 
ographic confirmation of a mass is the rule, and dis- 
placement of the transverse colon is common.’ 

Thirty-five percent of duplication patients have other 
anomalies, either in the abdomen or elsewhere. The sur- 
geon should particularly seek additional enteric dupli- 
cations, especially of the thoracic esophagus and the 
duodenum. as 

There are two urgent surgical complications of gastric 
duplication: (1) massive gastrointestinal tract hemorrhage 
from erosion through the shared wall and (2) free abdomi- 
nal perforation with chemical and bacterial peritonitis. A 
less acutely pressing complication is that of gastrocys- 
tocutaneous fistula.” ° 

Surgical Management.—The reasons for exploration are 


4 | = (1) gastric outlet obstruction, (2) gastrointestinal tract 


hemorrhage, (3) free abdominal perforation, (4) gastrocu- 
taneous fistula, (5) suspicion of malignancy, and (6) con- 
_ firmed diagnosis. Preoperatively, the surgeon must pro- 
vide reliable portals for volume and blood replacement. He 
must consider mechanical preparation of the bowel and 
also possible systemic or enteric antibiosis. If gastric out- 
let obstruction is present, nasogastric decompression and 
attention to electrolyte imbalance is imperative, as al- 
ways.’ 

At the time of exploration, needle aspiration of the cyst 
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is an expedient that can help provide exposure, lessen the 
risk of rupture, and, by immediate Gram stain, provide 
evidence bearing on bacterial contamination. Simple exci- 
sion of the cyst by submucosal dissection is desirable if the 
area of attachment is not large and does not encroach 
directly on the pylorus, where subsequent closure might 
narrow the lumen. Excision of the duplication with its ad- 
jacent shared wall is readily adapted to the greater curva- 
ture lesion. It is less feasible if the area of the shared com- 
mon wall is large. In complex cases, partial resection of 
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Fig 3.—Mode of formation of entoectodermal adhesion and its 
differentiation into a ‘‘neurenteric’’ band. Such bands may elongate 
and give rise to traction diverticula, cysts, or strands. (From 
MeLetchie et al'*) 
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Fig 4.—Diagrarrs based on specimens, case reports, and roent- 
genograms. Left, Entoec-oderrmal adhesion may give rise to traction 
diverticula. cysts, or “neuremteric’’ strands involving foregut, 
ndgut, or hindgut derivatives. Senter, Frank combined spina bifida 
flanked by hemivertebrae, commonest in cervicothoracic regions. 
Right, Varying fusions and cleft. that may arise out of growth trans- 
formation of Fig 4, center. (Fram McLetchie et al?) 


the cyst with stripping of zhe remaining mucosa may be 
advisable. This is especially useful if the area of dupli- 
cacion and attachment extends well into the first portion 
of duodenum. The greatest hazard in using this technique 
is that of unrecegnized perforation. Major gastric resec- 
tion is advoeatec to tetally 2xcirpate the tumor in adults. 
Hewever, resection siould never exceed 25% to 30% in 


growing children. In such cases, partial resection with in- 
ternal drainage via cystogastrostomy or Rouxen-Y cys- 
toenterostomy is preferable.’ 

We always test the patency of the true pylorus, since we 
now know that there may be intrinsic fibrous obliteration 
as well as extrinsic compression of the lumen at this point. 
The pancreatic remnant attached to the cyst can be 
clamped, divided, and ligated with impunity. Our findings 
and those of Parker et al* imply that this segment is al- 
ready defunctionalized by the time the patient is born. 

Embryogenesis.—Since 1907,'° general theories used to 
explain enterogenous cysts have been applied to the stom- 
ach. All but one fail to answer the anatomy as we now 
know it. Concepts of abortive twinning, phylogenetic re- 
version, persistence of embryonic diverticula, and recan- 
alization and fusion of longitudinal folds of the stomach 
cannot explain malunion of the pancreatic anlage with 
cephalad displacement of a remnant of the ventral bud. 

An acceptable alternative, first published in 1954, is that 
of McLetchie et al**: 


An entoectodermal adhesion may not only result in a local dis- 
organization of the vertebral precursors, but give rise to a “neu- 
renteric” band or connection with some part of the alimentary 
tract (Fig 3). Such a band may or may not elongate with growth 
and so interfere with diaphragmatic development. Again it may 
cause traction diverticula at one or both points of attachment (ie, 
alimentary or neural) or give rise to intrathoracic or intra-abdom- 
inal cysts (Fig 4). Thus it would appear that many so-ealled “en- 
terogenic” diverticula, cysts, and strands owe their existence to 
coincident malformation of the embryonic spinal axis, which may 
or may not express itself as a frank vertebral body cleft, or some 
minor degree of combined spina bifida. 


Despite the fact that neither of our babies had roent- 
genographically demonstrable vertebral anomalies at the 
time of presentation, such changes have been demon- 
strated in the reports of others.'* Thus it seems that only 
the traction and foreshortening of a “neurenteric” band 
could account for the embryonic pancreatic translocations 
presented above. 


References 


1 Bartels RJ: Duplication of the stomach: Case report and re- 
view of the literature. Am Sure 38:747-752, 1967. 

2. Wende! W: Beschreibung eines operativ enfernten con- 
gen talen Nebenmagens. Arch Klin Chir 95:895-898, 1911. 

3. Parker EC, et al: Gastric duplications in infancy. J Pediatr 
Sury 7:234-298, 1972. 

4. Abrami G, Dennison WM: Duplication of the stomach. Sur- 
gery 49:794-801, 1961. 

5. Kremer RM, Lepoff RB, Izant RJ: Duplication of the stom- 
ach. J Pediatr Surg 5:360-364, 1970 

6. Sieber WK: Alimentary traet duplications. Arch Surg 73:383- 
392, 1956. 

T. Kieswetter WE: Duplication o? the stomach: A case report. 
Anw Sung 146:990-993, 19&7. 

8. Ramsay GS: Enterogenous cyst of the stomach simulating 
hypertrophic pyloric stenosis. Br J Surg 44:632-633, 1957. 


Arch Surg/Vel 109, Oct 1974 


9. Bishop HC, Koop CE: Surgical management of duplications 
of the alimentary tract. Am J Surg 107:434-442, 1964. 

10. Bremer JL: Diverticula and duplications of the intestinal 
tract. Arch Pathol 38:132-140, 1944. 

11. Ladd WE, Gross RE: Surgical treatment of duplications of 
the alimentary tract: Enterogenous cysts, enteric cysts or ileum 
duplex. Surg Gynecol Obstet 70:295-307, 1940. 

12. Lewis FT, Thyng FW: The regular occurrence of intestinal 
diverticula in embryos of the pig, rabbit, and man. Am J Anat 
7:505-519, 1907. 

13. McLetchie NGB, Purves JK, Saunders RLdeCH: The gen- 
esis of gastric and certain intestinal diverticula and enterogenous 
cysts. Surg Gynecol Obstet 99:135-141, 1954. 

14. Veeneklaas GMH: Pathogenesis of intrathoracic gastro- 
genous cysts. Am J Dis Child 83:500-507, 1952. 


Of Double Stomachs/Torma 557 





$ 


EN = 


alee Jah eds Bt gin Ankh fete gD LS eka a eee 


Cervical Thymic Cyst 


Case Report and Review of the Literature 


Stanley Mikal, MD 


Thymic derivatives should be included in the differential diagnosis 
of cystic masses in the neck. A classification of thymic cysts is pro- 
posed; namely, true, mixed, or false. Thymic cyst may contain cho- 
lesterol crystals in the luminal fluid, cholesterol clefts, granulomas, 
and lymphocytic follicles as well as Hassall corpuscles in the wall. 
Treatment consists of simple excision of the cyst and its accom- 
panying tract. The 34th case of cervical thymic cyst in the English lit- 
erature is reported. 


T neck is a common site for the appearance of 
cystic masses. Most of them develop as anomalies 
from the pharyngeal pouches and the branchial clefts. 
Pathologically, they are classified as branchial, thyroglos- 
sal, thyroid, parathyroid, thymic, dermoid, and hygromic 
cysts.’ 


Historical Data 


Cysts of thymic origin have a long history of recogni- 
tion. Initially, they were thought to be due to tuberculosis, 
and later to syphilis.** Only as late as 1900 did Westenryk 
propose a congenital cause of thymic cysts.‘ 

Pollosson and Piéry, in 1901, were the first to attempt 
excision of a cervical thymic cyst in a 1'4-year-old male in- 
fant but, unfortunately, the patient failed to survive.’ 
Pezcoller excised a combined cervical and mediastinal thy- 
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mic cyst in 1929.° However, it was not until 1944 that 
Hyde et al reported the first successful excision of a cervi- 
cal thymic cyst.’ To date, 33 cases of cervical thymic cyst 
have been documented in the literature.*-** Thymic cysts 
that had originated in the mediastinum and subsequently 
appeared as a cervical cystic mass were excluded from this 
survey. 


Embryogenesis 


During the sixth week of fetal life, sacculations of thy- 
mic entoderm appear on the ventrolateral surfaces of the 
third pharyngeal pouch.** Two or three days later, these 
diverticular buds elongate into thymopharyngeal ducts. 
Eventually, thymopharyngeal ducts are pinched off from 
the pharynx and form paired hollow structures called thy- 
mic primordia or anlage. Proliferation of entodermal cells 
occurs within the anlage, and by the middle of the seventh 
week they become paired solid masses. 

The anlage migrate caudally during the eighth week 
and develop elongated stalks. These stalks approach each 
other near the midline, but do not fuse. By the latter part 
of the ninth week, descent of the paired anlage ceases and 
they lie in front of the large vessels in the thorax. Ac- 
tually, it takes about three weeks for the entire process of 
thymic descent to occur. The proximal portions of the 
elongated thymic stalks usually atrophy and disappear. 
Sometimes, remnants of these stalks persist and can be 
found anywhere from the thyroid cartilage to the peri- 
cardium. Gilmour maintains that the ventral portions of 
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Author 
Poliossonsand Fiéry> 


Hyseset al’ 


King® 


Heinz’ 


Weller et ai? 


Crawford et alll 


Williams and Gerder!2 


Wiar et al 


Lane™ 
Coté and Fortin'5 
Gaeckle and Gerber16 


Cziu and Allen” 
Movitz and bkum!'8 


Lewis” 


Freidingret a!20 


Simons et al?! 


Cases of Cervical Thymic Cyst Documented in the Literature 


$e, 


Age, 
Year Cases yr Sex 


Bieger and MeAdams22 1966 5 8 


Treatment 


Excision 


necropsy 


Excision 


Excision 
Excision 


Excision 


Excision 


Excision 
Excision 
Excision 


Excision 
Excision 


Excision 


Excision 


Excision 


Excision 


Excision 


Excision 


Excision 


Excision 


Excision 


Duration 
1901 1 1%M Birth 
1944 1 5 M 8 mo 
1949 8 ? ? ? 
1950 aie ? 
1951 1 4% F 4mo 
197 9r S M 3yr duration with Excision 
sudden enlarge- 
ment 6 weeks 
before opera- 
tion 
1957 =$ M 3 weeks 
959 34-35 M 4yr of asympto- 
matic mass 
with sudden 
growth in the 
past 2 to 3 mo 
960 1 27 F 3 weeks 
s90 43 & F 6 days 
i962 14 21 M 3 weeks 
1962 4 14 F 3 weeks 
1961 4 32 F 3 weeks 
1562 1 13 M 5 weeks 
1363 4 7 M 4yr 
7 M 3 mo 
13 M 4 mo 
8 M 3 days 
T64- 1 5 M 2 weeks 
M 8 days 
8 F 6 mo 
3 F ? 
12 M ? 
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Excision 


Size 
Fist size 


36 gm 
7 X 5.5 X 3.2 cm` 


4 unilocular 
4 multilocular 


? 
4 X 7.5 X 4.5 cm 


4 X 5cm 
Multilocular 


12 X 5X 5cm 
Unilocular 


15 X 6 cm 


2-5 cm 
? 


3 X 4cm 
Unilocular 


4 X5X 6cm 


4 X 5cm 
Unilocular 


2X3X4cm 
Multilocular 


7 X 4 X 3.5-cm 
with cysts up 
to 2 cm 

17 X 4 X 2-cm 
mass with 
multiple cysts 

11 X 4 X 2.5-cm 
mass with 
multiple cysts 

15 X 5 X 2-cm 
mass with 
many cysts 


2.5 X 4.5 cm 


2.4 cm 


3 X 2.5-cm mass 
with multiple 
cysts 


5 X 3 X 2.5-cm 
mass with 
multiple cysts 


4.5 X 1.7 X1.5- 
cm mass with 
multiple cysts 


Contents 
Brown fluid 


Yellow-brown liq- 
uid with cho- 
lesterol crys- 
tals 

Clear fluid with 
cholesterol 
crystals to pul- 
taceous mate- 
rial 

? 

Cloudy, pale- 

brown fluid 


Brown-red fluid 


Yellow turbid fluid 
with fine yel- 
low crystals 

? 


Clear glairy fluid 
? 


Thin, watery, alu- 
minum-col- 
ored fluid 

Clear fluid 


Clear amber fluid 


Clear, pale-yellow, 
gelatinous 


Cloudy 
Green-brown fluid 
Watery fluid 
Brownish fluid 


Thick, reddish- 
brown fluid 


Purulent 


Gelatinous 


Opalescent and 
cloudy 


Lining 
Flat pavement cells 


Pavement cel's 


Spindle cells, squa- 
mous to stratified 
squamous, 
rarely columnar 


Squamous epithelium 


Flattened cells and 
stratified squamous 
cells 


Stratified squamous 
and, in areas, 
necrotic with cho- 
lesterol clefts 


Pavement epithelium 
and fibrous tissue 


Squamous epithelium 


Squamous epithelium 
Squamous epithelium 
Cuboidal 


Squamous epithelium 
Fibrous lining 


? 


Squamous epithelium 
Flattened epithelium 


Squamous, transitional, 
and fibrous 


Fibrous and flat 
epithelium 


Cuboidal lining 


Columnar, pseudo- 
stratified, and no 
epithelium 

Simple squamous, co- 
lumnar, stratified 
squamous, pseudo- 
stratified columnar, 
and no lining 

No lining, simple 
squamous, colum- 
nar, pseudostrati- 
fied columnar tran- 
sitional 

Simple squamous, 
columnar, pseudo- 
stratified, co- 
lumnar 


‘(Continued on page 560.) 
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the fourth pharyngeal pouch also contribute to the forma- 
tion of the thymus gland.” 

During the tenth week, the thymic anlage that consist 
of cords of primitive pharyngeal entodermal epithelial 
cells are invaded by mesenchymal cells from the adjacent 
tissues. The solid cords are broken up into small islands 
and, eventually, they degenerate into Hassall corpuscles. 
Fielding et al state that squamous epithelium from the 
second cervical cleft or sinus may also invade the thymic 
anlage and subsequently form Hassall corpuscles.” In 
other words, Hassall corpuscles of the thymus gland can 
be of ectodermal as well as entodermal origin. The 
mesenchymal tissue forms the reticular network and the 
lymphoid follicles of the thymus gland. It is also alleged 
that reticulum cells may arise from entodermal epithelium 
of the pharyngeal pouches in addition to mesenchymal tis- 
sue of the branchial arches.”° 

By the latter part of the third month, the thymus gland 
undergoes differentiation and forms a cortex and a me- 
dulla. Occasionally, some of the primitive entodermal cells 
of the thymus gland do not degenerate into Hassall cor- 
puscles but, as such, remain into adult life. Consequently, 
routine histological sections of an adult thymus may re- 
veal primitive, large, pale, columnar or cuboidal entoder- 
mal cells, together with the characteristic Hassall cor- 
puscles and reticular-lymphoid tissues. 


Fig 1.—Embryological development of branchial clefts and 
pouches with formation of cervical sinus of His. 
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Cases of Cervical Thymic Cyst Documented in the Literature—(Continued) 








Author Duration Treatment Size | Contents Lining 
Bieger and McAdams” (cont) 74 M ? Autopsy 1-cm multiple cyst ? Simple squamous, 
columnar, pseudo- 
| stratified 

Indeglia et al23 1967 2 15 M Incidental finding Excision Small — Clear Flat epithelium 

& surgery for 

thyroid car- 

cinoma 

68 F Incidental finding Excision Small Amber Epithelium lining 

& surgery for of polygonal cells 

for thyrotoxi- 

cosis 
Mikal 1973 1 21 F 3 weeks Excision Clear, light, straw- Fibrous, cuboidal, 


4X3xX3cm 


colored and pavement cells 





Report of a Case 

A 21-year-old white woman was admitted to the Carney Hospi- 
tal with a lump in the neck. A nontender, painless, swelling sud- 
denly appeared on the left side of her neck two weeks prior to ad- 
mission. 

Examination revealed a 5x 4-cm smooth, round, cystic, nonten- 
der mass in the region of the left lobe of the thyroid gland. This 
tumor ascended on swallowing as well as on protrusion of the 
tongue. A diagnosis was made of hemorrhage into a thyroid ade- 
noma. 

Laboratory studies revealed a protein-bound iodine level of 
6.8ug/100 ml and a total blood iodine value of 7.0ug/100 ml. Radio- 
active uptake study of the thyroid gland was within normal limits. 
Scintigram revealed a cold nodule in the vicinity of the left lobe of 
the thyroid gland. Since the presence of a cold nodule in the thy- 
roid gland was established, surgical excision was advised. 

At surgery, a transparent cyst was found in the region of the 
posterolateral portion of the left lobe of the thyroid gland. This 
cyst had a tract that extended upward to the hypopharynx. The 
cyst and its associated tract were excised. 

A pathological examination indicated that the lesion was a 4x3- 
em structure containing clear fluid. Microscopical sections re- 
vealed a thin, fibrous cyst wall partially lined by small flat cells in 
a single layer. The cyst wall contained multiple foci of lympho- 
cytes and Hassall corpuscles. A diagnosis of benign thymic cyst 
was made. 

The patient made an uneventful postoperative recovery, and 
has remained in good health with no evidence of recurrence for 
more than ten years. 


Fig 2.—Origins of thymic tissue from third and fourth pharyngeal 
pouches. 
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Fig 3.—Margin of crater-shaped lesion showing abrupt transition 


from normal mucosa to grade 3 infiltrative carcinoma (hematoxylin- 
eosin, X32). 
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Fig 4.—Central focus of hyperplasia bounded on either margin by 
lymphoid nodules (hematoxylin-eosin, X 32). 
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of the intestinal villi, and the process extended to involve the 
proximal resection line. 

Microscopically, the carcinoma was a raised mass showing a 
very abrupt transition (Fig 3). This adenocarcinoma showed lim- 
ited mucin-producing qualities and invaded as far as the circular 
layer of the muscularis externa. No areas within its structure 
were identified that could be considered to be benign polyps, hy- 
perplasia, or lymphoid accumulations. 

The hyperplastic foci with which this article is primarily con- 
cerned showed a uniform structure (Fig 4 and 5). Their contours 
tended to be bosselated and mushroom-shaped with a generally 
smooth, free surface. The mouths of crypts of Lieberkiihn were 
wider than normal, and the individual cells tended to take a more 
intense hematoxylin reaction than the adjacent uninvolved muco- 
sal epithelium. An overall decrease in the number of goblet cells 
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was present at the expense of Di, + pa Waa AA 


ments. The component cells were uniformly larger than normal, 
were crowded together, and shewed a tendency to stratification. 
Individual cell polarity was maintained. Mitotie activity was not 
increased over the normal mucosal activity. The stroma of these 
hyperplastic foci was compressed by tke enlarged epithelial ells, 
but it contained the usual number of reund cells. Discrete lymph- 
oid nodules were associated with the majority of the lesions. These 
nodules had prominent germina’ centers and were located ir the 
lamina propria; rarely a nodule sould be seer extending threugh 
the muscularis mucosae into the submucosa. Occasionally these 
hyperplastic foci were unassociated with lymphoid tissue and, con- 
versely, we did see several submucosal nodules that had no pela- 
tionship to epithelial hyperplasia. Circumscribed lymphoid hyper- 
plasia is a well-recognized Dhenamenon throughout the intestine, 
and the rectum appears to have the highest disposition to their 
development. 

Rare lesions seemed to fit the criteria for true polyps on the 
basis of their gross and microscqpical characteristics. They were 
generally of the adenomatous variety, although an occasiona) le- 
sion contained isolated fronds coasistent with the mixed or com- 
posite variety (Fig 6). In only oneof these tumors there-was saffi- 
cient atypia, mitotic activity, and eribrifarm arehi-ecture te justify 
a diagnosis of carcinoma in situ. These polyps were also invariably 
associated with mucosal lymphoic nodules. 


Comment 


The Armed Forces Institue of Pathelozy fascicle on 
Tumors of the Intestines con:ains a suceinct description 
of hyperplasia in the section “Benign Epithelial Tumors of 
the Large Intestine.” It is stated that these foci may 
originate in mucosa that has been exposed to long periods 
of irritation, eg, colostomy sites. The author believes that 
patches of mucosal hyperplasia may constitute the init al 
step in the formation of adenamas and, if atypical, have a 
direct bearing on intestinal carcinogenesis. The peint is 
also made that the mean age of patients with hyperplasia 
is several years less than of these with either adenomas or 
carcinomas. 

Helwig,’ in discussing the evolution of adenemas of the 
large intestine and their relatien to carcinoma, considered 
the hyperplastic foci to be adenomas in a minute stage. Ee 
did not believe that the location of the hyperplastic foci 
was determined by the intest nal lymphoid follicles ner 
were the lymph follicles an essential factor in the evola- 
tion of the adenoma. To support this thecry he cited the 
fact that lymphoid follicles in ether organs, ie, appendix, 
thyroid, are not associated with adenoma formation. He 
also pointed out that the lymphoid nodules, when presenz, 
have no constant relationship relative to the hyperplastic 
zones. He concluded that the lymphoid nodules are ceine- 
dental and undergo hyperplasiz as the result of the pres 
ence of the tumor. 

We find the hyperplasia-lymphoid tissue relationshio 
particularly challenging in view of the current exciting 
immunological studies supporting the concent that host 
defenses against malignant tamors may be mediated 
through lymphocytes. While this concept has langely been 
developed by laboratory studies in the experimental ani- 
mal, there is some related evidence to suggest tumor anti- 
genicity in humans. Many human neoplasms elicit a heavy 
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Diffuse Colonic Mucosal Hyperplasia 


Morphology and Significance 


John T. Prior, MD, Edward Dunn, MD 


An instance of diffuse colonic mucosal hyperplasia associated with 
a carcinoma of the rectum in a young man presented the opportunity 
to study several hundred hyperplastic foci and to contrast their 
structure with other recognized colonic lining abnormalities, ie, epi- 
thelial and lymphoid polyps. The histologic structure of these nod- 
ules is described in detail, with particular emphasis directed toward 
their association with lymphoid accumulations. This combination 
may have particular importance in view of current immunological 
concepts linking host defenses to lymphocytic activity. The contro- 
versial nature of the significance of mucosal hyperplasia is discussed 
and, while failing to document progression to cancer, we do believe 
these foci can be traced in their evolution into adenomatous polyps. 


ecently, in our surgical pathology material, we had 
the occasion to study a carcinoma of the rectum in 
which the surrounding mucosa was the site of several hun- 
dred hyperplastic foci. The specimen presented the oppor- 
tunity to examine a very large number of these mucosal 
abnormalities and to contrast their structure with other 
recognized colonic lining abnormalities such as epithelial 
and lymphoid polyps. The results of this examination con- 
vinced us that mucosal hyperplasia is either not generally 
recognized or possibly ignored by both clinicians and pa- 
thologists. It is also apparent that its significance in terms 
of possible sequels is both poorly documented and highly 
controversial in the pertinent literature. 


Report of a Case 


A 43-year-old white man was admitted to Crouse-Irving Memo- 
rial Hospital on March 20, 1970 with a history of rectal bleeding 
and abdominal bloating of six months’ duration. There had been 
episodes of passage of bright red blood and mucus by rectum. 
Originally this was associated with increasing constipation and 
bloating, but recently he had noted shortness of breath, weakness, 
and exertional dyspnea. He did not have any weight loss, but be- 
lieved that his abdomen had become distended and his clothes too 
tight. The patient, an unemployed construction worker, had had 
an appendectomy and a dislocated hip in the past. His mother had 
had a carcinoma of the rectum 12 years ago and is no longer alive. 

The patient was obese and appeared older than the stated age. 
There were no significant findings on physical examination other 
than pallor of mucous membranes and skin. A posterior mass was 
felt on rectal examination, and there was tenderness and fullness 
in the cul-de-sac. All laboratory data were within normal limits. 
Sigmoidoscopic examination revealed an infiltrating tumor ex- 
tending along the posterior rectal wall, and biopsy examinations 
of the area disclosed a well-differentiated adenocarcinoma. In ad- 
dition, multiple small excrescences interpreted as hypertrophic 
mucosal changes were noted around the polypoid tumor. A barium 
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enema revealed the rectal mass and multiple small filling defects. 

An abdominal perineal resection of the rectum was carried out 
and no evidence of hepatic or abdominal periaortic nodal spread 
was seen. The patient had an uneventful postoperative recovery 
and is well at the present time. 


Surgical Specimen 


The surgical specimen consisted of a portion of descending co- 
lon, sigmoid colon, rectum, and anus. The anorectal area is de- 
picted in Fig 1. At a distance of 1 cm above the pectinate line 
there was a crater-shaped lesion measuring 6 cm transversely by 3 
cm in length. This adenocarcinoma extended grossly into the mus- 
cularis propria, and metastatic tumor was seen in five of the 
lymph nodes. Myriad raised, flat, tan elevations were seen replac- 
ing most of the mucosa throughout the length of the specimen 
(Fig 2). The majority of these appeared to arise from the surface 
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Fig 1.—Anorectal area showing saucer-shaped carcinoma 1 cm 
above pectinate line and mucosal overgrowth by hyperplastic 
nodules. 


Fig 2.—Higher magnification of Fig 1 demonstrating villous and 
intervillous location of hyperplastic foci. 
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Effective performance in surgical and other seriou: 
susceptible hospital infections 


_@ indicated in a wide range of respiratory, G.U., skin/soft 


tissue and other serious hospital infections 

E high blood levels rapidly obtained by both I.V. and I.M. 
routes 

E high stability, small volume for I.M. administration 


CEFADYL® gh cephapirin sodium) 
7628 DIRO- March, 1974 

Description. Cefady!| piers cephapirin sodium) is a cephalosporin antibiotic in- 
tended for intramuscular and intravenous administration only. It is supplied as the 
sodium salt of 7-[a-(4-pyridylthio)-acetamido]-cephalosporanic acic. Each 500 mg. 
contains 1.07 milliequivalents of sodium. 

Human Pharmacology—Following intramuscular administration of single 
500 mg. and 1 Gm. doses to normal volunteers, average peak serum levels of 9.0 
and 16.4 mcg./mi. respectively, were attained at 30 minutes, declining to 0.7 and 
ey meg./ml. respectively, at 4 hours and 0.2 and 0.3 mcg./ml. respectively, at 

ours, 

Cefadyl and its metabolites were excreted Primarily by the kidneys. Antibiotic 
activity in the urine was equivalent to 35% of a 500 mg. dose 6 hours after |.M. 
injection and to 65% of a 500 mg. dose 12 hours after injection. Following an !.M. 
dose of 500 mg., peak urine levels averaged 900 mcg./ml. within the first 6 hours. 

Following rapid intravenous administration of single 0.5 Gm., 1 Gm., and 2 Gm. 
doses, peak serum levels of 35, 67 and 129 mcg./ml. respectively, were attained at 
5 minutes, declining to 6.7, 14.0 and 31.7 mcg./ml. respectively, at 30 minutes and 
0.27, 0.61 and 1.11 mcg./mi. respectively, at 3 hours. 

Seventy percent of the administered dose was recovered in the urine within 
6 hours. Repetitive intravenous administration of 1 Gm. doses over 6-hour periods 
Produced serum levels between 4.5 and 5.5 mceg./ml. 

44 to 50% of Cefadyl is bound to human serum. The average serum half-life of 
Cefadyl in patients with normal renal function is approximately 36 minutes. 

The major metabolite of cephapirin is desacetyl cephapirin which has been 
shown to contribute to antibacterial activity. 

Controlled studies in normal adult volunteers revealed that Cefadyl was well 
tolerated intramuscularly. In controlled Studies of volunteers and of patients re- 
ceiving I.V. Cefadyl, the incidence of venous irritation was low. 

Microbiology—in vitro tests demonstrate that the action of cephalosporins 
results from inhibition of cell-wall synthesis. Cefadyl is active against the follow- 
ing organisms in vitro: 

Beta-hemolytic streptococci and other streptococci. (Many strains of enterococci, 
e.g., S. faecalis, are relatively resistant.) 

Staphylococci, including coagulase-positive, coagulase-negative, penicillinase 


= and non-penicillinase producing strains. Diplococcus pneumoniae, Haemophilus 
- influenzae, Preteus mirabilis, Escherichia coli, Klebsiella species. 


Most strains of enterobacter and indole-positive Proteus (P, vulgaris, P. mor- 
ganii, P. rettgeri) are resistant to Cefadyl. Methicillin-resistant staphylococci, 
erratia, Pseudomonas, Mima’ and Herellea species are almost uniformly resistant 


to Cefadyl. 


Disc Susceptibility Tests—Quantitative methods that require measurement of 
zone diameters give the most precise estimates of antibiotic susceptibility. One 
Such procedure* has been recommended for use with discs for testing suscepti- 
bility to cephalosporin class antibiotics. Interpretations correlate diameters of the 
disc test with MIC values for Cefadyl. With this procedure, a report from the 
laboratory of “‘susceptible’ indicates that the infecting organism is likely to 
respond to therapy. A report of "resistant" indicates that the infecting organism is 
not likely to respond to therapy. A report of ‘intermediate susceptibility” suggests 
that the organism would be susceptible if high dosage is used, or if the infection 
is confined to tissues and fluids (e.g., urine), in which high antibiotic levels are 
attained. 

Indications. Cefadyl is indicated in the treatment of infections caused by sus- 
ceptible strains of the following microorganisms: 

Group A beta-hemolytic streptococci: Skin and soft tissue infections. Respira- 
tory infections. ae 

Unjectable benzathine penicillin is considered to be the drug of choice in treat- 
ment and prevention of streptococcal infections, including the prophylaxis of rheu- 
matic fever. Cefadyl is effective in the eradication of streptococci from the naso- 
pharynx; however, data establishing the efficacy of Cefadyl in the subsequent 
prevention of rheumatic fever are not available at present.) 

Staphylococcus aureus (penicillinase producing and non-penicillinase produc- 
ing): Skin and soft tissue infections. Urinary tract infections. 

iplococcus pneumoniae: Respiratory tract infections. 

Haemophilus influenzae: Respiratory tract infections. 

Escherichia coli: Urinary tract infections, skin and soft tissue infections and 
bacteremia. l 

Klebsiella species: Urinary tract and respiratory tract infections. 

Proteus mirabilis: Urinary tract infections. 


Note: riate bacteriological studies should be performed to identify the 
gausajno organisms and determine its susceptibility. Therapy may be started while 
awaiting results of these studies, 

Contraindications. Cefady! (sterile cephapirin sodium) is contraindicated in pa- 
tients with known allergy to the cephalosporin group of antibiotics. 

Warnings. IN PENICILLIN-ALLERGIC PATIENTS, CEPHALOSPORINS SHOULD 
BE USED WITH GREAT CAUTION. THERE IS CLINICAL AND LABORATORY EVI- 


Any patient who has demonstrated some form of allergy, particularly to she 
should receive antibiotics cautiously and then only when a solutely necessary. No 


_ exceptions should be made with regard to Cefadyl. 





_ TREATMENT WITH EPINEPHRINE. OXYGEN, 


SERIOUS ANAPHYLACTOID REACTIONS REQUIRE IMMEDIATE EMERGENCY 


INTRAVENOUS STEROIDS, AND 


*Bauer, A.W., Kirby, W.M.M., Sherris, J.C., and Turck, M.: Antibiotic Testing by a 
Standardized Single Disc Method, Am. J. Clin. Pathol., 45:493, 1966. Standardized 
Disc Susceptibility Test, FEDERAL REGISTER 37:20527-29, 1972. 


AIRWAY MANAGEMENT, INCLUDING INTUBATION, SHOULD ALEO BE ADMINIS 
TERED AS INDICATED. 

Usage in Pregnancy—Safety of this produet for use during pregnancy has ni 
been established. 
Precautions. The renal status of the patients should be cetermimedi prior to an 
during Cefadyl (sterile cephapirin sodium) therapy, since in patients with impaire 
renal function, a reduced dosa may be appsopriate (see Dosage Adults). Whe 
Cefadyl was given to patients with marked reduction in enel ‘unctionsand io rené 
transplant patients, no adverse effacts were reported. 


ing therapy, appropriate measures should be taken. 

Adverse Reactions. Hypersensitivity—Cephalosporins were ported t odice th 
following reactions: maculopadular rash, urticaria, reactions resembling serum 
Sickness, and anaphylaxis. Eosinophilia and drug fever have Deeneobserved to b 
associated with other allergic reactions. These reactions are most likey to occu 
in patients with a history of allergy, particularly to penicillin. 

Blood—During large scale clinical trials, “are instances of neutropenia, leu 
Kopenia, anemia were reported, Some indiv duals, pa'ticularly those with azo 
temia, have developed positive direct Coombs test curing therapy with othe 
cephalosporins. 

Liver—Elevations in SGPT or SGOT, alkaline phosphatase anc biligubin havi 
been reported. 

Kidney—Rises in BUN have bean observed; their frequency increases in pa 

tients over 50 years old. 
Dosage. Adu/ts—The usual dose is 500 mg. to 1 Gm. every 4 to 6 fours intramus 
cularly or intravenously. The lower dose of 500 mg. is adequate for cemain infec 
tions, such as skin and soft tissue anc most Lrinary tract intections, However, thi 
higher dose is recommended for mcre serious infections. 

Very serious or life-threatening infections may recuire doss up to 12 Gram: 
daily. The intravenous route is p-eferable when high dcses are indicatec. 

Depending upon the causative crganism and the saverity of infectier, patient: 
with reduced renal function (mcderately severe oligura cr serem catrene above 
5.0 mg./100 ml.) may be treated adequately with a lower dese, 7.5 to 1£ mg./Kg 
of cephapirin every 12 hours. Patients with s2verely reduced renal function anc 
who are to be dialyzed should receive the seme dose ust prior to @iélysis anc 
every 12 hours thereafter. 

Children—The dosage is in accordance with age, weight ard severity of infec. 
tion. The recommended total daily dose is 4C to 80 mg./Kg. (20 to 4C mg./lb.) 
administered in four equally divided doses. 

The drug has not been extens vely studied in infants; therefcre, im the “reetment 
of children under the age of three months the reletive benefit/risk sould be 
considered. 
nap in beta-hemolytic streptococcal infections should continue for at least 

ays. 

Where indicated, surgical prozedures shoulc be pe-formed in conjuaction with 
antibiotic therapy. 

Administration. Cefady| may be acministered by the intramuscular or the intra- 
venous routes. i 

Intramuscular Injection—The 1 Gm. vial should be reconstituted with 2 ml. of 
Sterile Water for Injection, U.S.P. Each 1.2 mi. conteins 500 mg. of eeahepirin. 
All injections should be deep in the muscle mass. 

Intravenous Injection—The intravenous route nay be preferabie for patients with 
bacteremia, septicemia, or other severe or life-threatening in*ections wnc may be 
poor risks because of lowered resistance resuRting frem such debi tating condi- 
tions as malnutrition, trauma, Surgery, diabetes, heart failure. or maéligmaacy par- 
ticularly if shock is present or impending. If patient has impaired renal ‘unetion, 
a reduced dose may be indicatad (see Dosage, Aduits). In conditions such as 
septicemia, 6 to 8 Gm. per day may be given irtravenously fer several Gays at the 
beginning of therapy; then, depending on the clinical response end leboratory 
findings, the dosage may gradual y be reduced. 

When the infection has been refractory to previous forms ofttreatment and multi- 
ple sites have been involved, daily coses up to 12 Gm. have been used. 

Intermittent Intravenous Injectton—The contents of the 1 Gm. vial sheutd be di- 
luted with 10 ml. or more of diluant and admin stered slowly~over a 3 to 5 minute 
period or may be given with intravencus infusions. 

Intermittent Intravenous Infusion with Y-Tude—Interm ttent intravenous infu- 
sion with a Y-type administration set can also be accor plished while bulk int-ave- 
nous solutions are being infused. However, Gurirg infus on of the soletion contain- 
ing Cefadyl (sterile cephapirin Sodium), it is cesirable to discontimue the other 
solution, When this technique is 2mployed, careful attenticn snauld Be pac to the 
eee of the solution containirg Cefadyl so that the calculated dose will be 
infused. 

Continuous Intravenous Infusion—After reconstitution, Cefacyl may be aided to 
the solutions listed below unde- Stability. The choica cf solution and volume 
should be dictated by the fluid and electrolyte management of the patient, 
Stability. Storage Stability—After reconstitution, Cefadyl is stable for 12 hours at 
room temperature and 10 days urder refrigeraticn wher reconstituted with Sterile 
Water for Injection, U.S.P. The PH of the resu'tant sclut.on ranges from 6.5 to 
8.5. During these storage conditions, no precipitation occurs. A change in solution 
color during this storage time does not affect tre potency. 

Compatibility with the Infusion Solutions: Cefadyl is stadle-and compatible for 
24 hours at room temperature at concentrations between 2 mg./mi. and 30 mg./ml. 
in the following solutions: | 

Sodium Chloride Injection, U.SP., 5% W/V Cextrose in Water, U.S.P* Sodium 
Lactate Injection, U.S.P., 5% Dextrose in Normal Saline U.S.P , 10% Inver: Sugar 
in Normal Saline, 10% Invert Sugar in Water, 5% Dextrose +0.2% Sodium Calo- 
ride Injection, U.S.P., Lactated Ringer's with 5% Dextrose, 5% Dextrese +0.45% 
Sodium Chloride Injection, U.S.P., Ringer's Injection, U.S.P., LactatediRinger's In- 
jection, U.S.P., 10% Dextrose Injection, U.S.P. 
Supply. Cefady! (sterile cephapirin sodium) for .M. or 1V. injection. Cèpñapirin 
sodium equivalent to 1 Gm. cephadirin. NDC 0015-7628-4-Gm. vial. 


| BRISTOL LABORATORIES 
BRISTOL | Division of Bristol-Myers Company 
Ls Syracuse, New York 13201 


to fit severity of infection and 
renal status of patient: 


The usual adult dose of Cefady] is 0.5 Gm. to 

1 Gm. every 4 to 6 hours intramuscularly 

or intravenously. Doses up to 12 Gm. daily may 
be used in very serious or life-threatening 
infections. | 


No nephrotoxicity reported 
during extensive clinical trials 


In fact, when Cefadyl was given to patients with 
marked reduction in renal function and to renal 
transplant patients, no adverse effects were 
reported. However, renal status of patients 
should be determined prior to and during Cefady] 
therapy, since in patients with impaired renal 


er function, a reduced dose may be appropriate. 
Low incidence of VCnous Rises in BUN have been observed; their fre- 


irritation on IN. administrati Wee.  QUency increases in patients over 50 years old. 
| (See Dosage, Adults —in Prescribing Informa- 


well tolerated locally tion on last page.) 


In controlled studies of volunteers and of 
patients receiving I.V. Cefadyl, the incidence of 
venous irritation was low. Controlled studies in 
normal adult volunteers revealed that Cefady] 
was well tolerated intramuscularly. 

Cephalosporins are reported to produce 
maculopapular rash, urticaria, reactions re- 
sembling serum-sickness and anaphylaxis. 
Eosinophilia and drug fever have been observed 
to be associated with other allergic reactions. 
These reactions are most likely to occur in 
patients with a history of allergy, particularly 
to penicillin. 

In peniciliin-allergic patients, cephalosporins 
should be used with great caution. There is 
clinical and laboratory evidence of partial cross- 
allergenicity of the penicillins and the cephalo- 
sporins, and there are instances of patients who 
have had reactions to both drugs (including fatal 
anaphylaxis after parenteral use). 
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sterile 
cephapirin sodium 


Please see next page for Prescribing Information. 





BRISTOL 


Hee I E periurr alice i 
postsurgical and other serious 
susceptible hospital infections 


Bacteriologically controlled studies to D. pneumoniae, Group A beta- 
demonstrated efficacy in patients with: hemolytic streptococci, Klebsiella 

m Skin and soft-tissue infections due spp. or H. influenzae. 

to Staphylococcus aureus, including m Genitourinary tract infections due 


penicillin G-resistant staph, Group A to E. coli, P. mirabilis, Klebsiella 
beta-hemolytic streptococci or E. colt. spp. or Staphyloccccus aureus, 
= Respiratory tract infections due including penicillin G-resistant staph. 





Situation: constipation: laxation: 


Post-operative...recent surgery... | Constipating analgesics and sedatives... 
still confined to bed... immobilization. ..reduced food and fluid 
or restricted ambulation... intake... constipation common... fecal 


impaction a threat to be avoided... 


Gentle and predictable with 
colon-specific SENOKOT Tablets/ 
Granuies. Virtually free from side © 
effects in appropriate dosage. 


Supplied: SENOKOT Tablets | 
(small, easy-to-swallow)—Bottles — 
of 50 and 100. SENOKOT 
Granules (delicious, cocoa- 
flavored)—4, 8 and 16 ounce 

(1 lb.) canisters. 


enoko 


(standardized senna concentrate) 


Tablets/ Granules 
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Fig 2.—Cervical hyperostosis, C-4 to C-7. Left, Anterior view; note characteristics of this condition. Right, Lateral view, showing promi- 
normal joint structure and poor visualization of hyperostosis, both nent hyperostosis with bony bridging of vertebral bodies. 
Fig 3.—Barium swallow showing pooling of barium above esoph- Fig 4.—Postoperative lateral view showing cervical spine after re- 


ageal impingement by bony mass. moval of mass. 





os. 
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a few minutes. 

Examination revealed that the range of motion of the left side 
of the neck was appreciably limited and that the visceral struc- 
tures of the front of the neck protruded noticeably (Fig 1). No 
masses were palpable. Compression on the forehead, with the neck 
extended, caused neck pain but pain did not radiate to the arm. 
Results of the neurologic examination were normal; there was no 
evidence of compression of either the spinal cord or the spinal 
nerves. Results of examination of the ears, nose, and throat also 
were normal; the vocal cords moved well. 

Roentgenograms of the cervical spine revealed hyperostosis on 
the anterior aspect of the fourth through seventh vertebrae. The 
hyperostosis formed a mass that was large enough to cause an ob- 
vious anterior displacement of the pharynx and trachea (Fig 2). 
Barium swallow studies showed anterior displacement of the 
pharynx with pooling of barium above the bony mass (Fig 3). 
Esophageal motility was normal. 

Because the bony protrusion was causing dysphagia, the os- 
teophytic mass was excised. The mass was approached through an 
oblique left cervical incision. The pharynx and esophagus were 
freed from the profuse growth of bone, and the prevertebral fas- 
cia was split longitudinally. The mass was excised completely 
enough to afford decompression. Fusion of the cervical spine was 
not performed because cervical stability appeared unaffected. The 
patient did well and was discharged on the fourth postoperative 
day; the appearance of the cervical spine at this time is illustrated 
in Fig 4. At follow-up interview three months after operation, the 
patient stated that the result of the operation was excellent and 
that her symptoms had been immediately and completely relieved. 


Comment 


Cervical osteophytic compression of the esophagus is a 
rare cause of dysphagia. Of the 60 reported cases, treat- 
ment has been surgical in approximately ten cases. Mo- 
sher’ first described dysphagia secondary to cervical exos- 
tosis in 1926. In 1938, Iglauer* reported the first surgical 
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Fig 1.—Visceral protrusion caused by cervical osteophyte formation. Left, Anterior vi 


removal of such an osteophyte. In 960, Hilding and Tac 
djian® reviewed the world lierature ard found only 36 
cases of dysphagia associated with osteopaytosis. Maran 
and Jacobson” advocated cervical spine fusion in addition 
to excision of the osteophytes. 

There are many causes of osteophyte formation in the 
cervical region, but most often esteophytes form secend- 
ary to some type of degenerative joint disease. Ii is diffi- 
cult to speculate how many ceses—if any at all, exelucmg 
the two reported by Meeks and Renshaw—may have been 
secondary to ankylosing vertebral hyperostosis. Other 
causes of dysphagia from kony, prominerces are vongeni- 
tal formation of a bone bar,’ presence of a large spur De- 
tween the first and secon vertebrae," hypertropaic 
changes in the cervical spine,’ and calcifization of the nu- 
cleus pulposus with anterior herniation." 

The pathogenesis of ankylosing vertebral hyperestesis 
has not been established. Its oecurrence appears tc be lim- 
ited to relatively older persors, predominantly men. No 
association with any particular type of job cr activity mas 
been found. It has been proposed that advancing age and 
decrease in elasticity of the intervertebral cisks cause an 
increase in the tension on their periphery and that the m- 
creased tension may play a role in osteogenesis ane subse- 
quent hyperostotic formation. The roles of general_and b- 
cal factors are also questionable. 

The pathogenesis of dysphagia secondary to osteophy-e 
compression is easily understandable. The 2sephagusis at- 
tached only at the cricoid car-ilage and the diaphragm. 
Impingement, therefore, woulc oecur only near the fixed 
points of the esophagus, that is, in the cervical region er 
against the aorta in the regior of the diaphragm. 

Before a definitive diagnos is made, the commoner 
causes of dysphagia must be ruied out. Of the ten patients 


ew; Right, Latera! view 
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Ankylosing Vertebral Hyperostosis 


Causing Dysphagia 


Mark J. Carlson, MD; 
Richard N. Stauffer, MD; 
W. Spencer Payne, MD 


Dysphagia due to ankylosing vertebral hyperostosis is occasionally 
observed. Osteophyte formation of the anterior cervical spine is a 
rare cause of dysphagia. Ankylosing vertebral hyperostosis is quite 
distinct from degenerative joint disease. Aging and decreased elas- 
ticity of the intervertebral disks probably cause an increased tension 
on the periphery of the disks, which in turn leads to osteogenesis. 
Surgical treatment should be considered only if the mass causes 
symptoms and after appropriate studies permit one to exclude malig- 
nant neoplasm or other soft-tissue lesions as being causes of dys- 
phagia. 


[nz caused by osteophyte formation of the 

anterior cervical region has been reported in only ap- 
proximately 60 cases. The osteophyte formation is usually 
secondary to various types of degenerative disease. Meeks 
and Renshaw,’ however, recently reported two cases of 
dysphagia that resulted from ankylosing vertebral hyper- 
ostosis, a condition that is quite different from degenera- 
tive joint disease. The purpose of this article is ta report 
an additional case and to define ankylosing vertebral hy- 
perostosis as a distinct, though rare, cause of dysphagia in 
otherwise healthy patients. 

The subject of ankylosing vertebral hyperostosis has 
been reviewed by Forestier and Lagier.? The condition 
was originally described by Forestier and Rotes-Querol’ as 
an ankylosis that differed from osteoarthritis, ankylosing 
spondylitis, and spondylosis. It has been referred to by 
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various authors as vertebral osteophytosis,* physiologic 
vertebral ligamentous calcification,» and generalized 
juxta-articular ossification of ligaments of the vertebral 
column.’ The general features of this condition are as fol- 
lows: Hyperostosis predominantly involves the anterior 
surface of the vertebral cortex and encompasses the entire 
height of the vertebral body, and it usually involves an 
isolated number of vertebrae, bony bridges being formed 
between the bodies. In contrast to degenerative joint dis- 
ease, the small joints (both apophysial and sacroiliac) are 
all normal; osteoporosis is also rare, and vertebral bodies 
do not show signs of destruction. Pain at night and spinal 
pain are absent. Spinal mobility is decreased only if bony 
bridges are formed between vertebrae. The hyperostoses 
are best seen on lateral roentgenograms and poorly seen 
on anterior roentgenograms. 


Report of Case 


A 57-year-old woman was admitted with complaints of neck 
pain and trouble in swallowing. She was otherwise healthy. Ap- 
proximately four years earlier, she had begun to experience se- 
vere left-sided throbbing headaches. These occurred two or three 
times each week and were relieved by medication. About two 
years before admission, she had noticed difficulty in bending or ro- 
tating her head to the left and also vague left arm pain associated 
with numbness and tingling of the third and fourth left fingers. 
During the year before admission, she had noticed difficulty in 
swallowing. Food seemed to “hang” in her throat, and she had to 
chew carefully to avoid swallowing large pieces of food. She de- 
scribed episodes of spasm that were characterized by an inability 


to speak or swallow for a few seconds. She wore a cervical collar. 


when riding or walking on rough ground. During the previous few 
months, she had noticed the onset of hoarseness after talking for 
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‘CEFAZOLIN SODIUM 


Before prescribing, see complete prescribing information in SK&F 
literature or PDR. The following is a brief summary. 


DESCRIPTION 

Ancef® (sterile cefazolin sodium, SK&F) is a semi-synthetic cepha- 
losporin for parenteral administration. It is the sodium salt of 3- {{(5- 
methyl-1, 3, 4-thiadiazol-2-yl)thio]methy!|-8-oxo-7-{ 2-( 1H-tetrazol- 
1-yl) acetamido]-5-thia-1 -azabicyclo[4.2.0]oct-2-ene-2-carboxylic 
acid. The sodium content is 46 mg. per gram of cefazolin 


ACTIONS 

Microbiology: //n vitro tests demonstrate that the bactericidal action 
of cephalosporins results from inhibition of cell wall synthesis. 
‘Ancef is active against the following organisms in vitro: 


Staphylococcus aureus (penicillin-sensitive and penicillin-resistant) 
Group A beta-hemolytic streptococci and other strains of strep- 
tococci (many strains of enterococci are resistant) 


Diplococcus pneumoniae Klebsiella species 

Escherichia coli Enterobacter aerogenes 

Proteus mirabilis Hemophilus influenzae 

Most strains of Enterobacter cloacae and indole positive Proteus 

(P. vulgaris, P. morgani, P. rettgeri) are resistant. Methicillin-resistant 
staphylococci, serratia, pseudomonas, mima, herellea species are 
almost uniformly resistant to cefazolin. 


INDICATIONS 
Ancef (sterile cefazolin sodium, SK&F) is indicated in the treatment of 


the following serious infections due to susceptible organisms: 


Respiratory tract infections due to Diplococcus pneumoniae. 
Klebsiellaspecies, Hemophilus influenzae, Staphylococcus aureus 
(penicillin-sensitive and penicillin-resistant), and group A beta- 
hemolytic streptococci. 


Injectable benzathine penicillin is considered to be the drug of choice 
in treatment and prevention of streptococcal infections, including 

the prophylaxis of rheumatic fever. ‘Ancef' is effective in the eradica- 
tion of streptococci from the nasopharynx; however, data establish- 
ing the efficacy of ‘Ancef' in the subsequent prevention of rheumatic 
fever are not available at present. 


Genitourinary tract infections due to Escherichia coli. Proteus 
mirabilis, Klebsiella species, and some strains of enterobacter and 
enterococci. 


Skin and soft-tissue infections due to Staphylococcus aureus 
(penicillin-sensitive and penicillin-resistant) and group A beta- 
hemolytic streptococci and other strains of streptococci. 


Bone and joint infections due to Staphylococcus aureus. 


Septicemia due to Diplococcus pneumoniae, Staphylococcus 
aureus (penicillin-sensitive and penicillin-resistant), Proteus mirabilis, 
Escherichia coli, and Klebsiella species. 


Endocarditis due to Staphylococcus aureus (penicillin-sensitive and 
penicillin-resistant), and group A beta-hemolytic streptococci 


Appropriate culture and susceptibility studies should be performed 
to determine susceptibility of the causative organism to ‘Ancef’. 


CONTRAINDICATIONS 
‘ANCEF’ IS CONTRAINDICATED IN PATIENTS WITH KNOWN 
ALLERGY TO THE CEPHALOSPORIN GROUP OF ANTIBIOTICS. 


WARNINGS 

IN PENICILLIN-ALLERGIC PATIENTS, CEPHALOSPORINS 
SHOULD BE USED WITH GREAT CAUTION. THERE IS CLINICAL 
AND LABORATORY EVIDENCE OF PARTIAL CROSS-ALLER- 
GENICITY OF THE PENICILLINS AND THE CEPHALOSPORINS, 
AND THERE ARE INSTANCES OF PATIENTS WHO HAVE HAD 
REACTIONS TO BOTH DRUG CLASSES (INCLUDING FATAL 
ANAPHYLAXIS AFTER PARENTERAL USE). 


Any patient who has demonstrated some form of allergy, particularly 
to drugs, should receive antibiotics, including Ancef (sterile 
cefazolin sodium, SK&F) cautiously and then only when absolutely 
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necessary. Serious anaphylactoid “eactions requireimmediate 
emergency treatment with eoinephrine. Oxygen, intravenous 
Steroids, and airway management. including intubation, should aso 
be administered as indicated. 

Usage in Pregnancy: Safety of thispproduct for use during pregnancy 
has not been established 

Usage in Infants: Safety for use in prematures and infants under ` 
month of age has not been establisned 


PRECAUTIONS 

Prolonged use of cefazolin sodium may result in the overgrowth af 
nonsusceptible organisms. Careful clinica observaton o' the patient 
is essential. 


When ‘Ancef' is administerec to patents wth low Jrinary eutput 
because of impaired renal funct on. lower daily dosage is required 
(see dosage instructions). A “alse positive reaction for glucose in the 
urine of patients on ‘Ancef' has occurred with Cliritest® tablets 
solution. 

ADVERSE REACTIONS 

The following reactions have been reported: 

Hypersensitivity: Drug fever skin rash, vulvar pruritus, and 
eosinophilia have occurred. 

Blood: Neutropenia, leukopenia, thrombocythemia and positive 
direct and indirect Coombs tests have occurred 

Hepatic and Renal: Transien: rise ir SGOT SGPT, BUN and alkaline 
phosphatase levels has been observed 

Gastrointestinal: Nausea, anorexia. vomiting, diarrhea, oral can- 
didiasis (oral thrush) have been reported. 

Other: Pain at site of injection after intramuscular administration has 
occurred, some with induration. Phbitis a` site of infectiom has been 
noted. 


DOSAGE AND ADMINISTRATION 

‘Ancef' may be administered intramusculary or intravenously after 
reconstitution. 

Dosage 

In adults, usual dosage for miid cram-pesitive infections is 250 mg 
to 500 mg. of ‘Ancef' every 8 hours. n acute uncomplicated urinary 
tract infections, a dosage of 500 mg. every 8 hours is usually ade- 
quate. In moderate or severe infecticns. the usual adult dosageis 
500 mg. to 1 gram of 'Ancef' every 6 to 8 hcurs. ‘Ancef' has been 
administered in dosages of six grams per day in serious infections 
such as endocarditis. ‘Ancef' may be used in patients with seduced 
renal function with the followirg dosage adjustmerts: In patients 
with mild to moderate impairment (creatinine clearance of 50-40 
mi./min.) 60% of the normal daily dose given in divded doses q1 2h 
should be sufficient. In patients with moderate impeirment (creatinine 
clearance of 40-20 ml/min.) 25% ofthe normal daily dose given in 
divided doses qi 2h should be sufficient. In patiente with marked 
impairment (creatinine clearance of 20-5 mL/min.) 10% of ‘he 
normal daily dose given q24h shoulc be adequate. All dosage 
recommendations apply after an initial loading dose of 500mg. 


In children, a total daily dosage of 25ito 50 mg. perkg (approxi- 
mately 10 to 20 mg. per pound) cf bedy weight, divided inte three cr 
four equal doses, is effective fcr most mild tc moderately severe 
infections. Total daily dose may be increasec to 100 mg. per kg. [45 
mg. per pound) of body weight for severe imections. Since safety far 
use in premature infants and in infan under one month hes not 
been established, the use of ‘A1cef' in these Datients is not ecom- 
mended. 


For additional information on cosage and acministration, see pack- 
age literature or contact your SK&F Representative 

HOW SUPPLIED 

Ancef® (sterile cefazolin sodium, SK&F)—scppliedin vials equivalen 
to 250 mg., 500 mg., and 1 gram of cefazolin. 


Smith Kline & French Laboratories, Division of Smrhkiine Corp, 
Philadelphia, Pa. 19101 
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Advantages 


‘ANCEF’ I.V. produces high serum 
levels. 


O 10 20 30 40 50 60 70 80 90 100 110 120 Min. 


Average Serum Concentration of ‘Ancef' following a single 1 gram 
| V. injection. “Study conducted in 20 healthy adult volunteers.) 


‘ANCEF’ Indications 


Respiratory tract infections due to D. pneu- 
moniae, Klebsiella species, H. influenzae, S. 
aureus and group A beta-hemolytic streptococci. 
Genitourinary tract infections due to E. coli, 

P mirabilis, Klebsiella species and some 

strains of enterobacter and enterococci. 

Skin and soft-tissue infections due to S. aureus, 
group A beta-hemolytic streptococci and other 
strains of streptococci. 

Bone and joint infections due to S. aureus. 
Septicemia due to D. pneumoniae, S. aureus, 

P. mirabilis, E. coli and Klebsiella species. 
Endocarditis due to S. aureus and group A 
beta-hemolytic streptococci. 


Appropriate culture and susceptibility studies should be performed 
to determine susceptibility of the causative organism to 'Ancef'. 





‘ANCEF' I.V. has a low risk of 
phlebitis at the in panties site. 


Duration 
of I.V. 
Therapy 


1 day or less 


10 days 
More than 10 days 


Total 





Of 273 patients receiving ‘Ancef' intravenously, 6 patients or 
2.2% reported phlebitis at the injection site. Ascanbeseen E 
in the above chart, which presents the duration of I.V. — 4 z 
therapy, average daily dose and the occurrence of phlebitis, 
most cases of phlebitis occurred in the first few daysof = zy 
therapy which may be indicative that the inflammation was —— 
caused by the mechanical trauma of setting up the LV. alas at 
than continuing irritation of the drug itself. U 
These data were derived from pre-marketing clinical stu es 
in small populations. Further clinical vegas se > ; 
a greater incidence of adverse effects. min eae 
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Pain on injection is infrequent 
with ‘Ancef’. 


ANCEF’® Has Produced 
No Nephrotoxicity 


in Extensive Clinical Trials. 


(Transient rise in SGOT, SGPT, BUN and alkaline phosphatase 
levels has been observed without Clinical evidence of renal or 
hepatic impairment.) 


Adverse Reactions. 


Adverse reactions reported in the clinical trials included: pain 

on injection, rash, G.I. symptoms, pruritus and phlebitis. For a 
complete list of adverse reactions associated with ‘Ancef' therapy, 
please see brief summary of prescribing information on next page. 


See following page for a brief summary of prescribing information 
including contraindications, warnings, precautions and dosage. 


Smith Kline & French Laboratories 
Division of SmithKline Corp., Phila., Pa. 19101 
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250 mg., 500 mg., and 1 gram vials (hyopnilized) 
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Offers the convenience of I.M. 
or I.V. administration. 
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Parenteral Cephalosporin Antibiotic 
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Joel Posner, M.D. eTHE OTHER FACE 
OF SWEDISH MEDICINE (Part II) 


Is Swedish health care the model for the world that 
its supporters claim it to be? Is it better than 
America’s, or does evidence suggest it may not be 
as good? Are Sweden’s superb health statistics the 
result of the medical system or the Swedes’ 
emphasis on good health habits? 


William and Ellen Hartley e“MADRE de DIOS! 
WHERE CAN | GO?" 


That anguished cry typified the plight of Florida's 
migrant workers. How has an innovative system of 
medical services responded to their desperate needs? 
How has it succeeded in upgrading migrant health -- 
and even defeating a typhoid epidemic? Read this 
first-hand report. 


Peter Rogatz, M.D.eLET’S GET RID OF THOSE 
SURPLUS HOSPITAL BEDS 


Is there proof that a surplus really exists? Do 
providers create additional demands for services 
whenever supply rises above demand? What can be 
done to prune the needless costs of the bed sur- 
plus? Read this Blue Cross official's eight-point 
plan. 


Joseph Epstein e WE’RE ALL LOSERS 
IN THE BEDROOM OLYMPICS 


How have Freud’s commendable efforts to losen 
the rigid collar of sexual conduct led to ridiculous 
expectations and loveless lives? What’s gone wrong 
in the American bedroom - and why? 


Edward Campion, M.D.eSHORT-CUT TO 
A MEDICAL DEGREE 


Does the experimental, three-year medical school 
program cut out essentials or fat? Is teaching 
more clinically oriented or less so? Are three- 
year graduates as well prepared for internship as 
four-year graduates? 
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3 and ectoderm of the second cleft. 


A false or pseudothymic cyst actually is an ordinary 
branchial cyst that arises from the second cleft or the cer- 
vical sinus of His and, incidentally, contains some ectopic 
thymie tissue adjacent to or within its wall. Consequently, 
a false thymic cyst is a branchial cyst with heterotopic 
thymic tissue and is derived from two germ layers, ecto- 
derm and entoderm. 

A clue to the type of branchial derivative that is present 
in the neck may sometimes be ascertained by tracing the 
course of the internal sinus. In a true thymic cyst, the 
tract passes posterior to the carotid bifurcation and termi- 
nates in the piriform fossa. In contradistinction, the inter- 
nal tract from a branchial cyst that originates from the 
second cleft and pouch (false thymic cyst) passes between 
the internal and external carotid arteries just above the 
carotid bifurcation and ends in the superior tonsillar 
fossa. i 

Statements have been made, clinically and also in texts, 
that cholesterol crystals, cholesterol clefts, cholesterol 
granulomas, and lymphoid follicles are characteristic fea- 
tures of branchial cysts that arise only from the second 
cleft or pouch. Such dictums are erroneous because these 
features may be found in other branchial derivatives. 

Analysis of 47 cases of cervical cysts, of which 25 were 
branchial, 12 thyroglossal, eight thyroid, one thymic, and 
one parathyroid, revealed that cholesterol crystals are 
often present in the luminal fluid, and cholesterol clefts or 





granulomas and lymphoid tissue are a a 
rated in the wall of these cysts. The only exeepti™m to 
these findings was parethyreid cyst, beeause the fluid con- 
tent was clear and the wall was free of cholesterel depos- 
its. A review of 13 additional parathyroid cysts trom the 
literature revealed that cholesterol crystals were not 
found intramurally or intralaminally, and in only one case 
were lymphocytic aggregates present in the wall.” Con- 
sequently, cholesterol crysta.s suspended within the lami- 
nal fluid and cholesterol clefts, cholesterol granulomas, 
and lymphoid aggregates in the wall of a cervical cyst are 
not the exclusive features o7 a branchial cyst that origi- 
nates from the second cleft o> pouch, but are character stic 
findings of all types of brandhiogenic cysts such as thyro- 
glossal, thyroid, and thymic cysts, with the possible exelu- 
sion of parathyroid cyst. 

The diagnosis of a true thrmic cyst, therefore is made 
when the lining epithelium has ciliated or noneiliased, 
stratified or pseudostratifiec, cuboidal or colummar ~es- 
piratory epithelium and its wall possesses Hassall zor- 
puscles. Its wall may also contain ckolesterol clefts, choles- 
terol granulomas, and lymphoid follicles or lymphoeztic 
aggregates and the lumen may have cholesterol erys-als 
suspended in the fluid. In cortrast, a false thymiecys= is 
lined by squamous epithelial cells, has cholesterol crystals 
floating in the luminal fluid and contains lympheid 70l- 
licles plus ectopic thymic tissae in zhe wall. 





References 


1. Albers GD: Branchial anomalies. JAMA 183:399-410, 1963. 

2. Krech WG, Storey CF, Umiker WC: Thymic cysts. J Thorac 
Surg 27:477-493, 1954. 

3. Dubeis P: Du diagnostic de la Syphilis congenitale. Gaz Med 
Paris 21:392-395, 1850. 

4. Westenryk V: Zur Casuistik der Mediastinalcysten. Prag 
Med Wehaschr 25:373-376, 1900. 

5. Pollosson A, Piéry M: Un cas d’épithelioma primitif du 
thymus. Prov Med Lyons 15:1-4, 1901. 

6. Pezceller A: Contributo allo Studio della Cisti Congenite del 
Collo di Origine Timica. Clin Chir 32:272-284, 1929. 

7. Hyde TH, Sellers ED, Owen M: Thymic cyst of the neck. 
Texas State J Med 39:539-540, 1944. 

8. King ESJ: The lateral lymphoepithelial cyst of the neck 
(“branchial cyst”). Aust NZ J Surg 19:109-121, 1949. 

9. Heinz ID: The association of lymphoid and epithelial tissue in 
the neck and mediastinum, in Studies in Pathology Presented to 
Peter MacCallum. Victoria, Australia, Melbourne University 
Press, 1950, Pp 69-80. 

10. Weller RW, Pearce AE, Rapoport M: Thymic cyst of the 
neck. Arch Pathol 52:569-573, 1951. 

11. Crawford AD, Evans PV, Thompson W: Thymic cyst in the 
neck: Case report. J Indiana State Med Assoc 50:715-719, 1957. 

12. Williams RB, Gerber DM: Aberrant cystic thymus gland of 
the neck. Am J Surg 93:473-476, 1957. 

13. Viar WN, Donald JM, Clemmons LH: Thymic cyst in the 
neck. Am Surg 25:18-19, 1959. 

14. Lane D: Thymic cyst. Med J Aust 47:419-420, 1960. 

15. Côté R, Fortin C: Thymic cysts of the neck. Can J Surg 
4:566-569, 1961. 

16. Gaeckle DJ, Gerber ML: Thymic cyst in the neck. Am J 


562 Arch Surg/Vol 109, Oct 1974 


Surg 103:755-757, 1962. 
1%. Ozlu C, Allen JD: Unilatera thymic cyst of the necx. J Ky 


Med Assoc 60:743-745, 1962. 


18. Movitz D, Lum CH: Thymic 2yst of the neck simulating goi- 
ter. Surgery 51:456-460, 1961. 

19. Lewis MR: Persistence of the thymus in the cervical arez. J 
Pediatr 61:887-893, 1962. 

20. Fielding JF, et al: Cystic degeneration in persistent eervial 
— A report of four cases in zhildren. Car J Surg ©17%-136, 


21. Simons JN, Robinson DW, Masters FW: Cervical thymic 
cyst. Am J Surg 108:578-582. 1964 
Pg iv ed RC, McAdams AJ: Thymic cysts. Arch Pathel 32:535- 

23. Indeglia RA, Shea MA, Grage T: Congenital cysts of the 
thymus gland. Arch Surg 94149-152, 1967. 

24. Patten BM: Human Embryowgy. ed 2. New York, Elakiston 
Co, 1968, pp 524-540. 

25. Gilmour JR: Some developmental abnermalities of tne 
thymus and parathyroids. J Patho Bacteriol 52:213-218, 1941. 

26. Laage-Hellman JE: Accessozy thymus tissue of the nedk. 
Acta Otolaryngol 42:375-378, 1952. 
á Kea a a it Thymoma intratracheale. Z Allg Patho! #0:308- 

, 1934. 

28. Pirkey WP: Epithelioma of undescended thymus im a chil. 
Arch Otolaryngol 59:237-240, 1954. | 

29. Crile G Jr, Perryman RG: Parathyroid cysts: Report of fire 
cases. Surgery 34:151-154, 1953. 

30. Thacker WC, Wells VH, Hall &R Jr: Parathyroid cyst of tke 
mediastinum. Ann Surg 174:969-979, 1971 


Cervical Thymic Cyst’ Mika 


F 


Clinical Features 


Cervical thymic cyst is a rare lesion. Ordinarily, it is not 
found at birth, but appears later in life. Males and females 
are affected with about equal frequency. In most cases, 
the cervical thymic cyst appears suddenly, and it is associ- 
ated with very few symptoms. Some patients, however, 
may complain of difficulty in swallowing, soreness, and 
tenderness of the mass. Thymic cyst is most commonly lo- 
cated posterior to the lateral lobe of the thyroid gland, at 
the middle third of the anterior border of the ster- 
nocleidomastoid muscle. However, it may also be found 
anywhere from the piriform fossa of the pharynx to the 
anterior mediastinum. 


Pathology 


Thymic cyst may be unilocular or multilocular. It varies 
in size from 1 cm to 15xX6-cm in diameter.'**? Content 
ranges from clear or straw-colored fluid to pultaceous ma- 
terial. Cholesterol crystals are frequently suspended in the 
luminal fluid. In addition, cholesterol crystals may be em- 
bedded in the wall of the cyst, forming so-called choles- 
terol clefts and cholesterol granulomas. The cyst wall may 
be lined by spindle, cuboidal, or columnar cells, some of 
whieh are ciliated or nonciliated, stratified or pseudostra- 
tified. On occasion, the epithelial lining may be destroyed 
by infection or pressure necrosis, so that only a fibrous 
shell remains. Characteristically, Hassall corpuscles are 
found to lie within or just adjacent to the wall of the cyst, 
and lymphocytic aggregates or lymphoid follicles may fre- 
quently be present in the wall. Malignant degeneration of 
a cervical thymic cyst has never been reported. Never- 
theless, such a possibility cannot be excluded because 
Laage-Hellman, Wadon, and Pirkey have documented ma- 
ligmant neoplasm in heterotopic noncystic thymus 
glands.***5 


Comment 


Cervical thymic cysts are classified as congenital or ac- 
quired.’**° The congenital thymic cyst arises from the 
thymopharyngeal duct, which is a derivative of the third 
pharyngeal pouch. The acquired thymic cyst may arise ei- 
ther as an inflammatory or neoplastic cystic degeneration 
of Hassall corpuscles, primitive entodermal cells, lympho- 
cytes, and reticular cells. 

Thymic cysts may also be classified as true, mixed, or 
false. A true thymic cyst is an anomalous development of 
the thymopharyngeal duct, and sometimes it communi- 
cates with the piriform fossa by way of an internal sinus. 
This type of cyst and its internal sinus are lined by primi- 
tive respiratory epithelial cells and, characteristically, the 
wall contains Hassall corpuscles. It arises from a single 
germ layer, the entoderm. 

A thymic fistula is an anomaly whose external sinus 
opens on the surface of the skin, and its internal sinus ter- 
minates into an opening within the piriform fossa. It ex- 
ists only as a theoretic possibility, because a thymic fistula 
has never been reported. However, should a thymic fistula 
be discovered, it would have ectodermal cells lining the ex- 
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ternal sinus and entodermal cells lining the cyst and the 
internal sinus. Therefore, a thymic fistula should be classi- 
fied as a mixed thymic cyst, because it would arise from 
two germ layers, entoderm of the third pharyngeal pouch 





Fig 3.—Lining of cyst consisting of low cuboidal cells (hematoxy- 
lin-eosin, X 800). 


Fig 4.—Hassall corpuscle in wall of thymic cyst (hematoxylin-eo- 
sin, X 800). 
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Fig 5.—Mustroem-shaped herperplastic nodule. Invagination on 
right margin suggests possib evolution to adenomatous polyp 
(hematoxylin-eesin, X 32). 
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Fig &.—Comtinetion villous-edenomatous polyp with associated 
solitar“ lymph nocule. Tris lesion is considered benign (hematoxy- 
lim-sosan, X 25). 


lymphoid infiltration in and about the tumor. Medullary 
carcinoma of tne breast n association with lymphoid 
stroma is correlated with a favorable prognosis. Similar 
morphologic and prognost& implications have been sug- 
gested for the testicular seminoma. Conjectural too, is the 
known observation that the increasing incidence of neo- 
plasia with advancing age is paralleled by age-associated 
lymphoid atrophy and a decline in general immuno- 
competence. Certainly a great deal more work will be 
fertheoming to further elucidate the host mechanisms 
thet suggest a distinctive lrmphocyte response of an indi- 
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vidual to his own cancer. 

Very few studies on intestinal hyperplasia can be found 
in the recent literature. Crocker and Veith’ emphasize the 
paucity of reported cases and point out that no concerted 
effort has been made to determine the true incidence of 
intestinal hyperplasia. These authors believe that hyper- 
plastic foci are far more common than has heretofore been 
recognized and that their clinical importance is signifi- 
cant in tumorigenesis. They drew a parallel between endo- 
metrial hyperplasia and colonic hyperplasia, stating that 
in the endometrium it is likely that only a small propor- 
tion of hyperplastic foci would progress to carcinoma and, 
furthermore, that this is not a necessary sequence of 
events in the genesis of carcinoma, some foci actually 
being reversible. While the authors postulate that hyper- 
plasia may be a precursor of carcinoma, the findings of 
such lesions in no way exclude the possibility of a de novo 
origin from normal-appearing mucosa or from an adeno- 
matous polyp, stalked or sessile. The case herein reported, 
showing both hyperplasia and polyps in the presence of a 
carcinoma, presented the opportunity to trace the sequen- 
tial evolution of the benign lesions to carcinoma. While 
the hyperplasia-to-polyp sequence seems quite clear, mul- 
tiple sections from the carcinoma and its contiguous areas 
failed to show evidence of a benign lesion. 

A recent study on the structure and function of meta- 
plastic nodules can be found in the review of surgical and 
autopsy material from Great Britain.‘ Arthur reports that 
95% of the surgical and 75% of the autopsy speeimens of 
the rectum contained hyperplastic nodules. He points out 
that there are no comparable figures available for the inci- 
dence of small nodules in rectums containing carcinoma. 
Arthur concludes that the nodules are a normal finding in 
the rectal mucosa in subjects over 40 years of age and they 
represent an aging change in the mucosa. It is his conten- 
tion that they can be distinguished from adenomas on a 
histologic basis, have no relationship to them, and are not 
to undergo malignant change.‘ 
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mucosal hyperplasia of 
e pathogenesis of carci- 


Editorial Comment 


The authors have provided an interesting case report. They are 
correct in seeking closer scrutiny of the adjacent bowel mucosa in 
patients with colorectal cancer. It is difficult, however, to make an 
assessment of the full implications of the report without more im- 
munologic data such as skin testing, immunoglobulins, and local 
immunofluorescence, and without a survey of the patient’s rela- 
tives for comparable findings. 

JEROME J. DeCosszr, MD 
Milwaukee 
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Technique 


Tilde S. Kline, MD; Franz Goldstein, MD; Hunter S. Neal, MD 


Carcinoma of the pancreas is an exceptionally difficult lesion to 
diagnose. Even at laparotomy, pancreatitis and this malignant neo- 
plasm may appear indistinguishable, both by inspection and palpa- 
tion. Conventional biopsy itself, by the thick Vim-Silverman needle or 
wedge section, may be associated with morbidity or mortality. How- 
ever, thin-needle aspiration biopsy with an 18-gauge bore has proved 
a safe, accurate diagnostic method. Twenty-one such aspiration 
biopsies were taken during laparotomy; from 12 patients with carci- 
noma, 11 revealed definite tumor cells. This form of biopsy was uti- 
lized for frozen-section diagnosis, and one Whipple operation suc- 
cessfully followed this procedure. 


he diagnosis of carcinoma of the pancreas poses 

well-known difficulties. A variety of pancreatic func- 
tion tests combined with cytologic examination of duode- 
nal washings and roentgenographic techniques, including 
selective mesenteric-celiac angiography, have been used 
in an attempt to establish an early diagnosis in the hope 
of improving the surgical cure rate. Even at laparotomy, 
the diagnosis of pancreatic carcinoma without obvious me- 
tastases is difficult. Biopsy of the pancreas, either by the 
thick Vim-Silverman needle or wedge section, is associ- 
ated with a substantial risk of hemorrhage, pancreatitis, 
fistulas, and abscess formation. This risk increases with 
each additional biopsy, thus precluding multiple biopsies, 
and thereby leading to a substantial failure rate of detect- 
ing carcinoma. However, thin-needle aspiration biopsy is 
a simple, reliable diagnostic aid.' By this method, we have 
studied multiple aspirates from suspicious areas of the 
pancreas. 
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Pancreatic Carcinoma, Pancreatitis, 
and Needle Aspiration Biopsy 


Method and Results 


During the past two years, 21 aspiration biopsies were 
taken from the pancreas during laparotomy. An 18-gauge 
needle with attached syringe was placed into the abnor- 
mal area and rotated before aspiration. When the head of 
the pancreas was involved, the needle was introduced 
through the duodenum. A thin smear was immediately 
fixed and stained according to the method of Papani- 
colaou. In five cases, this procedure was utilized for frozen- 
section diagnosis. 

Eleven of the 12 patients with carcinoma were called 
unequivocally positive on cytologic examination; the 12th 
was reported as “markedly atypical cells.” The remaining 
nine patients, diagnosed as benign, are apparently free of 
pancreatic malignant neoplasm. There were no complica- 
tions attributable to this procedure. 


Comment 


Schultz and Sanders,’ after review of the literature, 
stated that the incidence of false-negative diagnoses of 
carcinoma of the pancreas at laparotomy varied from 12% 
to 54%. Bowden’ surveyed 34 patients who had been 
treated for carcinoma, of whom 31 in actuality had benign 
disease. Of 159 patients with incisional biopsy or biopsy 
with Vim-Silverman needle, six died because of pan- 
creatitis or hemorrhage; nine more had fistulas or severe 
hemorrhage associated with the procedure.’ | 

Most studies dealing with fine-needle aspiration biopsy 
of the pancreas have originated in Scandinavia. Christof- 
fersen and Poll‘ found malignant cells in 70 of 72 cases of 
carcinoma. Koivuniemi et al° recovered tumor cells in 16 of 
18 cases and now utilize this method for frozen section on 
all pancreatic lesions. Forsgren and Orell’ diagnosed carci- 
noma in 28 of 29 patients. In all these series there were no 
false-positive diagnoses or complications secondary to the 
procedure. 

From this Scandinavian experience and our own experi- 
ence, in which 11 of 12 patients with pancreatic carcinoma 
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Fig L.—Aspiration biopsy frem carcinoma of pancreas. Note cells 
with nuclear anmisocytesis, tlickened irregular membranes, and 
prominent nucleoli (Papanicosaou preparation x 1,250). 


were accurately diagnosed by means of thin-needle aspi- 
ratien, aspiration biopsy appears to have definite merit. 
It offers a method of demonstrating carcinoma at lap- 
arotomy thet s both safer and more accurate than con- 
ventional operative biopsies. Needle aspiration promises 
to minimize errors, both ef missing the diagnosis of pan- 
creatie earemcma and of diagnosing carcinoma when it 
dees not exist. In the former category are patients 
strongly suspected of hav ng pancreatic carcinoma preop- 
eratively, but no tumor is seen at laparotomy; in the ab- 
sence of demenstreble tumor. such patients have been 
clesed up, oaly to return many months later with meta- 
static carcinoma. Conversely, one of our patients with 
pancreatic carcinoma was so diagnosed at frozen section 
by the aspiration tezhniqee, ard at that time successfully 
underwent a Whipple operation for a 3.0-cm carcinoma of 
the head of zhe panereas ‘Fig 1 and 2). In the latter cate- 
gory are patients with chronic indurated pancreatitis 
where, because of the hardness of the gland, the surgeon 
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Fig 2.—Portion of pancreas from same patient, Whipple proce- 
dure. Between arrows is small carcinoma in head of pancreas. 


assumes malignant neoplasm and undertakes radical sur- 
gery, only to learn on subsequent tissue examination that 
no tumor exists. All clinicians are familiar with such situ- 
ations. There may be reason to believe that thin-needle as- 
piration biopsy will permit the detection of patients with 
early carcinoma of the pancreas for whom curative resec- 
tion will be available. 
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The Antimesenteric Slit 


An Aid in the Primary Maturation of the End Colostomy 


Murry G. Fischer, MD 


Utilization of an antimesenteric slit is a maneuver facilitating pri- 
mary maturation of the end colostomy stoma. It widens the lumen, 
makes eversion easier, and permits tailoring the stoma to size. Pri- 
mary maturation helps prevent late stomal stricture. 


rimary maturation of the end ileostomy has become a 

universally accepted surgical procedure since its ad- 
vantages were first described by Brooke’ 20 years ago. Its 
role in preventing serositis with ultimate stricture of the 
ileostomy is an acknowledged fact. 

Although end colostomies are not subject to as high an 
overall complication rate as are ileostomies, late stricture 
does remain a problem.’ This is related to the serositis and 
dense fibrous connective tissue replacement of the granu- 


lations that surround the protruding colostomy segment. 


This is usually, if not always, at the skin level. Despite the 
fact that primary maturation is known to prevent this 
complication,’ there has been a reluctance on the part of 
many surgeons to adopt the procedure. Some of this reluc- 
tance is related to the technical difficulty of everting the 
colostomy over the fat at the cut edge of the sigmoid mes- 
entery and adjacent appendices epiploicae. The sigmoid 
colon is of small diameter in many of the persons in this 
older age group in whom we are called on to perform end 
colostomy as part of an abdominoperineal resection. This 


is due to spasm either related to manipulation or associ- 
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ated with diverticulosis. These technical problems are not 
present when maturing an ileostomy because the ileal 
mesentery is usually devoid of excess fat, there are no ap- 
pendices epiploicae, and the thin wall of the ileum is easily 
everted. 

The technical difficulties mentioned above are readily 
overcome by the simple maneuver of performing a 2-cm 
antimesenteric slit (Fig 1). This immediately widens the 
diameter (Fig 2) and facilitates eversion of the cut edge of 
the colostomy so that it can easily be sutured to the edge 
of the previously prepared colostomy site (Fig 3) from 
which a 1.5-em button of skin has been excised. Inter- 
rupted 4-0 chromic catgut sutures are usually used for this 
purpose (Fig 4). 

An added dividend of this maneuver is that the cut end 
of the colostomy can be made to fit any size circle of skin 
that has been removed, even if it is larger than originally 
anticipated, by varying the length of the antimesenteric 
slit. 

A temporary colostomy bag is immediately applied. 
There is primary healing of stoma to skin in seven to ten 
days. The opening is soft and supple, colostomy function 
occurs early, and there is no tendency to stricture forma- 
tion. 
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Fig |.—Straight clamp applied to wall of colon at antimesenteric 
barder Crush mark ind cates site for incision and cuts down on 
bleeding from incised calon wal. 


zig 2.—Antimesenteric slit has been performed, resulting in V- 
shaped widening cf colostomy stoma. 
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Fig 3.—Beginning maturation by suturing edge of colostomy to 
edge of skin in four quadrants. Note ease with which edges evert. 


Fig 4.—Colostomy completely matured and ready for application 
of colostomy bag. 
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The Multiple-Angled Incision 
on the Volar Surface of the Hand 


James L. Becton, MD; 

Joe D. Christian, Jr., MD; 
H. North Goodwin, MD; 
James G. Jackson III, MD 


The multiple-angled incision on the volar surface of the hand has 
proved to be excellent for exposing the flexor tendon of the digit. It 
is also a useful incision for fasciectomy for Dupuytren contracture. It 
gives excellent exposure of the deep structures of the palm and digit 
and also allows advancement of skin to the volar surface of the digit 
when necessary. The scar heals without contracture. 


he multiple-angled incision on the volar surface of 
the hand, introduced by Bruner, has proved to be an 
excellent approach to deep structures in the volar area of 
the hand. Since our initial experience with the incision in 
1968,’ the incision has become our routine for this purpose. 
A proper skin incision in the hand should meet the follow- 
ing requirements: (1) provide full exposure of the deeper 
structures without excess pull on the skin with retractors 
or operate across a bridge of neurovascular structures; (2) 
allow closure without excess tension; (3) heal without 
contractures. 


Methods and Results 


The incision should be marked on the skin prior to oper- 
ation. This allows the surgeon to evaluate the proposed ex- 
posure and to decide if the area in which he plans to work 
can be well exposed without excess traction on the skin 
edges. Disposable marking pencils are available commer- 
cially. Methylene blue on an applicator stick can also be 
used. 

The incision in the digit is made as illustrated in Fig 1. 
The angles of the incision are placed at the volar lateral 
areas at each flexor crease, and at the midpoints between 
the flexion creases. It can be carried through the palm and 
up the forearm as needed. The flexor tendon can be ex- 
posed through its entire length, as is necessary for 
free tendon grafting. The neurovascular structures are 
avoided and are not disturbed unless it is necessary to 
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Fig 1. —Multiple-angled incisim 
on volar surface of finger ard 
Daim. Angles are et anterior læ- 
erd edge of digit. 


Fig 2.—This multiple-angled in- 
cision is made by oblique incision 
across each segment of finger. It 
is not as versatile as incision in 
Fig 1. 


Fig 3.—Lateral skin of digit is 
advanced toward volar surface by 
extending incision at angle and 
advancing skin flaps to “Y” area point of skin flap and out adja- 
of angle (converting “V” to ‘‘Y'’). cent side of skin angle. This su- 
Skin flap point is advanced by ture technique protects blood 
bringing wider base of flap to supply to point of skin flap. 
midline of digit. 


Fig 4.—Corner stitch is done by 
entering skin at apex. Suture is 
passed subcutaneously through 


identify them. We have fcund the incision (Fig 1) to be 
better than the volar incisien, which obliquely crosses each 
segment in the digit (Fig 2). 

It is impertant that the angle of the incision be made at 
the vdlar latera. point of the digit and not at the midlat- 
eral area. 

The contraetured fascia of Dupuytren contracture can 
be dissected free anc excised in both the finger and the 
palm through tais continuous incision. When there has 
been 2 contracture of the finger that involves the volar 
skin, additional skin ean be advanced to the volar surface 
frem the lateral area of the digit. This is done by extend- 
ing the incision at the angles converting the “V” to a 
y”: When the skin is closed, the point of the skin flap is 
adwaneed into the lengthened “Y” area. This allows the 
wider base of the flap to be advanced toward the midline 
as necessary, with resulting increase in the skin in the 
longitudinal axis (Fig 3). The Zplasty is a very helpful 
technique in hand surgery‘; however, it must be precisely 
planned so that wher the Japs have been interchanged 
they də not twis: too acutely on their base and jeopardize 
the blood supply to the small skin points. The exact delin- 
eation of the flaps as outlined is important. The one with 
wider flaps (Fig 2) does noč allow for such adequate ad- 
vaneement ef sk n flaps. The classical midlateral incision 
of che digit to expose the fiexor tendon has been widely 
used; however, ary extensioxr of this incision into the palm 
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requires traversing a bridge of neurovascular structures 
at the base of the digit. Inadvertent damage to these 
structures may occur when using this incision. 

In closing, the corner stitch is used to close each angle 
after hemostasia has been accomplished. This suture tech- 
nique protects the point of each skin flap (Fig 4). When 
doing a tendon graft, it is helpful to close the skin over the 
digit before the proximal anastomosis of the tendon graft 
is made. After the proximal anastomosis is made with the 
proper tension on the tendon, the finger is in moderate 
flexion, which makes closing the angles of the skin a little 
more difficult. This problem is easily solved by suturing 
the skin prior to performing the proximal tendon anasto- 
mosis. The resulting scar is usually small, soft, and does 
not cause a flexion contracture. The multiple-angled inci- 
sion meets all the requirements of a “proper skin incision 
in the hand.” 
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A Dilating Cannula 
for Arterial Surgery 


Herbert J. Robb, MD 


Cannulas ranging from 2 to 6 mm can be used to dilate vessels, lo- 
cate blocks, flush out clots, and determine the size of a lumen. They 
function as a catheter and dilator in one instrument. A locking fitting 
facilitates irrigation and a small diameter 25.4-cm stem makes it pos- 
sible to work within the artery while the cannula is in place. 





ilation, exploration, irrigation, perfusion, flushing 

out an embolus, and heparinization of an artery or of 

a saphenous vein graft can be accomplished with one in- 

strument, a malleable dilator with an inner lumen and 

stylette. It is fabricated in 2-, 3-, 4-, 5-, and 6-mm sizes 
(Fig 1). 

The dilating cannula is of value wherever dilators are 
used in vascular surgery. It can measure the size of a lu- 
= men and determine the point of obstruction. A locking syr- 
_ Inge fitting at the proximal end allows one to attach a syr- 

inge containing heparinized saline. A stopcock can be 

used at this point to prevent reflux of blood into the can- 
nula when the syringe is reloaded or removed. The mal- 
leable stem proximal to the dilating tip is small enough to 

work around and assures visualization of vessel edges, a 
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feature important in preventing anastomotic stenosis or 
snagging of the intima. The cannula measures 25.4 em in 
length, which is long enough to thread through a vein 
graft or plastic graft in order to check the anastomosis for 
size and patency at the completion of the first anastomosis 
(Fig 2). 

If the cannula is threaded through a vein graft, one can 
assure oneself that the lumen size is uniform and that 
there are no areas of stenosis or fibrosis. It is particularly 
useful in distending a vein graft with saline while check- 
ing for leaks. 

The dilating feature of the cannula is helpful in dis- 
lodging thrombi. Its irrigating feature makes it possible 
to flush out a thrombus, and its known size tends to pre- 
vent unpredictable breakage of the vessel distally, a com- 
plication that can occur from the unpredictable expansion 
of a balloon such as that at the end of a Fogarty catheter. 
This does not mean that the Fogarty catheter is to be dis- 
carded. It only means that one must be aware that these 
problems can occur in small vessels and result in vessel 
blockage by an intimal tear. 

The assortment of dilating cannula from 2 mm to 6 mm 
with a stem length of 25.4 cm will satisfy most needs in 
vascular surgery. In our hands this instrument has proved 
to be particularly useful in assuring good postoperative 
patency in vascular anastomoses. 


Fig 1.—Dilating cannulas in 3-, 4-, 5-, and 6-mm sizes satisfy 
most needs for measurement of vessel size and washing out of 
clots. 


Fig 2.—A 5-mm dilating cannula is used to check patency 
and functional diameter of anastomosis in popliteal area. 
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16th National Conference 
onthe 
Medical Aspects of Sports 


8 a.m. Saturday, Nov. 30, 1974 --Portland, Oregon 


Heading the roster of 
distinguished speakers are 
Jesse Owens, winner of 
four gold medals at the 
1936 Olympics; J.G.P. 
Williams, M.D., Deputy 
Secretary, Internationale 
De Medecine Sportive; 
and Michela Kavankova, 
M.D., Czechoslovakia 
Institute of Sports 
Medicine. 


The program is top 
flight, featuring the in- 
ternational aspects of 
sports, winter sports in- 
juries, new emergency 
first aid techniques, 


community-oriented sports 
medicine programs, med- 
ical concerns of female 
athletes, as well as films, 
consultations and demon- 
strations. 


For your convenience, the 
conference will be held in 
the Convention Center in 
conjunction with the AMA 
Clinical Convention. Plan 
now to attend. Registra- 
tion fee is $10. For ad- 
vanced registration or 
further information, write: 
Committee on the Medical 
Aspects of Sports, AMA, 
535 N. Dearborn St., 
Chicago, II]. 60610. 
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Letters to the Editor 


The editor will be pleased to receive cor- 
respondence of 250 words or less that per- 
tains to material published in the AR- 
CHIVES or to other matters of interest to its 
readers. Letters should be typewritten 
double-spaced and should be clearly 
marked “For Publication.” No more than 
two references are permitted and illustra- 
tions are acceptable only when essential to 
the message. 
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Perforated Solitary Diverticulitis 
of the Transverse Colon 


To the Editor.—It was most inter- 
esting to read the report by Wong et 
al of a case of perforated solitary di- 
verticulitis of the transverse colon in 
the February issue of the ARCHIVES 
(108:249, 1974). In view of the rarity 
of this condition, the case of a patient 
recently under my care is presented. 

A 39-year-old woman was admitted 
to the hospital with a five-week his- 
tory of abdominal pain. The onset 
was sudden and accompanied by high 
temperature. In her past history she 
had a papillary carcinoma of the thy- 
roid, was a known diabetic, and also 
had dermatomyositis. For the latter 
condition, she was on a regimen of 
prednisolone, 15 mg daily in divided 
doses. 

She was very obese, and abdominal 
palpation revealed a large and tender 
mass to the left of the umbilicus. 

A barium enema revealed a fis- 
tulous communication between the 
left part of the transverse colon and 
the mass. Follow-up roentgenograms 
after 48 hours still showed residual 
contrast medium in the abscess cav- 
ity. There was no evidence of diver- 
ticulitis elsewhere in the colon. The 
diagnosis of perforated solitary di- 
verticulum of the transverse colon 
with mass formation was made. 

At laparotomy, a large mass ad- 
herent to the posterior aspect of the 
anterior abdominal wall, originating 
from the left part of the transverse 
colon and draining approximately 200 
ml of pus, was resected since it was 
grossly suggestive of neoplasm. The 
postoperative period was stormy, and 
she died during the fifth postopera- 
tive week in a state of circulatory 
failure, overwhelming infection, and 
generalized edema. 

Pathologic examination showed in- 
flammation, abscess formation, and 
pseudotumoral hypertrophy due to 
the perforation of a solitary diver- 
ticulum of the transverse colon. 

In the case reported by Wong et al, 
perforation of the solitary diver- 
ticulum was diagnosed at laparotomy. 
In our patient, the perforation was 
sealed off and the patient was ad- 
mitted with an abdominal mass, the 
correct preoperative diagnosis being 
established by barium enema. 

In Iran, diverticular disease of the 
colon is not as common as in the 


Western countries, and a solitary di- 
verticulum of the transverse colon 
with perforation and mass formation 
is rare indeed. 
M. VazirR1I, MD, FRCS (Ep) 
Abadan, Iran 


Symmetrical Peripheral Gangrene 


To the Editor.—Symmetrical pe- 
ripheral gangrene as a complication 
of hypotension and poor tissue perfu- 
sion was presented by Goodwin and 
Berne in the June ARCHIVES (108:780, 
1974). We agree entirely with the au- 
thors’ conclusions, particularly the 
need to recognize the syndrome, 
thereby avoiding unnecessary angi- 
ography and surgical intervention. 
However, we wish to emphasize that 
symmetry is not an absolute pre- 
requisite for the diagnosis of non- 
occlusive ischemia of the extremi- 
ties. We have recently described our 
experience with asymmetrical non- 
occlusive ischemia of the lower ex- 
tremities.' In all instances, the pa- 
tient was admitted with the classic 
findings of unilateral embolic or 
thrombotic occlusion of a major limb 
vessel. Angiography was performed © 
in these cases and showed complete 
patency of the arteries. However, the 
rate of filling and flow through the 
peripheral arterial system was ex- 
tremely slow. In one of our cases, 
Doppler flowmeter recordings were 
helpful in that a flat tracing was ob- 
tained in the suspected extremity 
with marked blunting in other pulse 
areas, indicating diminished flow 
velocity. 

The importance of recognition of 
both symmetrical and asymmetrical 
peripheral gangrene lies in the avoid- 
ance of performing unnecessary and 
potentially harmful operative ther- 
apy. For the asymmetrical variant, 
Doppler ultrasound flowmeter record- 
ings may be helpful in suggesting the 
diagnosis, but arteriography is essen- 
tial for the differentiation between 
occlusive and nonocclusive states. 

HERBERT DARDIK, MD 
IRVING DARDIK, MD 
SEYMOUR SPRAYREGEN, MD 
FRANK VEITH, MD 

Bronx, NY 

1. Dardik H, Dardik I, Sprayregen S, et 
al: Asymmetrical nonocclusive ischemia of 


the lower extremities. JAMA 227:1417- 
1419, 1974. 
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Plastic Surgery: A Concise Guide to 
Clinical Practice, ed 2. Edited by William C 
Grabb, MD, James W Smith, MD. Price. $15 (pa- 
per), $29 (cleth). Pp 1,085. Little Brown & Co, 34 
Beacon St, Boston. MA 02106, 1973. 


The-second edition of this complete 
but cencise text of plastic and re- 
constructive surgery is an improve- 
ment on the very successful first 
edition, published in 1968. The gen- 
eral plan is essentially the same, but 
the materia’ has been revised and 
brought up to date by ineorporating 
seme new discussion of olcer subjects 
and some new chapters on advance- 
ments. The organizational grouping 
of subject mater by anatomical re- 
giens and pathdlogical entities is logi- 
cal and makes it easy to find the 
desired subjects. The number of ref- 
erences after most chapters has been 
expanded by nearly 30%, and the in- 
dex has been enlarged. Especially of 
value are the new chapters on benign 
tumors and skin disorders, micro- 
vascular teehnicues and reimplanta- 
tions, breast augmentations and 
reductions, lipeetomies, and an in- 
creased discussicn of the treatment of 
hypospadias. The illustrations are 
mestly black anc white line drawings 
and are easily understood. For stu- 
dents, residents, and practicing sur- 
geons this one valume will be of great 
value because it mparts a great deal 
of authoritative nformation. 

Davip W. Rosrnson, MD 
Karsas City, Kan 


Clinical Neurosurgery, vol 20. Edited 
by Robert H Wilkins, MD, Price, $2250. Pp 500. 
Williams & Wilkins Cc, 428 E Preston S+, Balti- 
more, MD 21202. 1973. 


Clinieal Neuresurgery continues 
and. in fact, surpasses the out- 
standing editoria. and sciertific ac- 
complishment of previous volumes. 

The proceedings of the Congress of 
Neurological Surgeons held in Denver 
in @ctober 1972 are presented in 
great detail; and as the primary em- 
phasis of the Cengress at this meet- 
ing was diseases of the spinal cord, 
volume 20 presents a unique body of 
information not readily avaiable to 
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the neurosurgical community. The 
initial portion of the book deals with 
the presidential address, a biography 
of Francis Murphy, MD, the honored 
guest, and two clinical articles by Dr. 
Murphy: one on his personal experi- 
ence with lumbar dise surgery and 
the other on his experience with 
myelography abnormalities in bra- 
chial root avulsion injuries. This seg- 
ment of the book may well be the 
most valuable, as it gives a great deal 
of historical insight into one of the gi- 
ants of neurosurgery and draws from 
Dr. Murphy’s personal experience in 
the management of herniated discs, 
which continues to be a difficult and 
controversial area in both the neuro- 
surgical and orthopedic communities. 

The remainder of the text deals 
with a wide variety of spinal cord dis- 
eases, beginning with some brilliant 
articles on the neuroanatomy, blood 
supply, embrology of the spinal cord, 
and then progressing to in-depth dis- 
cussions of myelodysplasia and its 
management, the pathophysiology of 
disc disease, surgical management of 
lumbar stenosis, whiplash syndrome, 
cervical disc disease, and a number of 
experimental articles dealing with 


the management of spinal cord 


trauma. 

Although the book has 37 contrib- 
utors, the work of the editorial board 
in weaving this into a meaningful 
continuum is outstanding. There is 
little question that this volume should 
be available wherever an interest in 
spinal cord disease is pursued, be it at 
the experimental or clinical levels of 
endeavor. 

ANTHONY E. GALLO, JR., MD 
Portland, Ore 


Hair Transplant Surgery, by O’Tar T. 
Norwood, 108 pp, $10.50, Charles C Thomas 
Publisher, 1973. 


Written by a dermatologist with 
considerable experience in hair trans- 
plants, this book contains helpful in- 
struction for performing the tech- 
nique. The author has studied well the 
variants of male pattern baldness. 
This knowledge is a prerequisite for 
proper patient selection and for cor- 
rectly planning the new hairline. 

There is a good section on complica- 
tions and poor results, their avoidance 
and management. Illustrations are 
excellent, and information is abun- 
dant on doing this surgery in the of- 
fice. 

Compared with plastic surgeons, 





many of whom also do hair trans- 
plants, the author, and most derma- 
tologists, use “clean hands” (not 
gloves) and do not suture the donor 
sites. In my opinion, failure to do 
so causes more postoperative bleeding 
(34% of 50 dermatologists who re- 
sponded to a questionnaire by the 
author reported this complication) 
and definitely begets more scarring. 
There is also a reluctance to use strips 
of hair as grafts. These require sterile 
technique, closure of the donor site, 
and familiarity with the method. If 
used properly, along with punch 
grafts, strips save time and give a 
satisfactory result. 

RosBert M. GoLowyn, MD 

Brookline, Mass 


Orbital Tumors, by J. W. Henderson, 705 
pp, $40, WB Saunders Co, 1973. 


_ It is surprising to find that what 
Dr. Henderson modestly calls a mono- 
graph contains some 700 pages of in- 
formation about a group of tumors he 
characterizes as infrequent. It is more 
understandable when one realizes 
that the author is head of the Depart- 
ment of Ophthalmology at the Mayo 
Clinic and that this volume repre- 
sents a detailed review of the entire 
Mayo Clinic series of orbital tumors 
from 1948 through 1966, as well as the 
author’s personal observations about 
each. It is complete in every respect; 
in fact, if this reviewer must find a 
fault, it is that this completeness is 
occasionally carried to the point of 
being excessive. 

The book is not only superbly orga- 
nized, but has been put together in 
most attractive fashion by the pub- 
lisher. The photographs are uniformly 
excellent and the short bibliographies 
at the end of each chapter provide 
more than adequate reference infor- 
mation. Dr. Henderson writes well; in 
spite of the complicated nature of his 
material, his style is generally clear 
and succinct. He is also not afraid to 
inject a bit of his own personality 
into the text, a most refreshing ap- 
proach too often missing from scien- 
tific publications in the United States. 

Of considerable interest to many 
readers will be a beautifully illus- 
trated section on “The Diagnosis of 
Orbital Tumors, a subject often 
skipped over lightly but presented 
here with meticulous care. The chap- 
ters on “Vascular Neoplasms” and 
“Vascular Malformations” are partic- 
ularly well done. The author reviews 
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the problems associated with the 
treatment of hemangiomas of the or- 
bit and describes in detail his own 
technique for implanting radon seeds, 
as well as his experience with cortico- 
steroids. The chapters on surgical ap- 
proaches to the orbit and exentera- 
tion also deserve special mention. 
There is no question that Dr. Hen- 
derson’s monograph will remain the 
definitive text on its subject for the 
foreseeable future. It is certainly not 
intended to be casual reading for the 
unspecialized physician. On the other 
hand, no library of anyone seeing or 
treating a substantial amount of or- 
bital disease should be without it. 
ROBIN ANDERSON, MD 
Cleveland 


Recent Advances in Thrombosis, 
edited by L. Poller, 227 pp, $19.50, Longman Ine, 
1973. 


This small volume is an excellent 
up-to-date survey of the current state 
of knowledge concerning various as- 
pects of venous and arterial throm- 
boembolic disease. With few excep- 
tions, the chapters are well written, 
comprehensive, balanced, and critical. 

Particularly praiseworthy are the 
essay by Sevitt on the pathology and 
pathogenesis of deep vein thrombosis, 
a critical look at the relation of 
thrombosis to atherosclerosis by 
Poole, a survey of the relation of 
platelets to thrombosis by Vermylen 
and his co-workers, a sobering cri- 
tique of fibrinolytic therapy by 
Prentice and McNicol, and a scholarly 
look at fibrinogen digestion products 
by Plow and his associates. A valu- 
able chapter by Poller on oral contra- 
ception and its relation to thrombosis 
summarizes the large literature in 
this controversial area. 

Viewed from the standpoint of the 
pathologist, the blood coagulationist, 
and the physiologist, thrombosis re- 
ceives a well-balanced look in this up- 
to-date treatise, which can be highly 
recommended as a statement of cur- 
rent thinking. 

EDWIN W. SALZMAN, MD 
Boston 


Surgery of the Facial Nerve, ed 2, by 
Adolf Miehlke, 281 pp, $45, WB Saunders Co, 
1973. 


Dr. Miehlke, in his well-executed 
plan to deal with all aspects of the fa- 
cial nerve, collaborates with Dr. Ugo 
Fisch of Zurich and draws approxi- 
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mately one third of the 19 chapters 
from a group of six authors who 
range from neuroscientists to otolar- 
yngologists. The book represents the 
only major work available on the sub- 
ject in the English language, and 
should be a part of the library of all 
surgeons who deal with the diagnosis 
and surgical treatment of the ana- 
tomic regions through which the fa- 
cial nerve courses. The book is beau- 
tifully illustrated, both in color and 
black and white. The color illustra- 
tions taken from Pernkopf: Topo- 
graphische Anatomie des Menschen 
and from surgical photographs are of 
excellent quality. 

The portions of the book dealing 
with general aspects of the facial 
nerve lesions including diagnosis will 
have special appeal to the general 
physician called on to do the initial 
evaluation and support the patient 
faced with the severe social and emo- 
tional consequences of a facial palsy. 
The chapters on facial nerve regener- 
ation, topographic diagnosis, and 
classification of the facial nerve le- 
sions give an excellent understanding 
of the basis of surgical treatment and 
contain material of special interest 
for all the specialists who treat dis- 
orders of regions through which the 
nerves course. 

The chapters on intratemporal fa- 
cial nerve surgery, facial nerve sur- 
gery and hearing, facial neurile- 
moma, and operations on the facial 
nerve in its labyrinthine and meatal 
course will be of special interest to 
the otologist; those on facial spasm, 
neuromas, and combined intracra- 
nial-extratemporal repair, to the 
neurosurgeon; and those on parotid 
tumors, facial palsy, and parotid- 
ectomy and techniques of extra- 
temporal facial nerve surgery, to all 
surgeons dealing with the head and 
neck. The chapters on sequels of fa- 
cial palsy and liability of the surgeon 
in cases of damage to the facial nerve 
further enlarge the number of practi- 
tioners who will find this book of 
interest. 

The following criticisms are trivial 
in comparison to the outstanding 
quality and excellent coverage Dr. 
Miehlke achieves. The book was writ- 
ten in German, and some aspects suf- 
fer in the translation. Those chapters 
by authors familiar with the English 
language have more clarity than the 
translated chapters, although this 
proves to be a minor consideration. 
There are some minor inaccuracies, 


such as those in describing the brain 
stem course of the facial nerve, and I 
expect these inaccuracies arose in 
translation. 

The book deserves to be a part of 
the library of the otolaryngologist, 
and especially the otolegist who 
treats disorders within the temporal 
bone, the neurosurgeon dealing with 
the cerebellopontine angle, and the 
multiple surgical specialties dealing 
with the extratemporal portion of the 
facial nerve. 

ALBERT L. RHOTON, JR., MD 
Gainesville, Fla 

F. O. BLack, MD 
Pittsburgh 


Handbook of Ear, Nose and Throat 
Emergencies, by M. Haskell Newman, Nels 
R. Olson, and Earl F. Singleton, 95 pp, $8, Medi- 
cal Examination Publishing Co Inc, 1973. 


This small book is published as a re- 
view of otolaryngologic emergency 
treatment and procedures for the 
emergency room physician, the fam- 
ily practitioner, and the medical 
student. 

There are 12 chapters, each dealing 
with a specific anatomic region or 
a related group of emergency situ- 
ations. Each is dealt with in straight- 
forward and easily understandable 
terms. 

The chapter on otologic emer- 
gencies is particularly well done. It 
outlines a logical treatment regimen 
for each problem and advises the clin- 
ician when prompt otologic consulta- 
tion is warranted. This chapter should 
be of great assistance to emergency 
room physicians who cannot be ex- 
pected to be sophisticated otologists. 

Other particularly useful chapters 
are those dealing with airway ob- 
struction and tracheotomy, facial 
nerve paralysis, neck trauma, and 
postoperative problems. 

There has long been a need for a 
small, concise publication on otolar- 
yngologic emergencies. This book ful- 
fills that need quite admirably, and 
should be part of the armamentarium 
of the emergency room physician and 
the family practitioner. 

JOHN J.H. SCHWARZ, MD 
Boston 


Atlas of Aesthetic Plastic Surgery, by 
John R. Lewis, Jr., 314 pp, $32.50, Little Brown & 
Co, 1973. 


The teaching of esthetic surgery, a 
rapidly growing subspeciality of plas- 
tic surgery, has for a long time been a 
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“hit-or-m:ss’ affair, with trainees un- 
dergoing al mited exposure to the so- 
phisticated techniques developed by 
individual surgecns who frequently 
are not associated with & formal 
training program. Consequently, 
young plastie surgeons entering prac- 
tice find themselves ill-prepared to 
deal effectively with an entire field 
that will occupy much of their profes- 
sional time. Textbooks ef plastic sur- 
gery deal in general! briefiy with es- 
thetic techniques, and are of limited 
value in deve oping the expertise nec- 
essary to accemplish the most techni- 
eally demand ng aspect of plastic sur- 
gery, the improvement in appearance 
ef a basically normal individual. 

Dr. Lewis, one cf the most distin- 
guished estnecic surgeons ir the coun- 
try, has filled this vacuum very com- 
prehensively m his Atlas of Aesthetic 
Plastic Surgery. All of the common 
aroeedures are described in detail, 
vith beautifu. line drawings to illus- 
crate the stages of each operation. He 
Jas not yielded to zhe temptation to 
mmclude “before-and-after” photo- 
graphs that might 2nhance his repu- 
tation but adc little to the teaching 
value of the beok. 

He is eclectie in that he has samma- 
mzed a world literature of esthetic 
techniques wich suitable comments 
and criticisms deriv-ng from his own 
vast experience. His personal innova- 
tens are inc.uced and will add to the 
repertoire o every plastic surgeon 
who studies zhe atlas. 

The book will be most valuable to 
the plastic surgery resident who has 
net had, hitnerto, the benefit of a 
single volume that explains, step by 
sp, the intricacies of each esthetic 
precedure. It will alsc be of value as a 
reference work for the genera. sur- 
geen who wishes to obtain the best 
pessible resut in many procedures 
that, although rot generally thought 
of as “esthetic, nevertheless depend 
on a meticuleus and thoughtful ap- 
proach for their final outcome. 

R.C.A. WEaTHERLEY- WHITE, MD 
Denver 


mposium on Aestnetic Surgery of 
the Nose, Ears, aad Ch n, edited sy Frank 
W. Masters and Jokn R. Lewis, Jr., 207 pp, 
$3750, CV Mosby Co 1973. 


This second rolume on cosmetic 
surgery, sponsored ty the Educa- 
tiomal Foundatim of the American 
Soaiety of Plastic and Reconstructive 
Sumeeons, with the cooperation of the 
American Society of Aesthetic Plastic 
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Surgery, is based on the second sym- 
posium on esthetic surgery that was 
held in Phoenix, Ariz, in November 
1971. It represents more than just an- 
other collation of the proceedings of 
yet another meeting, and exhibits 
evidence of superior editing, a credit 
to Drs. Masters and Lewis as well as 
to the publisher. 

The book is profusely illustrated 
with informative color plates, the 
type and format make for facile read- 
ing, and the content rarely wanders 
from attention to basic concepts of 
esthetic plastic surgery. There is a re- 
freshing introduction of articles by 
younger plastic surgeons, whose con- 
tributions are of substance. 

Because of its overall high quality, 
this volume carries a price tag of 
$37.50, and I wonder whether a more 
modest publishing format to reduce 
costs and increase readership is not 
indicated for such symposia. 

ARTHUR G. SHIP, MD, DMD 
New York 


Hyperparathyroidism, by Edward Paloy- 
an, Anne Lawrence, and Francis Straus, $16, 
Grune & Stratton Inc, 1973. 


This monograph presents, in repe- 
titious detail, the unorthodox atti- 
tudes of the authors regarding the 
clinical and pathologic characteristics 
of primary hyperparathyroidism and 
its surgical treatment. The scientific 
facts on which these attitudes are 
based are qualitatively accurate, but 
the quantitative conclusions appear 
to be exaggerated in many instances. 
As examples, statements claiming a 
rarity today of classic cases of para- 
thyroid adenoma; frequent hyper- 
calcemia in Hashimoto thyroiditis due 
to loss of calcitonin secretory activity; 
large supplies of calcitonin in the ad- 
renal medulla; the association of 
sprains, varicose veins, hernias, 
hemorrhoids, clubbing, and congestive 
heart failure with primary hyperpar- 
athyroidism; a significant frequency 
of normocalcemic hyperparathyroid- 
ism; hypercalcemia in Cushing syn- 
drome; and a “destiny” for patients 
with idiopathic hypoparathyroidism 
to develop Addison disease and/or 
pernicious anemia all go far beyond 
the actual facts. Further, the authors 
insist that a major action of parathy- 
roid hormone is to produce adverse 
catabolic effects in all connective tis- 
sues rather than just bone, and they 
cite as evidence the hydroxyprolin- 
uria of hyperparathyroidism and the 


ancient case of severe hypotonia first 
reported in 1930 and cited again by 
Albright and Reifenstein in 1948. The 
authors also suggest that the hormo- 
nal secretion from the superior para- 
thyroid glands might be biologically 
different from that of the inferior 
parathyroid glands. 

However, none of these exagger- 
ated concepts nor the anecdotal style 
of the text should impede a careful 
examination of the major thesis of 
the treatise, namely that primary hy- 
perparathyroidism is almost always 
due to diffuse hyperplasia on which 
adenoma formation is often en- 
grafted secondarily. Further, the 
proper surgical treatment is there- 
fore the removal of 3% parathyroid 
glands. The authors base these con- 
clusions on their finding that para- 
thyroid hyperplasia was prominent in 
75% of their patients and has been 
missed by others who judge the status 
of the nonadenomatous parathyroids | 
by visual inspection rather than 
biopsy and careful pathologic exami- 
nation. The authors also claim that 
30% of patients treated by more con- 
servative surgical procedures will 
show recurrent hyperparathyroidism, 
whereas only 3% of patients treated 
radically will incur permanent hy- 
poparathyroidism. Unfortunately, no 
truly scientific exposition of these 
novel claims is presented, despite the 
length of the monograph. However, 
the authors may be correct in sug- 
gesting that cases of mixed hyper- 
plasia and adenoma are more com- 
mon than usually believed and careful 
inspection be performed of all para- 
thyroid tissue during surgery with 
frequent resort to biopsy when in 
doubt. This point, as well as the fine 
historical and more than adequate 
pathologic treatment of the subject, 
are the major merits of this mono- 
graph. However, the conceptual de- 
fects of the work could mislead the 
neophyte and uninitiated. 

STANLEY WAELACH, MD 
Albany, NY 


Acute Inflammation, by J. V. Hurley, 
144 pp, $14.75, Williams & Wilkins Co, 1972. 


Understanding of the physiologic 
basis of inflammation appears to pro- 
gress in a relatively orderly fashion. 
The contemporary investigator may 
relate his findings to the work of 
Clark in the 30s, Landis in the 20s, 
Starling shortly after, or Metchnikoff 
before the turn of the century. The 
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general principles and issues seem to 
have been grasped early, and newer 
work disrupts them less than in, say, 
immunology. This sense of continuity 
is well expressed in this book survey- 
ing the subject. It presents recent 
evidence but is careful to locate it in 
the context of what has been devel- 
oped previously. 

The author begins his examination 
of the inflammatory process with con- 
siderations of vascular caliber and 
flow. He proceeds to the smaller ves- 
sels and to the morphology, mecha- 
nisms, and mediators of altered vas- 
cular permeability, and then to 
leukocyte emigration and chemotaxis. 
Finally, he considers the winding 
down of the inflammatory process or 
its conversion to abscess or chronic in- 
flammation. Particular attention is 
paid to ultrastructure. Experimental 
evidence is clearly expressed and elec- 
tron micrographs are well chosen to 
convey the newer imagery of inflam- 
mation. 

The workings of the inflammatory 
process should interest all physicians 
or surgeons, for they spend much of 
their time searching for it in their pa- 
tients and modulating, excising, or 
waiting it out. The book is concise 
enough for a student sufficiently in- 
terested in the subject to spend sev- 
eral evenings on it, but a wider 
readership would be willing to have 
the evidence further condensed or 
omitted, preferring diagrams and 
even more brevity. 

THOMAS F. O'BRIEN, MD 
BOSTON 


Tumors of the Head and Neck: Clini- 
cal and Pathological Considerations, by 
John G. Batsakis, 388 pp, $19.75, Williams & Wil- 
kins Co, 1974. 


This small, readable book, written 
by a professor of pathology at the 
University of Michigan, is a pleasure 
to review. It is written by one witha 
lifelong interest in the pathology of 
tumors of the head and neck with, as 
quoted in the preface, “an abiding re- 
spect for the skills of the head and 
neck physician whether surgeon or 
radiation therapist.” It is most useful 
to head and neck surgeons and recog- 
nizes the modern spirit of the team 
approach to cancer treatment. The 
book is not a catalogue or computa- 
tion of experience, but presents a 
unified concept of diseases, classified 
by surgical pathology. Tissue types 
rather than anatomical sites are se- 
lected for chapter headings. The text 
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is smooth-flowing and readable. Espe- 
cially valuable are the schemata of 
various disease patterns that are 
often confusing to the practicing sur- 
geon. For example, the author de- 
scribes the relationship of the 
Sjégren syndrome to other similar 
disease patterns such as Mikulicz dis- 
ease or chronic sialadenitis. 

His schema for classification of fi- 
broblastic and fibromatous tumors of 
the head and neck is logical and help- 
ful in the understanding of the clini- 
cal problems. For example, he states 
in the chapter on fibrous lesions of the 
head and neck that three cardinal er- 
rors are (1) the surgeon accepts the 
apparent encapsulation of the tumor 
as an indication of innocence; (2) the 
pathologist is lulled into a false sense 
of security by the cellular consistency 
of the tumor; (3) neither surgeon nor 
pathologist understands the natural 
history of fibromatous tumors. This 
chapter is an extremely valuable 
guide for clinical decision making be- 
causeit takes an experienced and forth- 
right surgeon to dispute his patholo- 
gist’s microscopic interpretation and 
thus to justify an approach more radi- 
cal than the microscopic diagnosis im- 
plies. Equally helpful are his other 
clarifications of areas of clinical 
ambiguity. In the melanomas of the 
head and neck, a critically selected 
bibliography with selection of criteria 
for treatment and evaluation of re- 
sults is informative. 

Overall, this is a balanced approach 
to the subject and I find the book in- 
formative and pleasurable to handle 
and read. The photographs are well 
selected. The price is commensurate 
with the size of the volume. 

JOSEPH E. Murray, MD 
Boston 


Medical Research Systems in Eu- 
rope: Ciba Symposium, 335 pp, $17.50, 
American Elsevier Publishing Co Inc, 1974. 


Medical Research Systems in Eu- 
rope is the published proceedings of a 
Wellcome Trust-Ciba Foundation 
symposium held in March 1973. The 
book is organized into two parts; in 
the first, the participants (with the 
notable exceptions of Russia and 
Czechoslovakia) submitted papers 
prior to meeting; the second part con- 
sists of a discussion of the issues. The 
symposium describes how medical re- 
search is supported and organized in 
Europe and how such research is re- 
lated to different systems of health 
care and medical education. 


For the most part, a careul read- 
ing of the submitted papers from 22 
countries is fascinating for it pre- 
sents a global view of the interlocking 
systems of medical education, health 
care delivery, and medical research in 
each country. Each participant was 
remarkably candid in the presenta- 
tion of the current status of the medi- 
cal research system in his country, 
the criticism of the current system, 
and in offering helpful suggestions to 
alleviate or improve the situation. 

Certain characteristics common to 
almost all countries emerged: (1) ad- 
mission of unrestricted numbers of 
students to medical school sometimes 
leads to a chaotic situation, and more 
often produces an intolerable burden 
on available facilities and teachers; 
(2) all countries believe that research 
activity on the part of teachers in 
medical school is essential for teach- 
ing and patient care; (3) students in 
most of the countries have only a 
fragmented exposure to research 
techniques; most countries are finan- 
cially incapacitated in funding not 
only faculty research but student re- 
search as well; (4) many departments 
of the medical school are rastricted in 
their educational approach by a tradi- 
tionally rigid hierarchy of the single 
professor. This structure encourages 
dogmatic teaching and is not condu- 
cive to research thought. 

The participants are leaders in 
medical research organizations in 
their country and their focus, very 
often, is circumscribed by their na- 
tional border. One of the outstanding 
points appears to be that countries 
cannot learn from ore another; 
rather, they are all bent on “reinvent- 
ing the wheel.” It is clear that a 
much greater degree of participation 
in multinational cooperation would 
serve a mutually beneficial purpose. 
Unfortunately, in this regard, only 
rudimentary efforts exist and are 
poorly funded. 

This book will serve as a reference 
source for those who are actively en- 
gaged in forming naticnal research 
policies as well as structuring health 
care delivery programs. Of more im- 
portance, it is a valuable reference for 
medical school deans and faculties in 
this country and abroad. Hopefully, 
the reader will be able <o learn from 
the numerous mistakes and some- 
times successful experiments in medi- 
cal teaching and research in Europe 
since World War II. 

DANIEL S. BERNSTEIN, MD 
Boston 
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Dalmane 
(fiurazepam HCI) 





@ induces sleep within 

17 minutes, on average 

@ reduces nighttime awakenings 
è provides 7 to 8 hours 

sleep, on average, 

without repeating dosage 


Before prescribing Dalmane (flurazepam 
HCI), please consult Complete Product 
Information, a summary of which follows: 


Indications: Effective in all types of insomnia 
characterized by difficulty in falling asleep, 
frequent nocturnal awakenings and/or early 
morning awakening; in patients with recurring 
insomnia or poor sleeping habits: and in 

acute or chronic medical situations requiring 
restful sleep. Since insomnia is often transient 
and intermittent, prolonged administration is 
generally not necessary or recommended. 


Contraindications: Known hypersensitivity 
to flurazepam HCl. 


Warnings: Caution patients about possible 
combined effects with alcohol and other 
CNS depressants. Caution against hazardous 
occupations requiring complete mental alert- 
ness (e.g., operating machinery, driving). 
Use in women who are or may become preg- 
nant only when potential benefits have been 
weighed against possible hazards. Not 
recommended for use in persons under 15 
years of age. Though physical and psycho- 
logical dependence have not been reported 
on recommended doses, use caution in 
administering to addiction-prone individuals 
or those who might increase dosage. 


Precautions: In elderly and debilitated, initial 
dosage should be limited to 15 mg to preclude 
oversedation, dizziness and/or ataxia. If 
combined with other drugs having hypnotic 
or CNS-depressant effects, consider potential 
additive effects. Employ usual precautions 

in patients who are severely depressed, or 
with latent depression or suicidal tendencies. 
Periodic blood counts and liver and kidney 
function tests are advised during repeated 
therapy. Observe usual precautions in 
presence of impaired renal or hepatic function. 


Adverse Reactions: Dizziness, drowsiness, 
lightheadedness, staggering, ataxia and 
falling have occurred, particularly in elderly 
or debilitated patients. Severe sedation, 
lethargy, disorientation and coma, probably 
indicative of drug intolerance or overdosage, 
have been reported. Also reported were 
headache, heartburn, upset stomach, nausea, 
vomiting, diarrhea, constipation, GI pain, 





nervousness, talkativeness, apprehension, 
irritability, weakness, palpitations, chest 
pains, body and joint pains and GU com- 
plaints. There have also been rare occurrences 
of sweating, flushes, difficulty in focusing, 
blurred vision, burning eyes, faintness, 
hypotension, shortness of breath, pruritus, 
skin rash, dry mouth, bitter taste, excessive 
Salivation, anorexia, euphoria, depression, 
slurred speech, confusion, restlessness, 
hallucinations, and elevated SGOT, SGPT, 
total and direct bilirubins and alkaline 
phosphatase. Paradoxical reactions. e. g., 
excitement, stimulation and hyperactivity, 
have also been reported in rare instances. 


Dosage: Individualize for maximum beneficial 
effect. Adults: 30 mg usual dosage; 15 mg 
may suffice in some patients. Elderly or 
debilitated patients: 15 mg initially until 
response is determined. 


Supplied: Capsules containing 15 mg or 
30 mg flurazepam HCl. 
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If “trouble sleeping” 
means trouble staying 


asle ... The patient describing this complaint is probably over 
Cp fifty years old! And a sleep research laboratory “profile” 
based on physiologic tracings taken during the middle third 

of her night would look much like the one shown on this page. 

Dalmane (flurazepam HCl) has been proven to effectively reduce awaken- 
ings in patients with insomnia,;— —— S 
as demonstrated by clinical ; 
studies conducted in the 
sleep research labora- / 
tory. In elderly or 
debilitated patients, 
initial dosage should 
be limited to 15 mg 
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consider the benefits of 


Dalmane igi 
(15 mg may suffice in some patients). 
(flurazepam HA). Seas 
e reduces both number and length of nighttime awakenings 


e induces sleep within 17 minutes, on average 
e provides 7 to 8 hours sleep, on average, 


without repeating dosage 


Please turn the page for a summary of Complete Product Information. 
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To the patient who faces a long hospital stay, the prospect of 
wakeful nights in unfamiliar surroundings is particularly 
distressing. That’s one reason why insomnia is often a complaint 
among hospitalized patients. 
; Yet sleep is the concern of the vigilant physician as well as 
5 his patient. Adequate sleep may well be an important element in 
the patient’s recuperation. ..and too little of it may be detrimental.’ 
: ® 
a alimane (flurazepam HCI) 





= for 7 to 8 hours of sleep, on average, 
eo without repeating dosage... 


bes i | For the patient who can’t get to sleep, one 30-mg capsule of 

3 Dalmane (flurazepam HCl) induces sleep rapidly, on average, 
within 17 minutes.2> For the patient who awakens frequently 
during the night or too early in the morning, Dalmane reduces the 
number of nighttime awakenings and, on average, provides 7 to 

8 hours of sleep without repeating dosage.” This effectiveness 

has been thoroughly documented in the sleep research laboratory.*” 
(For elderly or debilitated patients, it is recommended that 

therapy be initiated with 15 mg A.s.) 


1,2,8,10,11,14 


for eat ive safety.” 


Dalmane ( flurazepam Hl) isa distinctive sleep medication —a 
benzeciazepine specifically indicated for insomnia. It is not a 
barbitarate or methaquaone, nor is it related chemically to 

- amy other avai able hypnotic. ce 

| Dalmane s generally well Gaa | morning aaao we 

hes been relatively infrecuent. While dizziness, drowsiness, 

lightheadedness and the like have been noted most often, Fa 
perticularly in the elderly and debilitated, physicians should be 
aware of the possibility cf more serious reactions. Before 


preseriding, consult ORES Product Information. alg 
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the e hospitalized” : Pa restful -r 


mE on - 
Seca dice petients, naz “private practice” | poe a v iia ai 
pasients," the chronically ill,'* adult patientsof {fore patients). 
alleges have been treated with Dalmane. Its One 15-mg capsule h.s.— 
 corsistent effectiveness has been repeatedly con- | ake si) | 
firmed m standard clinical studies all over the _ debilitated patients. 
Un ted States. Three doutle-blind hospital studies 
 shcwedthat Dalmare car relieve insomnia in postsurgical 
patente''. eeni with orthopedic problems '.. psychiatric 
patents? 
An added benefit: Daimane and warfarin may be used 
~ coneurrently wi-hout risk 3f unacceptable fluctuation in 
. pro-arembin time. jz 
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Please see following page for a summary of Complete Product Information. 
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Dalmane’ 
(flurazepam HCI) 





e induces sleep within 17 
minutes, on average 

e reduces nighttime 
awakenings 

è provides 7 to 8 hours 

of sleep, on average, 
without repeating dosage 


Before prescribing Dalmane (flurazepam 
HCl), please consult Complete Product 
Information, a summary of which follows: 


Indications: Effective in all types of insomnia 
characterized by difficulty in falling asleep, 
frequent nocturnal awakenings and/or early 
morning awakening; in patients with recurring 
insomnia or poor sleeping habits: and in 

acute or chronic medical situations requiring 
restful sleep. Since insomnia is often transient 
and intermittent, prolonged administration is 
generally not necessary or recommended. 


Contraindications: Known hypersensitivity 
to flurazepam HCl. 


Warnings: Caution patients about possible 
combined effects with alcohol and other 
CNS depressants. Caution against hazardous 
occupations requiring complete mental alert- 
ness (e.g., operating machinery, driving). 
Use in women who are or may become preg- 
nant only when potential benefits have been 
weighed against possible hazards. Not 
recommended for use in persons under 15 
years of age. Though physical and psycho- 
logical dependence have not been reported 
on recommended doses, use caution in 
administering to addiction-prone individuals 
or those who might increase dosage. 


Precautions: In elderly and debilitated, initial 
dosage should be limited to 15 mg to preclude 
oversedation, dizziness and/or ataxia. If 
combined with other drugs having hypnotic 
or CNS-depressant effects, consider potential 
additive effects. Employ usual precautions 

in patients who are severely depressed, or 
with latent depression or suicidal tendencies. 
Periodic blood counts and liver and kidney 
function tests are advised during repeated 
therapy. Observe usual precautions in 
presence of impaired renal or hepatic function. 


Adverse Reactions: Dizziness, drowsiness, 
lightheadedness, staggering, ataxia and 
falling have occurred, particularly in elderly 
or debilitated patients. Severe sedation, 
lethargy, disorientation and coma, probably 
indicative of drug intolerance or overdosage, 
have been reported. Also reported were 
headache, heartburn, upset stomach, nausea, 
vomiting, diarrhea, constipation, GI pain, 
nervousness, talkativeness, apprehension, 
irritability, weakness, palpitations, chest 
pains, body and joint pains and GU com- 
plaints. There have also been rare occurrences 
of sweating, flushes, difficulty in focusing, 
blurred vision, burning eyes, faintness, 
hypotension, shortness of breath, pruritus, 
skin rash, dry mouth, bitter taste, excessive 
salivation, anorexia, euphoria, depression, 
slurred speech, confusion, restlessness, 


(ocne 


hallucinations, and elevated SGOT, SGPT, 
total and direct bilirubins and alkaline 
phosphatase. Paradoxical reactions, e.g., 
excitement, stimulation and hyperactivity, 
have also been reported in rare instances. 


Dosage: Individualize for maximum beneficial 
effect. Adults: 30 mg usual dosage; 15 mg 
may suffice in some patients. Elderly or 
debilitated patients: 15 mg initially until 
response is determined. 


Supplied: Capsules containing 15 mg or 
30 mg flurazepam HCI. 
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Vascular Surgery: Maturity or Fragmentation? 603 
Richard War-en, MD, Boston 


Again, Via the Median Sternotomy 604 
Philip E. @yer, MD, Norman E. Shumway, MD, Stanford, Calif 


PAPERS READ BEFORE THE 22ND SCIENTIFIC MEETING 
OF THE 'NTERNATICNAL CARDIOVASCULAR SOCIETY, 
CHICAGO. JUNE 21-22, 1974 


Arteriograpny: Correrstone of Vascular Surgery 605 
John H. Foster, MD, Nashwille, Tenn 


Renin Release and Renal Cortical Ischemia 
Following Aortic Cross Clamping 612 
Henry D. Berkowitz, MD, Shantraram Shetty, MB, BS, Philadelphia 


Tota! flow unaffected, but cortical fraction diverted to medulla. 


Open Heart Surgery in Patients With Inherited Hemoglobinopathies, 

Red Cell Dyserasias, and Coagulopathies 618 
Marc R. ceLeval, MD; Howard F. Taswell, MD; 
E. J. Walser Bowie, MD; Gordon K. Danielson, MD, Rochester, Minn 


Appropriate precautions prevented complications in 11 patients. 


Emergency Infarctectomy and Closure 

of Ruptured nterventricular Septum 623 
Duncan a. Killen, WD; Devid R. McConahay, MD; James E. Crockett, MD; 
William A. Reed, MD; Ber D. McCallister, MD; Hubert H. Bell, MD, Kansas City, Mo 


Five patients: four survived. 


Double Internal Mammary-Coronary Artery Bypass 627 
Hendrick B. Barner, MD, St. Louis 


Right internal mammary suitable only for 
small r ght coronares with proximal lesions 


Myocardia! Oxygen Utilization During Left Heart Bypass: 

Effect of Varying Percentage of Bypass Flow Rate 635 
John L. ?ennock, MD; William S. Pierce, MD; 
G. Allen Prophet; John A. Waldhausen, MD, Hershey, Pa 


Maximum myocarcial oxygen consumption reduction achieved 
with left vencricular d2compression. 


Mitral Valve Replacement: 

Starr-Edwards Cloth-Covered Composite-Seat Prosthesis 642 
W. Baker A len, MD; Robert 3. Karp, MD; 
Nicholas T. Kouchoukos, MC, Birmingham, Ala 


Improved results and decrease in valve-related complications; 
earlier operation recommended. 
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Sandard.zed senna concentrate “Ile all ealhe 
A unique natural laxative plus 


a Classic stool softener 


Coordinated dual action against constipation 
SENOKOT S Tablets combine the gentle laxative action of standardized senna concentrate 
and the stool-sof-ening action of DSS to counteract both bowel inertia and hard dry stools. 


Provides standardizec senna concentrate —a unique natural laxative 

Standardized senna cencentrate, the neuroperistaltic stimulant in SENOKOT S Tablets, is a 
purified, natural vegetable derivative, the effectiveness of which has been documented in 
numerous published s udies comprising thousands of patients. It is virtually colon-specific and 
acts through gentle sti mulation of the motor plexus of Auerbach, not by irritation of the mucosa. 


Provides DSS—a classic stool softener 
DSS in SENOKOT S Teblets complements the laxative action of standardized senna concentrate 
by softening the stool for smooth and easy passage. 


Comfortable, predictaple evacuation 

A bedtime dose of SENOXOT S Tablets usually induces comfortable evacuation the next 
morning, allowing unirterrupted sleep. SENOKOT S Tablets aid in rehabilitation of the 
constipated patient by facilitating regular elimination. 


indications: SENOKO™ S Tablets offer welcome relief for functional constipation when 
combined neuroceristaltic stimulation plus stool softening is indicated, especially for: the aged; 
Dostpartum and postoperative patients; patients on constipating drugs; cardiovascular patients 
and those with hemorrno ds. 


Dosage (preferably at bedtime): Adults: Initial Dosage: 2 tablets (max. dose—4 tablets b.i.d.). 
Shildren (above 60 lb.) 1 tablet (max. dose—2 tablets b.i.d.). To meet individual requirements, 
Josage may De decreased or increased by 1 tablet (up to maximum) until the most effective 

dose is established. 

Supplied: Bottles of 30. and 50 tablets. PURDUE FREDERICK 
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Myocardial Scanning in Patients Undergoing Coronary Bypass Surgery 
Benedict A. Termini, MD; Leonard Scherlis, MD; Robert T. Singleton, MD; 
Joseph S. McLaughlin, MD; Malcolm Cooper, MD, Baltimore 


Potassium chloride K 43 scan has certain advantages. 


Ischemic Myocardial Injury With 

Aortic Valve Replacement and Coronary Bypass 
Stephen J. Rossiter, MD; Herbert N. Hultgren, MD; Jon C. Kosek, MD; 
Robert D. Wuerflein, MD; William W. Angell, MD, San Jose, Calif 


Current methods of protecting myocardium during bypass 
only partially effective. 


Metabolic Alterations With Profound Hypothermia 
Robert J. Ellis, MD; Eddie Hoover, MD; 
William A. Gay, MD; Paul A. Ebert, MD, New York 


Profound hypothermia and limited cardiopulmonary bypass 
Superior method for avoiding acidosis. 


Venous Thromboembolic Disease: 
Evaluation of New Methodology in Treatment 


James S. T. Yao, MD, PhD; Robert E. Henkin, MD; 
John J. Bergan, MD, Chicago 


Twenty-eight percent with clinical diagnosis were normal on testing. 


Isotopic Cardiac Pacemaker: Clinical Use 


Andrew A. Gage, MD; William M. Chardack, MD; 
Anthony J. Federico, MD, Buffalo 


Applicable primarily for younger age group. 


Fibromuscular Dysplasia of the Internal Carotid Artery: 
Surgical Management 
William K. Ehrenfeld, MD, Edwin J. Wylie, MD, San Francisco 


Dilation a very satisfactory method when disease is distal. 


Carotid Artery Back Pressure and Endarterectomy 
Under Regional Anesthesia 


LTC Robert W. Hobson Il, MC, USA; LTC Creighton B. Wright, MC, USA; 
MAJ James W. Sublett, MC, USA; LTC C. William Fedde, MC, USA; 
COL Norman M. Rich, MC, USA, Washington, DC 


Pressures below 25 to 50 mm Hg probably 
indicate inadequate collaterals. 


Transthoracoesophageal Ligation of 
Bleeding Esophageal Varices: A Reappraisal 
LeRoy S. Wirthlin, MD; Robert R. Linton, MD; Daniel S. Ellis, MD, Boston 


Fifty-five patients; 71% overall survival. 
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Intermittent Claudication: Surgical Significance 
C. Newton Peabody, MD, Boston; 
William B. Kannel, MD; Patricia M. McNamara, Framingham, Mass 


Comorbidity from atherosclerosis of other systems 
high and predictable. 


Interspecies Healing of Porous Arterial Prostheses: 

Observations, 1960 to 1974 
Lester R. Sauvage, MD; Knute E. Berger, MD; Stephen J. Wood, MD; 
Stanley G. Yates Il; James C. Smith, MD; Peter B. Mansfield, MD, Seattle 


Man heals more slowly and incompletely than pig, 
calf, baboon, or dog. 


Acute Abdominal Aortic Injury: 

An Analysis of Operative and Postoperative Management 
Robert C. Lim, Jr., MD; Donald D. Trunkey, MD; 
F. William Blaisdell, MD, San Francisco 


Thirty-two patients, 37% survived; wide exposure 
and massive blood replacement required. 


Mycotic Aneurysms 


Charles B. Anderson, MD; Harvey R. Butcher, Jr., MD; 
Walter F. Ballinger, MD, St. Louis 


Ligation preferable and is possible more often 
than previously thought. 
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‘Instructions for Authors 


Send manuscripts by first-class mail to the Chief Editor, 
chard Warren, MD, 313 Longwood Ave, Boston 02115. 
Manuscripts are received with the understanding that 
they are mot under simaltaneous consideration by another 
publication. Accepted manuscripts become the permanent 
property of the ARCHIWES and may not be published else- 
waere without permissin from the publisher (AMA). 


[ ] All aecepted manuscripts are subject to copy editing. 
The author will receive an edited typescript and layout 
racher than galley or page proofs for approval. The author 
is responsible for all statements in his work, including 
changes made by the copy editor. 


g Designate one auther as correspondent and provide his 
aGdress and telephone mumber. He will be notified by mail 
of the intended publication date approximately one month 
in advance. Order reprints at the time the typescript is 
reurned after editorial processing. Specify address to 
which requests for reprints should be sent. The correspond- 
ing author will receive 200 tearsheet copies of the article 
atmo cost. 


[_ Submit an original typescript and two high quality 
copies of the entire manascript including short communica- 
tiens such as letters to the editor, book reviews, announce- 
ments, etc All ecpy (including references, legends, and 
tables) must be tyved double-spaced on 22 x 28 em (8% x 
11 inch), heavy-duty white bond paper. Ample margins 
sheuld be provided. 


E Titles should be short, specific, and clear. They should 
not exceed 75 characters. including punctuation and spaces. 
A subtitle is often usefu tc shorten the main title. Provide 
a brief “running title” en each manuscript page. 

a The syle of writing’ should conform to acceptable 
English usage and syntax. Slang, medical jargon, obscure 
abbreviatims, and abbreviated phrasing are to be avoided. 


a Manuscripts r2porting the results of experimental in- 
vestigations en human subjects must include a statement 
co -he effect that informed consent was obtained after the 
nature of the procedure(s) had been fully explained. 


4 Authors whose “firs” language is not English should 
arrange for their manuscripts to be written in idiomatic 
English pror to submissior. 


[] Provide an abstract (135-word maximum) of the arti- 
ele. The abstract should include statements of the problem, 
method of study, results, and conclusions. The abstract 
repiaces the summary. 


[] List references in @nsecutive numerical order (not 
alpaabetically). Orce a reference is cited, all subsequent 
citations should be to the original number. All references 
must be cited in the text or tables. Unpublished data 
and persoral communications should not be listed as 
references. Refererces te journal articles should include 
(1) author (2) ticle, (£) journal name (as abbreviated 
in Index Medicus), (4) velume number, (5) inclusive page 
numbers, and (6) year, in that order. References to books 
should include (1) author s), (2) chapter title (if any), (3) 
editer (if any), (4) title of book, (5) city of publication, 
6) publisher, and (7) year. Volume and edition num- 
bers, specife pages, anë name of translator should be 
incladed when appropriate. The author is responsible for 
the accuracy and completeness of the references and for 
ther correct text citatiom Note this journal’s punctuation 
end sequence style -n published reference lists. 
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[ ] Refer to patients by number (or, in anecdotal reports, 
by fictitious given names). Real names or initials should 
not be used in the text, tables, or illustrations. 


[ ] All measurements are to be in metric units. 


w Letters to the Editor. The editor will be pleased to 
receive correspondence of 250 words or less that pertains 
to material published in the ARCHIVES or to other matters 
of interest to its readers. Letters should be typewritten, 
double-spaced and clearly marked “For Publication.” No 
more than two references are permitted, and illustrations 
are acceptable only when essential to the message. 


[] Use only those illustrations that clarify and augment 
the text. Submit illustrations in duplicate, unmounted 
and untrimmed. Do not send original artwork. Send high- 
contrast glossy prints (not photocopies). Figure number, 
name of senior author, and arrow indicating “top” should 
be typed on a gummed label and affixed to the back of 
each illustration. All lettering must be legible after reduc- 
tion to column size. Artwork submitted for publication may 
be relettered to achieve uniformity of lettering style through- 
out the journal. Magnification and stain should be provided 
when pertinent. Illustrations should preferably be in a 
proportion of 12.5 x 18 em (5 x 7 inches). Legends 
should be typed double spaced beginning on a separate 
sheet of paper. Length should be limited to 40 words. 


A An experienced medica! illustrator should be employed 
whenever possible for the preparation of all artwork. 
Template lettering or preset type is preferred to hand- 
lettered labels. If halftone artwork with labels is sub- 
mitted, affix type and leaders to a clear acetate overlay 
registered to the base drawing. Labels and leaders should 
be applied directly to the drawing board surface if the 
artwork consists only of line ink technique. 


ia A letter of consent must accompany all photographs 
of patients in which a- possibility of identification exists. 
It is not sufficient to cover the eyes to mask identity. 


w Illustrations in full color are accepted for publication 
if the editors believe that color will add significantly 
to the published manuscript. The ARCHIVES will pay part 
of the expense of reproduction and printing color illus- 
trations, the remainder to be borne by the author or his 
sponsor. After deducting the ARCHIVES contribution, the 
author’s share is $275.00 for up to six square finished 
illustrations which can be arranged on a one-page layout. 
Any additional illustrations or special effects will be billed 
to the author at cost. Positive color transparencies (35 
mm preferred) must be submitted for an evaluation. 
Do not send color prints unless accompanied by original 
transparencies. All transparencies should be carefully 
packed and sent with the manuscript in a separate con- 
tainer or between two pieces of pressboard. Do not submit 
glass-mounted transparencies. 


C] Each table should be typed double-spaced, including 
all headings, on a separate sheet of 22 x 28 cm paper. Do 
not use larger paper. If a table must be continued, use a 
second sheet and repeat all heads and stubs. 

[ ] Tables should be arranged so they will print no wider 
than three columns in the ARCHIVES. Generally up to nine 
columns of data (including stub, or left column) will fit 
into three columns. Tables must be numbered consecutively, 
beginning with 1, and each must be titled. Example: 
“Table 6.—Results of Blood Coagulation Studies.” 
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Editorials 


Vascular Surgery 


Maturity or Fragmentation? 


eriosderosis and venous thrombosis promise to 

be witk us fer a Img time to come. Arterial repair, 
now reaching the end of the first quarter century of its 
modern era, continues te find new applications. The coro- 
nary, distal lower extremity, and intracranial arteries are 
recent conquests. Our present inability to name the next 
area for invasion does net mean that the technique has no 
place else to go. History bristles with examples of the fal- 
lacy of this sort of conceit, the most notorious being Bill- 
roth’s statement 190 yeers ago that surgery had reached 
the limit of its derelopmert. 

Other projects, furthermore, are good for many years 
more: (1) the seareh for the ideal arterial prosthesis; (2) 
depending to some extent on the foregoing, the cautious 
exploration of proohylaetic operations on asymptomatic 
lesions alreacy begun in the carotid area; (3) prevention 
and containment of thrombosis, both arterial and venous, 
and of progression of arteriosclerosis, to say nothing of 
the perfectior of od, and the development of new, meth- 
ods of detection. 

Who are to be the doctors responsible for the safe con- 
duct of these activities? The field of vascular reconstruc- 
tion over these 25 years has been a rich hunting ground 
for the general surgem, often inadequately trained 
in vascular procecures, who had found his preserves 
shrunken by encroaching specialties. Our editorial in the 
ARCHIVES in November 2973 outlined the steps taken by 
the Society for Vaseular Surgery and the North American 
Chapter ef the International Cardiovascular Society to at- 
sempt control of ths undesirable situation. Through com- 
mittees working ir conjanetion with organized surgical 
societies, an application was made to the American Board 
of Surgery fer the creation of a Certificate of Special 
Competence in Vascular Surgery. This certificate, it was 
noped, weuld assist hospital boards in deciding where to 
əlace the respensibi ity of vascular surgical affairs in their 
mstitutions. 

The American Beard o: Surgery has responded to that 
setition in 2 report announced at the June 1974 meetings 
af the vascular societies to the effect that, before it could 
-onsider the mechanism ef a certificate, “essentials” and 
“guidelines” fer training in vascular surgery must be ap- 
proved, published, and eafcrced. In other words, recog- 
nized training programs must be developed before an ex- 
=mination, if any, can be defined. The American Board of 
Surgery ‘recommended the formation of a committee un- 
cer its supervision, to inclade the American Board of Tho- 
ecic Surgery f it wishes, with representation from the 
interested societies and im consultation with residency re- 
view committees, to develop this recommendation. 

So, although the order of business has changed, the 
march toward speciclty recognition proceeds in a healthy 
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manner. Expertise is encouraged, while the willingness of 
the American Board of Surgery to hold its umbrella over 
the enterprise avoids total fragmentation. 

An additional concept has intruded itself along the way, 
namely, a specialty journal. Representatives of the vascu- 
lar societies have approached a well-known medical pub- 
lisher who has returned a concrete proposal in writing. 
The journal would be called The American Journal of Vas- 
cular Surgery, to be bimonthly at first, moving into a 
monthly. It would be the organ of both societies and would 
attract papers on vascular subjects from other sources. It 
would hope to reach 3,000 subscribers by the end of two 
years. The move would mean the abandonment of Surgery 
and the Archives of Surgery as affiliates of the societies. It 
would mean a cessation of membership subscriptions on 
the part of the North American Chapter of the Inter- 
national Cardiovascular Society to the Journal of Cardio- 
vascular Surgery, the organ of its parent international 
body, the International Cardiovascular Society. The 
proposal has been put before the membership of both so- 
cieties to be voted on by them in June 1975. 

The pros and cons of such a new journal are evident. 
The pros include the following: (1) Identity and prestige, 
it is contended, would redound to the specialty. (2) It 
would be convenient to have only one place to look for the 
majority of important articles in the field. (3) It would lib- 
erate those who confine themselves to vascular surgery 
from subscription to general surgical journals. 

The cons are (1) The societies’ papers would lose expo- 
sure to a large number of readers. Surgery and Archives 
of Surgery now reach about 50,000 physicians a month. (2) 
Since the minority of vascular surgeons confine their ac- 
tivities entirely to that field, those persons would be add- 
ing another subscription to their already overloaded mail. 
(3) There is uncertainty as to which way organized tho- 
racic surgery would move (more toward thoracic or more 
toward vascular). (4) Not only must the financial gamble 
be taken seriously (the price of paper is, in 1974, near the 
top of the inflation spiral), but the societies should con- 
sider seriously whether they wish to shoulder responsi- 
bility for initiating another national journal when the ra- 
tio of excellent to mediocre papers is already too low. 

The basic questions we must ask ourselves are these: Is 
the creation of a new journal really necessary as a corol- 
lary to specialty recognition, and do we want the further 
fragmentation of surgery that it implies? The ARCHIVES 
urges each of those interested to think seriously on this 
matter within the next few months and communicate his 
or her own opinion to the secretaries of the two societies 
(Secretary of the Society for Vascular Surgery, William S. 
Blakemore, MD, Medical College of Ohio, Toledo, OH 
43609; Secretary of the North American Chapter of the In- 
ternational Cardiovascular Society, James A. DeWeese, 
MD, 260 Crittenden Blvd, Rochester, NY 14642). Let it not 
be written that the decision for or against the new journal 
was made without strong input from the majority of those 
caring for patients in this field. 

RICHARD WARREN, MD 
319 Longwood Ave 
Boston, MA 02115 


Editorials 603 





Again, Via the Median Sternotomy 


K the essentially palliative nature of many kinds of 
heart surgery becomes more fully recognized, sec- 
ondary open heart procedures are being performed with 
increasing frequency. Reoperations most commonly in- 
volve replacement of malfunctioning prosthetic valves or 
insertion of new prosthetic devices where previous val- 
vuloplastic precedures have failed. Additionally, reopera- 
tion is occasionally indicated in the face of progressive 
coronary atherosclerosis wherein previously placed grafts 
have occluded or new coronary lesions have developed. Nu- 
merous further special situations can occur in which a sec- 
ond operation becomes necessary. 

A certain amount of controversy surrounds the advis- 
ability of performing the second cardiac surgical proce- 
dure via the median sternotomy used for the earlier op- 
eration. Certainly, all agree the supine position on the 
operating table is far superior to the lateral for he- 
modynamic stability. Generally, objections to reoperating 
by vertical sternotomy have concerned safety, problems 
with intraoperative and postoperative hemostasia, and 
impatience with the sometimes tedious dissection. It is our 
impression that a second median sternotomy can be done 
quite safely, that intraoperative and postoperative hemo- 
stasia need not be a problem, and further that exposure of 
the heart afforded by the midline approach, allowing full 
flexibility of technique during the actual intracardiac pro- 
cedure, is well worth the modest amount of extra time re- 
quired for the dissection. 

The method used is as follows: After routine incision of 
the skin and subcutaneous tissues, the sternal wires are 
removed. The outer table of the sternum is then divided 
using an oscillating saw, while the inner table is split 
using heavy scissors and beginning at the xiphisternum. 
As the inner table is cut, the scissors are used as a wedge 
to push either side of the sternum away from the midline. 
Next, one side of the sternum is retracted upward and lat- 
erally in a gentle fashion so as not to tear the right heart 
chambers or the aorta. The anterior surface of the heart 
and great vessels is then dissected off the sternum using 
the coagulation current of an electrocautery unit over a 
distance of several centimeters on either side so that the 
sternal retractor can be inserted. The retractor is then 
opened slowly, continuing the dissection laterally with the 
electrocautery. Adherent lung is especially well dissected 
by the coagulation technique. It is important at this point 
that scar in the area behind the sternal notch be dissected 
free as the retractor is opened to relieve tension on the in- 
nominate vein. As the retractor is spread, dissection is 
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carried down about the aorta, still using electrocautery 
liberally until the aorta can be encircled. To this point 
very little direct manipulation of the heart itself is neces- 
sary; however, with control of the aorta, cannulation and 
cardiopulmonary bypass can be rapidly carried out if cir- 
culatory instability occurs. 

Following control of the aorta, the heart is gently re- 
tracted medially, the lung pushed laterally, and a plane 
developed between the right atrial wall and the right lung 
with the electrocautery. Once full exposure of the right 
atrium is achieved, cannulation is carried out in routine 
fashion. Adhesions remaining over the left lateral and 
posterior surfaces of the heart can then be lysed quickly 
and easily with the heart decompressed on bypass. 

It has been our routine in all cardiac surgical procedures 
to prepare and drape the inguinal areas so that rapid con- 
trol of the circulation can be accomplished via the femoral 
artery should this become necessary before control is fully 
established within the chest. This is particularly useful in 
reoperations involving large ascending aortic aneurysms 
where the anterior aortic wall lies in close proximity to the 
sternum, or where the right atrium is healed to the under- 
surface of the old sternotomy. Ordinarily when this situ- 
ation obtains, cannulation is in fact accomplished by the 
femoral artery simultaneous with opening of the chest, in- 
tentional fibrillation of the heart, and venous return via 
the coronary suckers. 

One final point should be made regarding closure of the 
pericardium at the time of the first cardiac procedure. Al- 
though some surgeons have advocated loose pericardial 
closure, especially when reoperation at a later date is pos- 
sible, it has been our experience that pericardial adhesions 
generally are significantly tighter and more difficult to 
dissect when the pericardium has been closed than when it 
has been left open. 

More than 300 secondary sternotomies have been per- 
formed at Stanford, occasional patients having had as 
many as four such procedures. There have been isolated 
instances of laceration of the right atrium and ventricle 
and of the aorta during division of the sternum; however, 
in all cases this situation was satisfactorily retrieved, and 
in no instance did the mishap significantly alter the post- 
operative outcome. There were no deaths associated with 
the reoperation approach. 

PHILIP E. OYER, MD 
NORMAN E. SHUMWAY, MD 
Stanford Medical Center 
Stanford, CA 94304 
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Papers Read Before the 22nd Scientific Meeting 
of the International Cardiovascular Society, 


Chicago, June 21-22, 1974 


Arteriography 


Cornerstone cf Vescular Surgery 
John H. Foster, MD 


any factors end individuals have contributed to the 
develooment of vascular surgery as we know it today. 
The classic contributions of Carrel, Matas, deTakats, 
Crafoord, Blalock, Gross, Julian, Shumacher, DeBakey, 
Linton, and others too numerous to mention are examples. 
However, in my opinion, one of the most important fac- 
torsin the rapid d2velopment of vascular surgery over the 
last two decades has been the widespread application of 
arteriography in the study of patients with suspected ar- 
terial disease. Prior to 1952, most physicians considered 
arteriosclerosis to be a generalized systemic disease for 
which little ər nothing zould be done. Arteriography was 
considerec to be meddlesome, unwarranted, and danger- 
ous. Following th2 reparts of Oudot' and of DuBost and 
his associates’ of successful resection and homograft re- 
placement of the abdominal aorta, interest in vascular 
surgery skyrocketed. This interest in vascular surgery 
provided a tremendous impetus for the development of 
improved angiographic techniques and safer contrast me- 
dia. Arteriograms were performed with an ever-increas- 
ing frequency. It soon became apparent that, while arteri- 
oselerosis is a generalized disease, it also is often 
characterized by short, segmental occlusive lesions amena- 
ble to surgical correction. 

Another important result of widespread application of 
arteriography was the disccvery of arterial lesions that 
were previously unknown, eg, fibromuscular dysplasia of 
the renal arteries. subclavian steal syndrome, and the seg- 
mental occlusion or stenosis of the renal, celiac, superior 
mesenteric, and carotic arteries. In most instances, these 
lesions were also amenable zo surgical correction. 


Aecepted “or publicetion Juy 12, 1974. 

From the Department of Medicine and the Specialized Center of Re- 
search in Hypertension, Vancerhilt University Hospital, Nashville, Tenn. 
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THE SURGEON’S INVOLVEMENT IN 
THE HISTORY OF ANGIOGRAPHY 


In 1974 it may seem strange for a surgeon to choose to 
present a presidential address on arteriography, an area 
of interest that may be more related to radiology than to 
surgery. However, the surgeon is intimately enmeshed in 
the history of angiography. The aggressive and positive 
attitude of the surgeon in the treatment of his patients 
was probably required to even contemplate introducing a 
needle into an artery and injecting a toxic substance. 


In 1895 Roentgen announced the discovery of x-rays. . 


Over the next 28 years there were many reports of arte- 
riograms done in cadavers and amputated extremities, as 
well as animal studies. In 1923 Sicard and Forestier’ in- 
jected iodized poppyseed oil into the antecubital vein of a 
patient and, with the fluoroscope, observed the flow of the 
medium through the heart and pulmonary arteries. Later 
in 1923 Berberich and Hirsch‘ reported the first brachial 
arteriograms in man; strontium bromide was the contrast 
medium. They were interested in using this procedure to 
study the physiology and anatomy of the cireulatory sys- 
tem in man. In 1924, unaware of the German experience, 
Barney Brooks’ reported three cases of femoral arteriog- 
raphy. Sodium iodide was the contrast medium (Fig 1 and 
2). He used the procedure to help determine whether a 
lower extremity should be amputated and, if so, the 
proper level of amputation. This was the first reported use 
of arteriography to determine how a patient should be 
treated and was the birth of clinical angiography. He did 
the first arteriogram on Sept 19, 1923; at the time he was a 
member of the faculty of Washington University School 
of Medicine in St. Louis. In 1925 he became the first pro- 
fessor and chairman of the Department of Surgery at 
Vanderbilt University School of Medicine. 

In 1927, Egaz Moniz, a Portuguese neurologist and 
neurosurgeon, reported the first carotid arteriograms in 
man (Fig 3 and 4). Moniz envisioned this as a method of 
demonstrating intracranial tumors. In 1929, Reynaldo dos 
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Fig 1.—Barney Brooks (1884-1952), who first re- 
ported femoral arteriography in 1924. 


Fig 2.—Femoral arteriogram done by Brooks on 
Sept 19, 1923; contrast medium was sodium iodide. 
Popliteal trifurcation vessels are clearly delineated. 
(From Brooks’) 


Santos, a Portuguese surgeon and primarily a urologist, 
and his co-workers reported the first translumbar aorto- 
gram.’ The story of how dos Santos came to perform 
translumbar aortography is of interest. He had often per- 
formed translumbar sympathetic blockade with a local an- 
esthetic in patients with peripheral vascular disease. On a 
number of occasions, the needle was unintentionally in- 
serted into the abdominal aorta. The patients displayed no 
ill effects after the needle was withdrawn. This observa- 
tion, coupled with the knowledge of Moniz’ work, led dos 
Santos and his associates to perform translumbar aortog- 
raphy in man; sodium iodide was the contrast medium em- 
ployed (Fig 5 and 6). In the first few cases the aortogram 
was followed by an immediate laparotomy to determine 
whether substantial bleeding had occurred. It had not. Dos 
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Santos envisioned this technique as more than a means of 
studying patients with vascular disease. The indications 
for aortography and arteriography as recorded in dos San- 
tos’ 1929 report* are as follows: gangrene of the lower ex- 
tremity, suppurative osteoarthritis, osteomyelitis, syphilis 
of bone, Volkmann contracture, sarcomas of bone and soft 
tissue, and popliteal artery aneurysm. His view was that 
it would be a valuable method for discovering tumors and 
other intra-abdominal abnormalities. He also envisioned 
the intra-arterial administration of various medications 
(sera and antisera) in patients with intra-abdominal in- 
fections. He termed this procedure aortotherapy. In Paris, 
in 1931, he gave a report before the French Academy of 
Science on 300 translumbar aortograms without mortality 
or appreciable morbidity. These patients, for the most 
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Big 3.—Egaz Mon (1874-1955), Portu- Fig 4.—Cerebral angiogram published in Moniz’ original report in 1927. (From Moniz’) 
guese neurologist wh) first eported carotid 


arteriography and cerebral angiography in 
1927. In 1932 he introduced tnorium diox- 
desas an angiographc cont:ast medium. In 
1949%he wor the Nobel Prize for his pioneer- 
ng work with prefronta! lofotcmy. 
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Fig 6.—A reproduction of first translumbar aortogram done by dos Santos and his 
associates. (From dos Santos et al’) 





Fig 5.—Reymaldo dos Santos (1860-1970), who, in 
192G, first reported t-anslumbar aortography. He 
envisioned this as a valuable method of studying f ; ' 
many diverse patholog cal conditions. Congress in London in 1933 and it was ignored.” He was a 
man born ahead of his time. Today aortograms are done 
part. did not have vasculer disease. He was criticized and frequently in patients suspected of having tumors of the 
eondemned for doirg this reckless and dangerous proce- liver, adrenal gland, or kidney. Parenthetically, during the 
dure without a sound therapeutic indication. He presented past year in doing aortograms in 350 patients with high 
a similar paper to the International Urological Society blood pressure, we discovered five patients with small, un- 
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Fig 7.—Table used by Reynaldo and Jean dos Santos to do serial 
arteriographic studies in their clinic in Lisbon. 


Fig 8.—Jean Cid dos Santos (1907- ), currently professor of sur- 
gery in Lisbon and president of the International Cardiovascular So- 
ciety. He did the first thromboendarterectomy in 1943. 


suspected hypernephromas. While dos Santos may be ac- 
cused of having pursued a reckless and cavalier course, he 
nonetheless made a valuable contribution. In the same 
vein, it is of interest to note that Moniz was awarded the 
Nobel Prize in Physiology and Medicine in 1948 for his pio- 
neering work with prefrontal lobotomy in patients with 
mental disease, a procedure that today remains controver- 
sial. At the time they made their contributions, neither 
Moniz nor dos Santos were much interested in vascular 
disease per se. They envisioned these techniques to be 
more valuable in the study of tumors and other disease 
states. However, it is difficult to put these views in proper 
perspective today; during their time there was very little 
that could be done about arterial disease. 


THE PROBLEM OF THE 
TOXICITY OF THE CONTRAST MEDIA 


During the next 20 years many investigators tested dos 
Santos’ concepts in both animals and man. Some were con- 
firmatory, others contradictory. The most damning report 
was one by Henline and Moore in 1936.'® They did abdomi- 
nal aortography in 23 dogs with sodium iodide as the con- 
trast medium. They reported a 50% mortality and sub- 
stantial morbidity in most of the others. This study 
reinforced many physicians’ fear of aortography. How- 
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ever, a closer analysis of their study reveals several perti- 
nent observations. The canine abdominal aorta is much 
smaller in caliber and very different in composition when 
compared to the human abdominal aorta. The canine aor- 
tic wall is very thin and contains far less elastic tissue. 
milligram per milligram, than the human aorta. Never- 
theless, they used the same size needle as used in man and 
a dosage of sodium iodide five times as great as used in 
man on a kilogram for kilogram basis. Most of the deaths 
were due to the toxicity of the contrast medium. 

In spite of reports of this nature, surgeons and urolo- 
gists forged on with aortography, as did dos Santos. One 
of his later reports was on 1,000 consecutive translumbar 
aortograms.'' Reynaldo dos Santos and his son Jean Cid 
dos Santos introduced many of the techniques used in an- 
giography and vascular surgery today. Figure 7 shows the 
lead-topped table they used for serial exposure arteriogra- 
phy. The x-ray films were inserted in stationary racks be- 
neath the table top, the patient was positioned over an 
open slot in the table top, and during the injection of the 
contrast medium the table top was rotated at timed inter- 
vals as the x-ray films were exposed. Jean Cid dos Santes 
was the first to do thromboendarterectomy,'* and today he 
is the chief of the clinic once headed by his father (Fig 8). 

In the 1930s it became apparent that sodium iodide was 
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Fig 9.—Effect of a case of paraplegia secondary to aortography in 
Vanderbilt University Hospital. A trend of increasing use of arteriog- 
raphy in the study of patierts with suspected vascular disease was 


abruptly reversed. 


toe toxic. Moniz and dos Santos both began using thorium 
dioxide (Thorotrast) as a contrast medium. It is a good 
contrast medium and ceuses no patient discomfort. How- 
ever, it 8S radicactive, is taken up by the reticu- 
loendothelium system cf the liver and spleen where it 
remains permanently, and is associated with the develop- 
ment of sarcoma end aplastic anemia. Thereafter, a num- 
ber of organic iodide centrast media were developed. A 
detailed and excellent h story of the development of ang- 
iographic contrast medi has recently been published by 
Killen.” Characteristicdly the medium was first devel- 
oped for use in excretory urography. After testing in man, 
if intraverous administration of the medium was reason- 
ably well tolerated, it was zhen used in arteriography. 


Fig 10.—Left, Early phase of abdominal aortogram showing pa- 
tent main renal arteries bilaterally. Below, faintly opacified acces- 
sory right renal artery (arrow). R ght, Later phase of same aorto- 


There were sporadic reports of small series of aortograms 
and arteriograms. Although there were some complica- 
tions secondary to the needle puncture, the major problem 
remained the toxicity of the contrast medium. 

In 1956, in our hospital, an abdominal aortogram using 
acetrizoate (Urokon) sodium resulted in paraplegia and 
eventually death of the patient.'* Almost simultaneously, 
observations in the experimental laboratory raised puz- 
zling questions. In two groups of dogs, abdominal aorto- 
grams using 15 ml of acetrizoate sodium resulted in para- 
plegia in every animal in one group and none in the other. 
There was one major difference in the two groups of ani- 
mals. In one group the infrarenal abdominal aorta had 
been previously resected and replaced with a nylon graft; 
none of these animals sustained a neurologic injury. The 
other group was made up of normal dogs and every dog 
was paraplegic. Subsequent studies by Killen et al showed 
that the 15-ml dose of acetrizoate sodium, an excessive 
dose by human standards, routinely produced paraplegia 
in the dog if the lumbar arteries were patent.’*'® If the 
lumbar arteries were not patent, as in the dogs with infra- 
renal aortic replacement, paraplegia was not encountered. 
Clearly, toxicity of the contrast medium was to blame. 
The neurosurgical service at Duke University recorded 
similar observations and conclusions." 

During the 1950s there were reports of cellular damage 
to every abdominal viscus secondary to aortography; some 
few were due to mechanical arterial trauma by a needle or 
catheter, but the overwhelming majority were the result 
of contrast media toxicity.'* The kidney was the most com- 
monly injured organ; spinal cord injuries were the most 
devastating. Figure 9 shows the effect that the case of 
paraplegia secondary to aortography had on our institu- 


gram showing abdominal aortic aneurysm with stenosis at origin of 
right accessory renal artery. This accessory renal artery was im- 
planted into side of graft used to replace aneurysm. 
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tion. We surveyed the departments of urology and radiol- 
ogy in this country with a query about paraplegia follow- 
ing abdominal aortography. From 565 inquiries, 401 
responses were received. The response was guarded, but it 
yielded detailed reports of 41 cases of paraplegia follow- 
ing abdominal aortography. In 85% of the 41 cases the con- 
trast medium had been acetrizoate sodium.'* And yet it 
was several years before acetrizoate sodium was with- 
drawn from the market. 

At the same time, studies to find safer media were 
started in many institutions and by two pharmaceutical 
companies. These studies resulted in the present day con- 
trast media, which have a very good margin of safety. At 
present, organic iodide solutions of sodium/meglucamine 
salts of iothalamate or diatrizoate are the media of 
choice.'’ Still even safer and less noxious contrast media 
are needed. Patient discomfort associated with aortog- 
raphy remains a serious impediment, especially to careful 
follow-up arteriographic studies. However, the testing of 


experimental contrast media in human patients has be- 


come increasingly difficult because of the requirements of 
informed consent. It may be that attention should be 
turned to judicious use of drugs to alleviate patient dis- 
comfort. In 1923, Brooks exposed the femoral artery in 
man under local anesthesia and then briefly administered 
nitrous oxide to alleviate patient discomfort during the in- 
tra-arterial injection of sodium iodide.’ In 1974, it should 
be possible to safely use anesthetics, analgesics or other 
drugs to completely eliminate patient discomfort. 


ANOTHER IMPORTANT CONTRIBUTION 
TO CONTRAST ANGIOGRAPHY 


Returning to 1953, there was another important contri- 
bution to the field of contrast angiography. Seldinger, of 
Sweden, reported his method of percutaneous, retrograde 
catheter arteriography.” This technique has become the 
most commonly employed arteriographic technique and 
has greatly improved the quality of angiography. It allows 
precise placement of the catheter for aortic as well as se- 
lective and oblique studies. A common criticism of the 
technique relates to patients with occlusive lesions of the 
terminal aorta and iliac arteries, and the increased risk of 
complications associated with retrograde catheter femoral 
arteriography in such patients. However, in these patients 
the axillary route of inserting the catheter usually works 
very well. Translumbar aortography is still preferred by 
some surgeons, especially surgeons who still do their own 
arteriography. 


HAZARDS OF ARTERIOGRAPHY 


Today, 45 years after dos Santos’ original report, many 
physicians are still fearful of the hazards of arteriogra- 
phy. However, in the hands of a skilled vascular angiogra- 
pher, these are minimal. This was demonstrated in a study 
(R.H. Christenson, MD; E.V. Staab, MD; H. Burko, MD; et 
al, unpublished data) in 1972 and 1973. Retrograde cathe- 
ter abdominal aortograms were done in 754 consecutive 
patients, most of whom were hypertensive. The purpose of 
the study was to determine whether a compression dress- 
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ing applied to the femoral artery puncture site following 
the procedure was indicated or not. The patients were 
monitored closely for evidence of postarteriographic com- 
plications. For the purposes of this report, it suffices to 
state that the 754 retrograde catheter aortograms re- 
sulted in only one important complication, a femoral ar- 
tery thrombosis that was promptly recognized and cor- 
rected. There was not a single instance of injury 
secondary to contrast medium toxicity. This study indi- 
cates that, in the hands of an experienced angiographer, 
the risk of abdominal aortography is now very small. Nev- 
ertheless, this small risk should not be taken casually. An 
occasional patient may still lose his life or a limb as a 
result of the procedure. All the iodide contrast media, if 
injected in sufficient concentration, can cause tissue ne- 
crosis. However, the currently available media, if used 
properly, are quite safe and yield excellent arteriograms. 
Whereas 20 years ago the most common cause of injury 
was contrast media toxicity, today the greatest risk is 
related to the mechanical aspects of arteriography: the 
needle, catheter, or the injection pressure. Massive cho- 
lesterol emboli secondary to arteriography have received 
little attention and usually go unrecognized. 


WHO SHOULD DO THE ARTERIOGRAMS? 


Who should do the arteriograms, the radiologist or the 
surgeon? If my impression is correct, the vascular radiol- 
ogist is gradually taking over this field; this is certainly so 
in most major medical centers. Most radiology residencies 
provide extensive training in angiography. At the same 
time, most surgical residents are no longer being trained 
to do arteriograms. In the opinion of many of us, this is 
lamentable. Nonetheless, many surgeons still do their own 
arteriography; some by preference and some by necessity 
because they do not have easy access to a skilled vascular 
radiologist. They also make the cogent argument that the 
surgeon knows what he is looking for and knows when ad- 
ditional arteriographic views are needed. Furthermore, 
some radiologists who do arteriography do not take the re- 
sponsibility for explaining the procedure to the patient, 
for having the permit signed, and for observing the pa- 
tient after the procedure. Unless they do take these re- 
sponsibilities, they are exposing themselves to serious 
medicolegal jeopardy. 

With the advent of the vascular radiologist, it became 
possible for the internist and his house staff to request ar- 
teriograms without having a surgical consultation. There 
are pros and cons to this development. Many more pa- 
tients with vascular disease are having arteriographic ex- 
aminations. The internist has also become more aware of 
the merits of arteriography. The net effect of this change 
has been that more patients with vascular lesions are re- 
ceiving appropriate operative treatment. On the other 
hand, some internists often do not request a surgical opin- 
ion after the arteriogram has been done. As a result, 
many patients with vascular lesions of questionable or de- 
batable significance are discharged from the hospital 
without being seen or having their arteriograms reviewed 
by a surgeon who is knowledgeable in this field. These pa- 
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tients clearly need to nave the arteriographie findings as- 
sessed ia conjunction with the findings in their history 
and physical examination. The other bad effect is that, fol- 
lowing the arteriogram, the patient is often returned to a 
medical division or seme other specialty division where 
there may be a delay in the recognition of complications 
such as femoral artery thrombosis. Our vascular radiolo- 
gists do monitor the patien- following an arteriogram and 
have long since elimimated the word “vasospasm” from 
their vocabulary. In my opinion the answer to the question 
as to whe should do arteriography depends on the environ- 
ment. In medica! centers with experienced vascular radiol- 
ogists, it may be more efficient for them to do the studies. 
Under other circumstances, it may be best for the surgeon 
to do the arteriogram 


WHO SHOULD HAVE AN AORTOGRAM? 


Shoulc patienzs wita an obvious aortic aneurysm or an 
obvious Leriche syndrome have an aortogram? There are 
certainly honest differences of opinion on this subject. My 
view is that an aortogam should be done in most such pa- 
tients. A patient with an abdominal aortic aneurysm or 
the Leriche syndrome can usually be operated on success- 
fully wicheut the benefit of an aortogram in most in- 
stances. Hewever, a substantial number of these patients 
have renal celiac, anc/or superior mesenteric artery ste- 
noses. Figure 10 shows an accessory right lower pole renal 
artery originating frem an abdominal aortic aneurysm. 
Such an artery eould 2asily be sacrificed during an oper- 
ation wicheut the surgeon knowing he has divided an ac- 
cessory renal artery. Eowever, armed with the knowledge 
that this artery exists, one can plan to reimplant the ar- 
tery inte tae graft used to replace the aneurysm, as was 
done in -h5 case. Similarly, a patient who has severe oc- 
clusive lesions of the celiac and superior mesenteric ar- 
teries may be cepencent on the inferior mesenteric or 
hypogastric artery as the major source of intestinal blood 
supply. While ore mar be able to make an assessment of 
the impertance of the inferior mesenteric or hypogastric 
artery at tie operating table, it is better to have this in- 
formation n advance. 


THE FUTURE OF ARTERIOGRAPHY 


In conclusion, arteriography has contributed greatly to 
the deve-opment of vascular surgery as we know it today. 
What does the future old? We need even safer and espe- 
cially less noxious contrast media. Not many surgeons rou- 
tinely dc serial follow-up arteriograms in their patients. 
They are hesitant to do such studies, especially in patients 
who are otherwise doing well. Yet the reports of Szilagyi, 
Dean, Emst,°'** and o-hers have demonstrated the impor- 
tance of fcllowup studies. In the present circumstances, 
a less ncxious medium may not be forthcoming as men- 
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tioned earlier; it may be more realistic to prevail on our $ 
colleagues in anesthesiology and clinical pharmacology to — 


provide analgesia that is safe and that, at the same time, 


will eliminate the patient discomfort associated with arte- _ 


riography. 


Jean Cid dos Santos provided a tour of his clinic in September 1973, in- _ 


formation about the work of his father, and photographs of his father, Mo- — 


niz, and himself. 


‘ 


James Meade, Syracuse, NY, provided the photographs of the dos Santos 


Clinic. i 
Figure 9 is reproduced from the Annals of Surgery (149:321-341, 1959). 
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p _ Henry D. Berkowitz, MD, Shantharam Shetty, MB, BS 


= Previous investigators demonstrated marked changes in renal 
= blood flow following infrarenal aortic clamping. More recent reports, 
e's however, have disagreed with these earlier results. 

= The present experiments have confirmed the fact that a major 
res _ shift in total renal blood flow does not occur coincident with aortic 
= Cross clamping. However, a substantial shift in the ratio of cortical to 
= medullary flow does occur. The observation that renal vein renin lev- 
= els were elevated by aortic clamping suggested a causal role of the 
= renin angiotensin system in producing the observed blood flow alter- 
= ations. These hemodynamic changes were blocked by prior adminis- 
kin tration of propranolol hydrochloride, a -adrenergic antagonist that 
= also blocked renal renin release. 


e e previously demonstrated that peripheral renin 
Ng a. levels rose in patients undergoing abdominal aortic 
= surgery.' These elevated renin levels represent aug- 
= mented renin release from the kidneys, probably as a con- 
= sequence of multiple stimuli such as surgical anesthesia, 
= blood loss, aortic cross clamping, and changes in renal he- 
oa modynamics. Since acute renal failure, a complication of 
_ abdominal aortic surgery, is associated with high renin 
_ levels, a more complete understanding of the pathophy- 
= siologic changes that occur with infrarenal aortic cross 


K. clamping should provide a more complete understanding 
= of this syndrome. 

~ Several previous investigators suggested that marked 
a changes in renal blood flow occurred following infrarenal 
Re aortic clamping and this resulted in acute tubular necrosis 
= in canine experiments.’ Subsequent investigations have 
_ disagreed with these earlier reports, and recently Ab- 
-bott and Austen’ suggested that decreased renal cortical 
blood flow occurred following infrarenal aortic clamping. 
eat In the present experiments we particularly wanted to 
study the correlation between changes in total renal blood 
y: 
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- Renin Release and Renal Cortical Ischemia 
Following Aortic Cross Clamping 


flow, intrarenal blood flow, and renin release that might 
occur as a consequence of infrarenal aortic clamping in a 
controlled situation where volume loss was not a factor 
and where all animals underwent the same degree of an- 
esthesia and surgical stress. 


METHODS 


A total of 32 male conditioned mongrel dogs weighing between 
20 and 25 kg (44 and 55 lb) were used in these experiments. All an- 
imals were allowed free access to food and water up to 12 hours 
prior to surgery. The animals were anesthetized with 30 mm/kg 
of pentobarbital sodium. The aorta and the proximal part of the 
renal artery and vein were then exposed through a midline exci- 
sion. Special care was taken to preserve as many of the sympa- 
thetic fibers as possible around the aorta and renal artery. The 
left renal vein was cannulated through the left spermatic vein 
using a fine polyethylene catheter (PE 90). The proximal part of 
the left renal artery was then cannulated with a fine-bore polyvi- 
nyl cannula inserted via a thin-walled 21-gauge needle following 
the method of Herd and Barger.* The left brachial artery was can- 
nulated with a long polyethylene catheter (PE 90), and the cathe- 
ter was threaded into the thoracic aorta. Blood pressure was moni- 
tored with a pressure transducer. 

Total renal blood flow was measured using a square-wave 
electromagnetic flowmeter connected to a 3-mm probe placed on 
the proximal part of the renal artery. The probes were calibrated 
after each experiment with the animals own blood while still con- 
nected to the renal artery. 

Intrarenal blood flow was measured by injecting 100 to 200 mi- 
crocuries of xenon Xe 133 dissolved in saline directly into the renal 
artery. This was followed by a flush of 0.5 ml saline. External 
counting of the radioactive washout from the kidney was mea- 
sured using a scintillation probe with a 5-cm sodium iodide crystal 
placed directly over the left kidney. The output from the probe 
was fed to a digital rate meter and printed on a teletypewriter 
printer. Counts were summated every two seconds for a period of 
ten minutes, Initial counts were approximately 100,000 counts per 
minute. The resulting washout curve was resolved into two compo- 
nents by a graphical analysis using the method of Thorburn et al’ 
and Carriere et al.” Component 1 represented outer cortical flow 
and component 2 represented inner cortical and outer medullary 
flow. No attempt was made to analyze the data for components 3 
and 4. The absolute count rate at ten minutes minus background 
radiation was used to approximate component 3, and the graphical 
analysis technique therefore gave us a two-component curve. The 
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Table 1.—Xenon Xe 133 Washout Data * 
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Table 2.—Xenon Xe 133 Washout Data: Propranolol * 
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360 er; SB 9 0.42 341 i7. Si 12 0.25 341 28 80 14 0.32 
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P <.05 







* Measured in control period befcre propranolol administration, after propranolol administration with aorta clamped for 90 minutes, and af- 
ter propranolcl administration at 150 minutes when aorta had been unclamped for one hour. 


zero time intercepts (A,, A.) and slopes (K,, K.) were determined low the renal arteries. Renin samples were then taken ten, 60, 
for each component and the percentage of counts distributed to and 90 minutes after aortic clamping. At 90 minutes another 
each component (%A,. %A,); the flow rates (F,, F.) were derived xenon Xe 133 washout curve was obtained. The animals were then 
mathematically~'’ The relative mass of kidney perfused by com- killed and the kidneys were weighed. A total of 12 experiments 
ponent 1 was derived from zhe formula M,=m,/(m,+m.,), where were performed where all three xenon Xe 133 washout curves 
m, and m, are the relative vclumes of component 1 and component were suitable for graphical analysis. In addition, 12 experiments 
2, respectively. The values of m, and m, were determined from the were performed where only renal vein renin and total renal blood 
following formulas: m,=A,/K,; m, = A,/K.. flow was determined. 

Renin levels were determined by a bioassay technique after in- In eight additional experiments, propranolol hydrochloride (0.5 
cubating samples with excess hog renin substrate according to the mg/kg) was given after the initial control period and prior to aor- 
method of Goule et al.“ For determination of dog renin, the pH of tic clamping. Sixty minutes after propranolol administration, an- 
the incubation mixture was adjusted from the normal value of 7.4 other xenon Xe 133 washout curve was obtained and then the 
to 6.3 to maximze the reaction velocity of dog renin with hog re- aorta was cross clamped and declamped according to the previous 
nin substrate. Since orly 1 ml of plasma was needed for the assay, protocol. 
blood loss due tə sampling was small. 

After insertim of the appropriate catheters and the external RESULTS 


electromagnetic flow probe, the dogs were allowed to stabilize for 
60 minutes. A total of 1 liter of dextrose and saline was infused 
from the initiation of surgery up to the point of aortic clamping to 


A progressive rise in renal vein renin concentrations oc- 
curred after aortic cross clamping. Substantial elevations 


insure adequete volume expansion. A control blood sample was ob- bit ob ete early as ten minutes postclamping and rose 
tained for renin and control xenon Xe 133 washout curve was ob- in all but five of the 24 experiments to maximum values 
tained. The aorta was zhen clamped with a straight clamp 1 em be- that were measured 90 minutes postclamping (Fig 1). De- 
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Unclamp 


Control 


Renal Vein Renin, ng/ml 


—— ~ 





Minutes 


Fig 1.—Changes in renal vein renin concentration, caused by aor- 
tic clamping and unclamping. 


spite the wide range of control renin values (150 to 1,020 
ng/ml), a significant rise in renin output by the kidneys 
was detected secondary to aortic clamping (P <.01; paired 
t test). Unclamping of the aorta resulted in a prompt drop 
in renin output of the kidneys back to control levels 
(460 + 80 ng/ml) and represented a significant change 
from the mean peak value of (686 + 83 ng/ml) after 90 
minutes of aortic clamping (P <.02; paired t test). 

In 12 experiments where renal blood flow was measured 
by an electromagnetic flow probe, no substantial changes 
occurred with aortic clamping (Fig 2). There was a tend- 
ency for renal blood flow to rise then fall transiently with 
clamping, but these changes were not statistically signifi- 
cant. Blood pressure remained essentially unchanged at a 
control level of 130+ 4 mm Hg, although there was a 
tendency for pressure to increase after 90 minutes of 
clamping, which was not statistically significant. Follow- 
ing release of the aorta, the blood pressure fell and renal 
blood flow actually increased significantly compared to the 
90-minute value (blood pressure, P <.01; renal blood flow, 
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Fig 2.—Renal blood flow measured by electromagnetic flowmeter 


and blood pressure recording from thoracic aorta during aortic 
clamping and unclamping. 


è Control r=.69; P<.02 
oClamp r=.62; P<.05 
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200 400 600 800 


Renal Vein Renin, ng/mi 


Fig 3.—Change in component 1 flow versus renal vein renin con- 
centrations during control and clamped periods. There is strong 
negative correlation between these two variables. 


1,000 1,200 1,400 


P <.05), the greatest changes being recorded at 150 mim- 
utes (renal blood flow, 233 ml/min; blood pressure, 114 mm 
Hg). 

The results of the xenon Xe 133 washout curves are 
shown in Table 1. The actual perfusion rate of component 
1, F,, did not change substantially with aortic clamping, 
but component 2 flow, F,, did increase substantially, indi- 
cating medullary flow was increased. The failure to ob- 
serve a substantial change in F, may have been related to 
the fact that it was so strongly influenced by the renin 
levels during control as well as aorta-clamped periods (Fig 
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Unclamp 


272 + 89 
P <.05 


Renal Vein Renin. na/mi 


Minutes 


“ig 4.—Renal vein renin concentration during aortic clamping and 


unclamping acter treatment with propranolol. 


3). When F, was plottec azainst renal vein renin levels, a 
strong corre ation is seen between the two variables. The 
correlation @efficients, ”, are significant at the .02 and .05 
levels for the control and clamped periods, respectively. 
Changes secendary to aertic clamping may therefore have 
been obscured by the wade variation in control F, levels. 

After 90 minutes of eortic clamping, the percentage of 
flaw initially distributed to component %A,, showed a 
small but significant deerease, 86% to 80% (P <.01) and the 
distribution to component 2, %A,; increased 9% to 16% 
(P<.05). This represented a 77% increase in flow distribu- 
tian to component 2. This was accompanied by a 40% in- 
crease in theactual flow raze to component 2 (P <.02) from 
38 to 53 ml/min/100 gm. Since component 1 represents 
outer cortex and comporent 2 represents inner cortex and 
outer medulla, aor-ic clamping resulted in a redistribution 
of blood from the cortex to medulla without changing 
overall renal blood flow. This was indicated by the signifi- 
cant drop in the relative mass of the kidney perfused by 
component 1, M,, which initially was .58 and dropped to .48 
(P <02). On declamping the aorta, although total renal 
blood flew increased (Fig 2), the factors measured by 
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xenon Xe 133 washout remained essentially unchanged 
from the clamped values up to one hour postclamping. 


Propranolol was given to eight animals following a con- A 
trol period where a standard xenon Xe 133 washout curve 
was obtained. Six animals had satisfactory xenon Xe 133 


% 
d 


washout curves to allow our analysis of the effects of aor- í 


tic clamping and declamping. Propranolol markedly re- 


duced the renin output from the kidneys. Four out of the 


eight animals showed a drop in renin levels with clamping 
while the other four animals showed a rise, only one of- 
which equalled the mean rise of 190 ng/ml obtained in the | 


nontreated animal experiments (Fig 4). 


The blood pressure changes were identical to the non- — 


treated animals, but the average pressure measurements | 


were 10 mm Hg lower. Since propranolol is a -adrenergic — 


antagonist, it was not surprising to find that cardiac rate 


was slowed after administration of the drug. Despite the | 
slower pulse rate (150 to 120 beats per minute), the pres- | 


sure drop observed during declamping in the propranolol- 
treated animals was no greater than the changes observed 
in the nontreated animals. 


The xenon Xe 133 washout data obtained in the pro- 


pranolol-treated animals (Table 2) indicated that pro- | 


pranolol completely prevented the alterations observed in 
cortical flow secondary to aortic clamping. The only impor- 


tant change that was seen in these experiments was a sig- ; 


nificant drop from the clamped to declamped values of 
component 1 flow rate, F,. This value dropped from 332 to 
287 ml/min/100 gm and was significant at the P <.05 
level. Despite this drop in flow rate to component 1, no 
changes occurred in %A, or M.. 


COMMENT 


These experiments have demonstrated that total renal 
blood flow remained unchanged during aortic clamping 
and declamping but that a substantial redistribution of 
flow from cortex to medulla occurred. The relative stabil- 
ity of total renal blood flow, which we observed, also has 
been reported by others‘ although several elder experi- 
ments had demonstrated large reductions in renal blood 
flow* as well as the development of acute tubular necro- 
sis.** Nanson and Noble’ were the first to suggest that 


cortical flow might be decreased in the face of a stable to- 


tal renal blood flow based on failure of injected India ink 


to stain the renal cortex during aortic clamping experi- — 


ments. Recently, Abbott and Austen’ measured signifi- 
cantly decreased cortical flow using xenon Xe 133 washout 
techniques; however, the results could be criticized because 
of the relatively poor cortical perfusion observed even be- 
fore aortic clamping had occurred. 

The present data confirmed our previous observations of 
renin release in patients undergoing aortic surgery.’ In 
those studies, peripheral renin levels rose 100% but it was 
not clear that this was related to aortic clamping, anesthe- 
sia, or volume changes. The present experimental model 
allowed us to concentrate on the events surrounding aortic 
clamping by serially measuring renal vein renin levels 
over a relatively short period of time during and after aor- 
tic clamping. The release of vasoactive substance, such as 
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renin, secondary to aortic clamping is an attractive hy- 
pothesis to explain many previous experimental results. 
These reports indicated that the changes observed in renal 
blood flow or renal function following aortic clamping 
could be prevented by either local or systemic sympathetic 
blockade.?*:'* It is well known that renin release from the 
kidney is augmented, but not completely controlled, by the 
sympathetic nervous system, and therefore sympathetic 
blockade may have been actually blocking renin release in 
those experiments. 

In the present work, propranolol, a B-adrenergic antag- 
onist, inhibited renin release following aortic clamping 
and prevented the changes in intrarenal blood flow from 
occurring. Propranolol is a known inhibitor of renin re- 
lease, but whether it acts at an intrarenal or extrarenal 
site is still a subject for debate. The strongest evidence 
suggests that it has an intrarenal site of action.’ In the 
present experiments, no observed hemodynamic changes 
occurred, except for a slowing of the pulse rate, which 
could have been interpreted as an extrarenal stimulus for 
decreased renin release. It is interesting that isoprotere- 
nol hydrochloride, a £-stimulator, produces increased re- 
nin release by the kidney when injected directly into the 
renal artery,“ again supporting the presence of intrarenal 
f-receptor sites. 

Since high peripheral renin levels are found in acute 
tubular necrosis, activation of the renin-angiotensin axis 
during aortic clamping may play an important role in the 
pathogenesis of this renal failure by first producing a rela- 
tive cortical ischemia. Hermeck et al’? have demonstrated 
that substantial protection against acute tubular necrosis 
was provided by a combination of propranolol and manni- 
tol administration to dogs prior to the induction of renal 
failure by clamping the renal pedicle for 90 minutes. Al- 
though renin levels were not measured in these experi- 
ments, it is reasonable to theorize that both mannitol and 
propranolol summated to decrease renin release and 
thereby afforded protections for the kidneys. 

While it is attractive to consider giving propranolol in- 
traoperatively to protect against acute renal failure dur- 
ing aortic surgery, caution must be exercised because of 
the potential complication of hypotension on declamping 
of the aorta due to failure of the heart to respond to nor- 
mal f-adrenergic stimulation. Although the blood pres- 





sure drop in the propranolol-treated animals was no 
greater than in the untreated animals, it should be noted 
that component 1 flow decreased substantially after un- 
clamping the aorta, although no substantial shift in in- 
trarenal flow was observed. 


This investigation was supported by National Institutes of Health grants 
HL10416-07 and HL10416-08. 


Nonproprietary Name and 
Trademark of Drug 
Propranolol hydrochloride—Jnderal. 
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DISCUSSION 


GEZA DETAKATS, MD, Evanston, Ill: This, I believe, is a highly 
significant contribution and, in reading the abstract, I was re- 
minded of some experimental work that my associates and I did in 
the middle 1950s. We were trying to produce experimental renal 
hypertension, but not with the Goldblatt clamp but by injecting a 
sclerosing solution into one kidney and doing a nephrectomy on 
the other side. 

We found that no matter how we varied the concentration of 
the solution and the dosage, these dogs invariably became not only 
hypertensive but uremic and it was impossible to produce a model 
-` of chronic hypertension. 

One of our pathologists, Dr. Pirani, who examined a lot of the 
renal biopsy specimens that we did then doing sympathectomies 
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for hypertension, pointed out to me that there was a tremendous 
afferent arteriolar constriction in some of the slides that he re- 
ceived. It was he who suggested that we infiltrate the renal ped- 
icle with procaine hydrochloride (Novocain). 

Thus we were able to produce a chronic model of experimental 
hypertension where the blood pressure went up but the blood urea 
nitrogen value remained normal or close to normal. 

Of course, at the time we speculated about renal rise of vaso- 
constriction; the so-called Trueta shunt was still unknown, the 
shunt from cortex to medulla, that Dr. Berkowitz referred to, and 
it is only in the last few years that it became obvious to us what 
we were really doing: we were blocking renin release by infil- 
trating the pedicle. 
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The real reason I rose is to state that if you wanted to inhibit 
renin release when you clamp the aorta below the renal vessels, it 
would be-far better to infiltrate tae renal pedicles than to give the 
patient propranolol tecause, as Dr. Berkowitz pointed out, you not 
only get hyvotensior afterward but you also inhibit cardiac con- 
tractility. 

I am sure that he did not mean to imply that propranolol was 
the only ene to inhibit renal release when we have a much simpler 
method. ne of our members, Sem Powers, MD, advocated long 
ago that every time the aorta is clamped below the renal vessels 
the renal pedide is infiltrated. 

WaLaĮm Apgott, MD, Boston: I rise to compliment Dr. Ber- 
kowitz ona very fine piece of work. Any of you who have ever had 
any experience with the xenor Xe 133 washout technique in the 
measurement of renal blood ficw distribution will appreciate just 
how well he has done this work. 

As he alluded to, in 1972 we reported on the use of the xenon Xe 
133 washout technique in the infrarenal aortic occlusion model 
with results very similar tc those just presented, which were a 
marked fall in che component 1 cortical flow fraction within five 
minutes after the ocdusion, which was cumulative and progres- 
sive with time ap to 180 minutes and which did not revert back 
toward normal 2ven efter termination of the aortic occlusion. 

As he also tole you, we demonstrated that there was no substan- 
zial change in the tota. renal blood flow in spite of this renal corti- 
sal ischemia. 

We subsequently observed that this renal cortical ischemia 
could be totally eliminated sy a eonstant infusion of mannitol. 
And I think that. therefore, we now have not only one way but two 
ways of eliminating this effect. 

However, it is very imporzant to emphasize that these effects 
re only one factor in what are probably multiple ones involved in 
the cause of ecute renal insufficiency following aortic surgery. 

I have long been a fan of Dr. Berkowitz’s work and I am very 
[leased that he aas been able to do something that we were not 
quitesable to do, that is expla:n these findings. I would only like to 
25k him how the results after mannitol infusion may fit into his 
taeory. 

R. CLEMENT Darinc, MD, Boston: I have enjoyed this paper 
and appreciate, as do other vascular surgeons, the problem of re- 
nal failure that occasionally follows aortic cross clamping or tem- 
porary renal artery interruption. With the advice of Dr. Cosimi of 
oar transplantation group, and with the help of my former vascu- 
lar fellow at the Massachusetts General Hospital, Clifford J. Buck- 
ley, MD, we heve tried to select those patients undergoing aortic 
or renal.artery surgery who are most likely to develop acute renal 
insufficiency. In chese patients prior to aortic or renal artery 
clamping, we have instilled imto each renal artery using a #12 
French catheter approx mately 300 ml of the following perfusate. 
This is prepared by mixing 18 gm of mannitol into 1 liter of chilled 
lactated Ringer selutior, whica is placed in a saline slush and is 
approximately 3 ©. The solution is therefore slightly hypertonic 
wath an osmolality of 342, which may help prevent swelling of the 
ischemic renal parenchyma. Twenty milligrams of heparin sodium 
is also added te prevent cotting and 500 mg of methyl- 
prednisolonesodium suceinate Solu-medrol) is also used, for what 
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it is worth, in order to provide lysozyme stabilization. 

Of 12 patients of mine who were observed for acute renal prob- 
lems postoperatively, two were over the age of 80 with large 
symptomatic aortic aneurysms and advanced but stable renal in- 
sufficiency. In both of these patients, creatinine clearance levels 
that were markedly depressed preoperatively were completely un- 
changed after operation. In five other patients in whom aortic re- 
section and bilateral renal artery resection and grafting were car- 
ried out with occlusion times varying between 15 minutes and two 
hours, in no instance was there any elevation in the serum creati- 
nine value postoperatively. In addition, three patients who had 
aortic aneurysms involving single renal arteries and two others 
who had large thorocoabdominal aneurysms, the usual early bump 
in the creatinine or the expected transient deterioration of renal 
function was not found. In view of my early experience, therefore, 
I believe that this renal perfusate is protective during limited pe- 
riods of renal ischemia and I recommend it to you. 

Dr. Berkowitz: Dr. deTakats, thank you for your remarks. I 
think that the interrelationship between the sympathetic nervous 
system and renin release is a very real one and, although renin re- 
lease goes along independently of any sympathetic innervation, 
they do certainly summate with one another. 

It is interesting that in many of the experiments, including the 
ones you quoted of Powers et al(Suwrgery 42:156, 1957), ameliora- 
tion of vasoconstriction occurred with local infiltration of the renal 
pedicle as well as systemic trimethaphan camsylate (Arfonad), 
which is a sympathetic blocker. 

I had hoped that I would be able to repeat some of these experi- 
ments, but I did not have time. I really do think that renin release 
was being blocked in all those experiments, as you suggested, and 
I think this may have explained why they were able to block some 
of the renal functional changes that they had initially seen during 
aortic clamping. 

I do agree that perhaps local infiltration of the renal pedicle, or 
some other modality such as Dr. Abbott has suggested with the 
use of mannitol, might be a better way to block renin release then 
using propranolol. Mannitol certainly does block renin release. It 
probably does it by some mild volume expansion but also probably 
because it is a natriuretic agent; most natriuretic agents increase 
the distal sodium concentration at the macula densa, then turn off 
the renin angiotension mechanism. I think mannitol fits in very 
nicely with the present work in that it does inhibit renin and may 
help to explain the beneficial results of mannitol in acute renal 
failure. 

There is a recent article by Hermeck et al (Surg Forum 24:25, 
1973) where acute tubular necrosis in dogs was produced by clamp- 
ing the renal pedicle for various periods of time, and it was inter- 
esting that they could ameliorate the acute tubular necrosis that 
was caused by that maneuver by giving mannitol, but the combi- 
nation of mannitol and propranolol was even better. 

So, I think there is some reason to believe that by turning off 
the renin-angiotensin mechanism you may be able to ameliorate 
postoperative acute tubular necrosis. 

Dr. Darling, your solution is very interesting and I am certainly 


going to try it. 
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Open Heart Surgery in Patients With 


Inherited Hemoglobinopathies, 


Red Cell Dyscrasias, and Coagulopathies 


Marc R. deLeval, MD; Howard F. Taswell, MD; 
E. J. Walter Bowie, MD; Gordon K. Danielson, MD 


Eleven patients with inherited hemoglobinopathies, red cell dys- 
crasias, or coagulopathies underwent open heart surgery with no 
deaths and no evident complications resulting from the hematologic 
defects. Analysis of the various defects led to recommendation of 
precautions appropriate to each condition. Thalassemia minor and el- 
liptocytosis require few precautions. Sickle cell trait should be tested 
for in black patients and hypoxia and acidosis carefully avoided. Glu- 
cose-6-phosphate dehydrogenase deficiency should be tested for in 
blacks, and drugs that precipitate hemolytic crises avoided. In hered- 
itary spherocytosis, splenectomy is to be recommended before oper- 
ation and prosthetic valves avoided. For von Willebrand disease, 
careful testing of patients with a history of bleeding is recom- 
mended, cryoprecipitates given when the diagnosis is made, and cer- 
tain drugs avoided. 


leterious effects of extracorporeal circulation on 

blood components leading to hemolysis or excessive 
bleeding remain significant. These problems may be ac- 
centuated by various preexistent hematologic abnormal- 
ities. Among them, inherited hemoglobinopathies, red cell 
dyscrasias, and coagulopathies are occasionally encoun- 
tered by the cardiac surgeon. It is, therefore, of impor- 
tance to know how these different abnormalities can af- 
fect the surgical treatment of cardiac diseases. 


CLINICAL MATERIAL 


In a series of over 10,000 patients who underwent open heart 
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surgery at the Mayo Clinic, the following inherited hematologie 
abnormalities were found: thalassemia minor, sickle cell trait, glu- 
cose-6-phosphate dehydrogenase deficiency, hereditary spherocy- 
tosis, hereditary elliptocytosis, and von Willebrand disease. Tech- 
niques of cardiopulmonary bypass were similar for all patients. A 
Mayo-Gibbon or disposable bubble oxygenator was used. Blood 
preserved in acid-dextrose citrate solution and a balanced salt so- 
lution of diluent were employed to prime the extracorporeal cir- 
cuit. Hemodilution was planned so that the hematocrit reading of 
the mixed blood volume of patients and pump oxygenator was 
about 30%. The arterial inflow to the patient was maintained at 2.0 
to 2.4 liters/min/sq m. Mild to moderate hypothermia was often 
used. Coronary arteries were perfused during aortic valve replace- 
ment, and the aorta was intermittently cross clamped when a re- 
laxed heart was needed in other cases. 


Thalassemia Minor 


Three patients with f-thalassemia minor were operated on. 
Their data are summarized in Table 1. All had a moderate degree 
of anemia prior to operation and an elevated level of hemoglobin 
A, as demonstrated by hemoglobin electrophoresis. Plasma hemo- 
globin after bypass remained within the normal limits (<40 
mg/100 ml). The patients who had a Starr-Edwards valve replace- 
ment (model 6120) had higher hemoglobin levels one to four years 
after operation than preoperatively, but they both developed sys- 
temic emboli postoperatively in spite of good anticoagulation. One 
of these two patients underwent reoperatioit because of repeated 
emboli, but at reoperation there was no intra-atrial or valve 
thrombus. A rim of fibrin and platelets was deposited on the pros- 
thetic ring. 


Sickle Cell Trait 


The data on two patients who had a sickle cell trait are summa- 
rized in Table 1. Patient 4 had a calcified aortic stenosis with a his- 
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tery of multiple calcium emboli prior to operation. Patient 5 had a 
severe tetralogy of Fallot and frequent anoxic spells, but no sick- 
ling crises. On the tenth postoperative day, hemoglobin S was only 
10% as a result of the diluticn by transfused blood. Both patients 
had an uneventful postoperative course. During and after oper- 
ation, greet attention was paid to avoid any episode of hypoxemia 
and acidosis. and arterial blood gas levels were checked fre- 
quently. No evidence of sickling or increased hemolysis was ob- 
served. 


Glucose-6-Phosphate Dehydrogenase Deficiency 


Patient 6 was moderately anemic (Table 1). The anemia was 
probably neleted to aspirin ingestion. A Starr-Edwards (model 
1260) pros-hetie va_ve was inserted in the aortic position. Drugs 
known to indace hemolysis in glucose-6-phosphate dehydrogenase 
deficient patents were carefully avoided. His course was un- 
eventful. 


Hereditary Spherocytosis 


Patient 7, who was found to have hereditary spherocytosis and 
a moderate dgree of anemia, underwent a splenectomy in 1968. 
In 1970, she anderwent replacement of her mitral and tricuspid 
valves by Breunwa d-Cutter prosthetic valves (Table 1). She was 
not anemic a- the time of operation, and there was no evidence 
of increased 1emolysis due to mechanical trauma in the extra- 
corporeal arcuit during operation, or afterward, due to the pros- 
theses. 


Hered tary Elliptocytosis 


Two patents hac a diagnosis of elliptocytosis made by blood 
smear examination (Table 1). One had a moderate degree of ane- 
mia. The hematologic abnorma ity did not interfere with oper- 
ation, but he had one episode of cerebral embolism postoperatively 
while receiving anticoagulants. 


Von Willebrand Disease 


Among all of our patients who had a history of bleeding ten- 
deneies prier ~o open heart surgery, only two were admitted with 
the elassic feacures ef von Willebrand disease (Table 2). Patient 10 
had a history ef prolonged oozing after minor cuts, gingival bleed- 
ings, and a massive bleeding after a dental extraction. He under- 
went aortic valve redlacement with a Starr-Edwards (model 2320) 
prosthesis in W69. He received 2 units of fresh frozen plasma pre- 
operatively and 4 units of fresh frozen plasma and 2 units of 
platelet concentrate after extracorporeal circulation. Postopera- 
tive bleeding was net excessive. He was started on a regimen of 
chronic anticoagulation (warfarin sodium [Coumadin]) without in- 
crease in the bleeding tendency. 

Patient 11 had a family history of bleeding tendencies and idio- 
pathic hypertrophic subaortic stenosis. He, himself, had no con- 
vincing history of bleeding tendency, but a diagnosis of von Wil- 
lebrand disease had been made on laboratory findings. He had 
undergone epen heart surgery elsewhere in 1970 without event for 
the idiopathic 1ypertrophic subdaortic stenosis and had been given 
cryoprecipitate posteperatively. He was seen at the Mayo Clinic 
for a recurrenee of Fis heart symptoms and was reoperated on in 
March 1974. Oer labcratory data (Table 2) confirmed the diagnosis 
of von Willebrand disease, and he received 10 units of cryoprecipi- 
tate prior te operatien and 3 units of fresh frozen plasma at the 
completion əf sardiooulmonary bypass. The postoperative course 
was uneven-ful. 
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COMMENT 
Thalassemia Minor 


In North America, thalassemia is found mainly in the — 
Italian and Greek immigrant population. However, the 
condition has been reported periodically in practically ev- — 
ery ethnic group. The diagnosis is based on the extreme 
variation in size and shape of the red cells with many tear- — 
drop, oval, and target forms, on the decreased osmotic fra- — 
gility of the erythrocyte, and chiefly on the hemoglobin — 
electrophoresis. Our three patients exhibited the main — 
diagnostic feature of £-thalassemia minor: elevated val- — 
ues of hemoglobin A,.'! Thalassemia major (homozygous | 
state) is usually fatal in childhood, and it is therefore un- 
likely that such patients will appear as candidates for 
open heart surgery. 

The mechanical fragility of the red cells has been re- | 
ported to be normal.’ Therefore, the trauma induced by — 
the heart-lung machine or prosthetic valve should theoret- 
ically not be a problem. That was confirmed in our pa- 
tients in whom the degree of anemia did not increase one 
and four years after operation in the two patients who un- 
derwent a valvular replacement. Repeated embolic epi- 
sodes in those two patients, despite adequate anti- 
coagulation, is of concern. However, there is no evidence 
that these episodes were related to the thalassemia syn- 
drome. In treating these patients, one should remember 
that their anemia is not responsive to any known therapy 
and no special precautions are necessary during cardiac 


surgery. 
Sickle Cell Trait 


In North America, hemoglobin S is present in 8% to 11% 
of black patients.’ Only 0.2% have the anemia (homo- 
zygous) form of the disease. Erythrocytes from a patient 
with sickle cell trait usually contain 20% to 40% of hemo- 
globin S, the remainder being normal adult hemoglobin.’ 
Erythrocytes from patients with sickle cell anemia con- | 
tain approximately 80% to 100% of hemoglobin S.° De- 
creased oxygen tension induces the sickling of erythro- — 
cytes, which increases the viscosity of the blood. Sickling 
is enhanced by acidosis, and the viscosity of sickle cell 
blood is increased at cool temperature more than normal 
blood.’ With the increase in viscosity of the whole blood 
and the formation of sickle cell thrombi, a vicious cycle is 
initiated in which the factors of stasis, lowered pH, and 
continuing oxygen uptake combine to augment the num- 
ber of sickled cells and prolong the stasis. 

The cells in sickle cell anemia begin to show sickling 
shape changes with the oxygen saturation of the hemoglo- 
bin in the range of 60% to 90%. In contrast to this, cells in 
the trait begin to sickle only at 30% to 50% oxygen satura- 
tion. Trait erythrocytes are also more resistant to changes 
in pH than erythrocytes in the homozygous form.‘ There- 
fore, sickle cell trait under normal conditions produces few 
symptoms but it is a potential threat to the successful 
management of patients undergoing procedures that ex- 
pose them to low oxygen tension, hypothermia, and acid- 
base abnormalities. These conditions may obviously be en- 
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= countered in open heart surgery, as shown in a report by 
_ Leachman et al, of a patient who developed multiple in- 
_ farctions due to sickle cell thrombi after aortic valve re- 


placement. 
Thus far, only a few other cases of open heart surgery 


in patients with sickle cell trait or anemia have been re- 


ported. The main factors are to avoid inadequate oxy- 


_ genation, hypoperfusion, and acidosis during and after op- 
eration since they may serve as the trigger mechanism of 
_ the initiation of the vicious cycle described above. Should 
sickling occur during an operation, hemolysis from the ex- 


tracorporeal circulation may become a serious problem 
since the mechanical fragility of the sickled erythrocyte is 
increased. 

Reduction of the level of hemoglobin S preoperatively 


= by the administration of hemoglobin A blood has been ad- 
= vocated*"’ to decrease the possibility of sickling phenom- 
_ enon during surgical procedures and immediately postop- 

=~ eratively. It would not appear necessary, however, to 


perform an exchange transfusion of blood prior to extra- 
corporeal circulation in cases of sickle cell trait since the 
patient’s blood becomes mixed with hemoglobin A donor 
blood used in priming the extracorporeal circuit and thus 
decreases the risk of complications arising from the sick- 
ling phenomenon. The dilutional phenomenon is illus- 


= trated in patient 5 in whom hemoglobin S was 41% preop- 


eratively and only 10% postoperatively. 
On a theoretical basis, one should consider avoiding lo- 
calized blood stasis in the myocardium. For example, while 


sa the aorta is cross clamped the oxygen tension can drop to" 
= very low levels that may precipitate sickling. Prolonged 
= periods of anoxic arrest should probably be avoided more 


vigorously in these patients than in normal individuals. 


_ Prosthetic valves should be avoided if possible in cases of 
a _ sickle cell anemia since sickling changes may take place in 


the range of physiologic oxygen tension. 
Glucose-6-Phosphate Dehydrogenase Deficiency 


Glucose-6-phosphate dehydrogenase deficiency has a 


| widespread racial and geographic distribution. The sex- 


linked defect is fully expressed in the homozygous male 
and variable in degree in the heterozygous female. Nearly 
3,000,000 Americans carry the glucose-6-phosphate dehy- 
drogenase deficiency trait. In the United States the trait 
is particularly prevalent among blacks (about 10% of black 
American men have this deficiency). The glucose-6-phos- 


phate dehydrogenase deficient white has a lower level of 


glucose-6-phosphate dehydrogenase and is susceptible to 
more severe hemolytic episodes with the same hemolytic 
challenge. Diagnosis of glucose-6-phosphate dehydrogen- 
ase deficiency is based on abnormal fluorescence test re- 
sults.’ Specific quantitative assay procedures are also 
available.’ 

Hemolysis of erythrocytes deficient in glucose-6-phos- 
phate dehydrogenase is triggered by the administration 
of certain drugs, some commonly used by surgeons. Over 
40 drugs are known to induce accelerated hemolysis in 
sensitive individuals. The most commonly incriminated 
drugs used by the cardiac surgeon are (1) antipyretics and 
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analgesics (aspirin, phenacetin [Acetophenetidin]), (2) an- 
tiarrhythmics (quinidine), (3) menadiol sodium diphos- 
phate (vitamin K analogue), and (4) antibacterials (chlo- 
ramphenicol, sulfonamides, nitrofurans). There is a 
marked variability in the degree of hemolysis that occurs 
after administration of one of these drugs. The hemolysis 
may be sufficiently severe to endanger the life of the indi- 
vidual and require blood transfusion. Erythrocytes show a 
normal mechanical fragility and slightly decreased os- 
motic fragility.” Therefore, mechanical trauma related to 
open heart surgery and to the introduction of prosthetic 
valves in the circulation should not be greater than in the 
normal population. 


Hereditary Spherocytosis 


‘Hereditary spherocytosis is a relatively common he- 
molytic disorder found in all races, most commonly in 
whites. It may become manifest at any age, but roughly 
half of the cases are first detected in children and the 
other half in adolescents and young adults. The main fea- 
ture is a defect of the erythrocyte membrane character- 
ized by excessive leakiness in regard to sodium influx. This 
results in the formation of spheroidal cells (spherocytes) 
that have a shortened survival and an increased osmotic 
and mechanical fragility. Splenectomy usually results in a 
full clinical remission and.a substantial increase in the 
survival of the erythrocytes.'* However, the increased os- 
motic and mechanical fragility persists throughout life.” 
Acute injury to the blood cells during cardiopulmonary by- 
pass and the chronic mechanical trauma related to the 
presence of prosthetic valve in the circulation must there- 
fore be considered. 

Because red cell survival returns to nearly normal val- 
ues after splenectomy, patients with hereditary spherocy- 
tosis should have splenectomy prior to cardiac surgery 
whenever possible. Our patient had undergone splenec- 
tomy three years prior to mitral and tricuspid valve re- 
placement with Braunwald-Cutter prostheses. The level of 
plasma hemoglobin after 100 minutes of extracorporeal 
circulation was low and not higher than usually found. He- 
moglobin levels remained stable postoperatively and were 
normal at subsequent evaluations. Although she did not 
develop any sign of hemolysis, the use of biologic instead 
of prosthetic valves might be indicated in these patients 
who require valve replacement. 


Hereditary Elliptocytosis 


Hereditary elliptocytosis is a familial condition that 
may or may not be accompanied by hemolysis. Signs of 
overt hemolysis are found in a small minority of cases 
only. The anomaly is not associated with the presence of 
an abnormal hemoglobin, and the mechanism of the ellip- 
tocyte formation is not known. Studies on osmotic fra- 
gility have given variable results and only a few obser- 
vations have been made on mechanical fragility. The 
presence of elliptocytosis should not affect the conduct of 
cardiac surgery. When hemolytic activity is obvious and 
marked anemia and decompensation occur, splenectomy is 
the treatment of choice.'® 
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Table 1.—Patient Data 


Race or 
Nationality 


Vietnamese 


Operation* 
Repair VSD & 
PS 
SE mitral 
valve re- 
placement 
SE mitral 
valve re- 
placement 
Sickel cell Black American Aortic valve 
trait replacement 
with 
homograft 
Repair of 
tetralogy 
of Fallot 
SE aortic 
valve re- 
placement 


Italian 


Izalian 


Black American 


Glucose-6- Black American 
phosphate 
dehydrogenase 


deficiency 


Mitral & 
tricuspid 
valve re- 
placement; 
BC prosthe- 
sis 

SE mitral 
valve re- 
placement 

SE mitral & 
tricuspid 
valve re- 
placement 


French 


White 


Scandinavian 


7.4% hemoglobin A, 9.3 <40 11.9 


7.3% hemoglobin A, 9.6 <40 10.2 


Marked ; 12.9 


Pre- Last 
operative bypass Folow-Up 
Hemo- Hemo- Hemo- Post- 
globin, globin, globin, operative 


Diagnostic 
gm/dl mg/dl gm/dl Course 


Tests 


65% hemoglobin A, 9.2 <40 12.6 Well 


Systemic 
emboli 


Systemic 
emboli 


41% hemoglobin S . : Well 


41% hemoglobin S 


Glucose-6-phosphate 


dehydrogenase 
test posi- 

tive; glucose-6- 
phosphate 
dehydrogenase 
activity 
decreased 


Microsphero- 


cytes; in- 
creased os- 
motic 
fragility 


Cerebral 


elliptocytosis emboli 


Marked ; Well 


elliptocytosis 





* Ventricular septal defect, VSD; pulmonary stenosis, PS; Starr-Edwards prosthetic valve, SE; Braunwald-Cutter prosthetic walve, BC. 


Table 2.—Von Willebrand Disease 


eS a Se ae ee aes el a ee ag 
Laboratory Data* Patient 10 Patient 11 


Bleeding time (Duke), 
min (1 te 5 min) 28 
Bleeding time (Ivy), nin 
(1 to 6 min) 14144 
Ptatelet count, 
No./cu mm (130,300/ 
cu mm t> 370,000/cu mm) 
Ptatelet aggregation 
(ristocet n) 
Ptatelet retention, % 
(70%) 
Factor VIII, % (54% to 
146%) 


Factor Vill-related antigen, % 


Ristocetin-von WilleErand 
factor, % (80%) 


* Normal values shcwn in parentheses. 


107,000 150,000 


Reduced 


Von WilEbrand Disease 


Von Willebrand disease is characterized by an inherited 
bleeding tendency end may exist in both sexes. The mild 
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forms may not be manifested as a distinct bleeding dia- 
thesis unless unusual trauma such as surgery is super- 
imposed. Bleeding tends to be superficial (nasopharynx, 
skin, and intestine mucosa), whereas bleeding in hemo- 
philia occurs also in deep tissues such as joints and mus- 
cles. Classic criteria for the diagnosis of von Willebrand 
disease are prolonged bleeding time, impaired platelet re- 
tention, decreased concentration of factor VIII com- 
mensurate with the level of factor VIII-related antigen, 
and decreased ristocetin-von Willebrand factor. There is 
an increase in plasma concentration of factor VIII higher 
than expected from the amount of factor VIII infused af- 
ter transfusion of normal or hemophilic plasma or serum. 
It is becoming clear that von Willebrand disease is a spec- 
trum“ and a variety of types have been described." It 
has been recently demonstrated that ristocetin (known to 
aggregate normal platelets) fails to cause platelet aggre- 
gation in von Willebrand disease. This attribute of ris- 
tocetin is currently being investigated and appears to be 
helpful in making the diagnosis, although ristocetin ag- 
gregation may be abnormal in patients with certain plate- 
let disorders. Once the diagnosis is established, the 
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patients should be treated by the preoperative and postop- 
erative administration of cryoprecipitate. Actually, dur- 
ing operation, the blood used to prime the extracorporeal 
circuit should suffice to correct the abnormality. Drugs 
that increase the bleeding time or impair the platelet 
function such as aspirin are contraindicated in patients 
having von Willebrand disease. If necessary, antico- 
agulants may be used with caution in patients with a mild 
degree of von Willebrand disease. 


CONCLUSION 


Eleven patients who had inherited hemoglobinopathies, 
red cell dyscrasias, or coagulopathies and who underwent 
open heart surgery are reported. There were no early or 
late deaths and no evident complications resulting from 
the hematologic defects. Thalassemia minor and elliptocy- 
tosis should not produce any problems during cardiac sur- 
gery. Attention should be paid to sickle cell trait, glucose- 
6-phosphate dehydrogenase deficiency, spherocytosis, and 


= yon Willebrand disease. 


We suggest the following guidelines: (1) Screening tests 
for sickle cell trait and glucose-6-phosphate dehy- 
drogenase deficiency should be performed in all black pa- 
tients prior to operation. (2) In the presence of sickle cell 
trait, it is of major importance to avoid any episode of hy- 
poxia or acidosis. Intracardiac prosthetic valves should 
probably be avoided whenever possible. (3) Patients with 
glucose-6-phosphate dehydrogenase deficiency should not 
receive drugs that induce hemolytic crises. (4) Splenec- 
tomy should be performed prior to cardiac surgery in cases 
of spherocytosis, and prosthetic valves should also be 
avoided whenever possible since the mechanical fragility 
of spherocytes is increased. (5) Coagulation studies should 
be performed on all patients reporting bleeding ten- 
dencies. If a diagnosis of von Willebrand disease is made, 
the patient should receive cryoprecipitate preoperatively 
and following the operation. Drugs that impair the bleed- 
ing time and platelet function should be avoided in these 
patients. 
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DISCUSSION 


Dr. DANIELSON: We realize that we have probably missed a 
number of the sickle cell trait and glucose-6-phosphate dehy- 
drogenase deficiencies because we did not routinely screen pa- 
tients, and, as was mentioned, this is now being done. 

We believe that in some of these anomalies where the mechani- 
cal fragility is increased, one should consider a biologic type valve 


rather than a mechanical prosthesis, as the latter may result in in- . 


creased hemolysis and anemia. 
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We believe that coagulation studies should be performed on all 
patients who report bleeding tendencies. Although the yield of pa- 
tients with von Willebrand disease will be low, it is important that 
such patients receive cryoprecipitate before and after operation. 

As mentioned, these patients all survived surgery without com- 
plications, and this should be possible in all of the anomalies men- 
tioned by attention to the principles outlined. 
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Emergency Infarctectomy and 
Closure of Ruptured Interventricular Septum 


Dunean A. Killen, MD; David R. McConahay, MD; James E. Crockett, MD; 


Wiliam A. Reed, MD; Ben D. McCallister, MD; Hubert H. Bell, MD 


Emergency surgical closum of a ruptured interventricular septum 
(RIVS) combined with infarcectomy was performed within 12 days 
following an acute anteroseptal myocardial infarction in five pa- 
tients. All patients had rapidly developed progressive left heart fail- 
ure and shock. Low cardiac əutput syndrome was present in all pa- 
tients in the initial postopesative period. One death occurred in a 
patient who developed rena failure, gastrointestinal tract hemor- 
rhage, and sepsis. Four survwing patients are alive 15 to 54 months 
postcperatively (average, 29 months) and are functional class Il. 

Previous reperts have indicated that operative mortality following 
early operative intervention for an acute RIVS has been high (11 sur- 
vivers in 33 cases). However, patients who develop progressive and 
uncostrollabie heart failure and shock are candidates for emergency 
operation and, as ind cated 3y the present report, satisfactory sal- 
vage and long-term survival can be achieved. 


hen rupture of the interventricular septum (RIVS) 
complicates an acate myocardial infarction, there is 
usually progressive cardiovascular deterioration and 
death. Approximazely one fourth of patients die within 
the first 24 hours and approximately half die within the 
first week following septal rupture.'* Most reports of sur- 
gical treatment of this lesion describe operation per- 
formed late in the clinical course, in the minority of pa- 
tients who survive the acute episode.‘ Salvage of many 
patients, however, may he possible only if operation is un- 
dertaken promptly on an urgent basis soon after septal 
rupture. Graham et al have recently reported a 50% sur- 
vival in 12 patients who underwent emergency surgery." 
This report presents the results in five patients in whom 
repair of a RIVS was performed within 12 days of an 
acute myocardial infarction. 


Aecepted for publication July 12. 1974. 

From the Thoracic Surgical and Cardiovascular Services, St. Luke’s Hos- 
pital, Kansas City, Mo. 

Read before the 22nc scientfic meeting of the International Cardio- 
vascular Sociezy, Chicago, June 21, 1974. 
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SUBJECTS 


Five patients with acute myocardial infarction complicated by 
RIVS underwent emergency operative repair. The pertinent clini- 
cal data in these five cases are tabulated in Table 1; case 1 has 
been reported in detail previously by Crosby et al.’ Each patient 
was admitted with an acute transmural anteroseptal myocardial 
infarction; there was also an inferior extension of the infarct in 
one patient. A harsh pansystolic murmur maximal at the lower 
left sternal border suggestive of a RIVS was first detected one, 
six, seven, eight, and ten days postinfarction. Each patient rap- 
idly developed progressive left heart failure, low cardiac output, 
and shock following rupture of the interventricular septum and 
did not respond to medical therapy. Emergency cardiac catheter- 
ization was performed in four patients and confirmed the diag- 
nosis and verified the severity of the hemodynamic disturbance. 
Cardiac catheterization was not done in one patient because the 
clinical diagnosis was believed to be secure, and it was thought 
that the clinical status was too precarious for left heart catheter- 
ization and angiography. Because of failure to respond to medical 
therapy, emergency operation was performed within 12 to 40 
hours after detection of the murmur in all cases. 


OPERATIVE MANAGEMENT 


Operation was performed utilizing cardiopulmonary bypass and 
mild (30 to 32 C [86.0 to 89.6 F]) hypothermia. In each instance, ne- 
crotic anteroapical left ventricular wall and the distal part of the 
interventricular septum were excised. In three instances the in- 
farction extended into the anterior right ventricular wall, neces- 
sitating resection of part of the anterior right ventricular wall as 
well. An attempt was made to perform subtotal excision of all 
(both free wall and septal) necrotic muscle. The septum was recon- 
stituted with a large Dacron patch sutured to the left side of the 
septum. Dacron pledgets were placed on the right side of the sep- 
tum to support the mattress sutures. The left and right ventricu- 
lar free walls were sutured to the prosthetic septum with large 
everting mattress sutures tied over large pledgets. A continuous 
over-and-over reinforcing suture was used to insure hemostasia of 
the edges of the everted ventricular walls. 


RESULTS 


The early postoperative course was characterized in 
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Table 1.—Clinical Data* 





Case AMI to Pulmonary Left Vent 
No./Age, Location RIVS, Artery Pres- End Dia: 
yr/Sex of Infarct Days Clinical Course Medical Therapy sure, mm Hg Pressure, 

1/48/M Anteroseptal 6 Pulmonary edema, shock Digitalis, diuretics 48/16 
2/48/M Anteroseptal 1 Pulmonary edema, shock Digitalis, diuretics, 
metaraminol bitar- 
trate (Aramine), hyper- 
baric chamber 
3/65/M Anteroseptal with 10 Pulmonary edema, shock, Digitalis, diuretics, 62/18 30 
inferior extension second degree heart levarterenol 
block, cardiac arrest 
4/64/F Anteroseptal 7 Pulmonary edema, shock Digitalis, metaraminol 43/22 23 
bitartrate 
5/63/M Anteroseptal 8 Pulmonary edema, shock Levarterenol 80 30 


* Acute myocardial infarction, AMI; right coronary artery, RCA; left anterior descending coronary artery, LAD; circumflex coronary artey, Cx. 


Table 2.—Operative Management and Results* 


Myo- 
cardium 
Resected, 
gm 
80 


Operation 
Infarctectomy, 
reconstruction IVS 
Infarctectomy, 
reconstruction IVS 
Infarctectomy, 
reconstruction IVS 
Infarctectomy, 
reconstruction IVS 
Infarctectomy, 
reconstruction IVS 


22 
72 LCOS, CHF 
18 LCOS, CHF 


52 


Postoperative 
Complications 
LCOS, temporary CHB 


LCOS, temporary CNSD 


, temporary 
CNSD, phlebitis 


LCOS, CNSD, ATN, upper 
gastrointestinal tract 


Recurrent 
Ventricular 
Septal Defect 
(Left to Right) 


Yes, 33% 


Follow-Up 
414 yr 


No 21/4 yr 
(mild CNSD) 
No 17 mo 


Yes, 77%t 15 mo 


No 


hemorrhage, pneumonia, 
sepsis, death 





* Acute myocardial infarction, AMI; interventricular septum, IVS; low cardiac output syndrome, LCOS; congestive heart failure, CHF; cen- 
tral nervous system dysfunction, CNSD; acute tubular necrosis, ATN; complete heart block, CHB; New York Heart Association, NYHA. 


ł Reoperation on 38th postoperative day. 


Table 3.—Relation of Time of Operation to Survival 


No. of 
Cases 


384 
21 
19 
41 
119 


Time of 
Operation* Survivalt 
15 (40%) 
13 (62%) 
15 (79%) 
36 (88%) 


79 (66%) 


<2 weeks 

2 weeks to 1 mo 
1 to 2 mo 

>2 mo 

Total 





* Time after acute myocardial infarction. 
t Alive 30 days postoperatively in reported cases. 
ł Includes five cases in this report. 


each instance by a “low cardiac output syndrome” that 
was treated with digoxin, sympathomimetic agents (usu- 
ally isoproterenol hydrochloride), volume expansion with 
colloid solutions, and prolonged ventilatory support (Table 
2). One patient (case 1) developed temporary complete 
heart block that was controlled by pacing; normal sinus 
rhythm returned on the fourth postoperative day. Two 
other patients had decreased mentation and confusion 
that gradually resolved (cases 2 and 4). Murmurs compat- 
ible with residual or recurrent shunts were observed post- 
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operatively in two patients. One patient (case 1) with a 
postoperative residual ventricular septal defect had a 
small, 32% left-to-right shunt that was tolerated quite 
well clinically. In the other instance (case 4), there were 
clinical findings of an increasing left-to-right inter- 
ventricular shunt with the appearance of severe conges- 
tive heart failure. A second cardiac catheterization was 
done (77% left-to-right shunt) and reoperation was per- 
formed to close the persistent ventricular septal defect on 
the 38th postoperative day. It was believed that this pa- 
tient was sufficiently palliated by the first operation to 
permit survival until a permanent repair could be accom- 
plished. One patient (case 5) experienced external rupture 
of the left ventricle after the pericardium was opened but 
before cardiopulmonary bypass had been instituted. This 
patient exhibited moderately severe decreased mentation 
early postoperatively. The postoperative course was fur- 
ther complicated by a low cardiac output syndrome, neuro- 
logical residue, acute tubular necrosis, hemorrhage in the 
upper part of the gastrointestinal tract (requiring lap- 
arotomy), pneumonia, and sepsis. The patient died on the 
41st postoperative day with Gram-negative sepsis. The 
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Left-to- Coronary 
Right Angiography, 
Shunt, % °% Occlusions 
78/60 82 +e 
85/65 76 LAD: 100 
Cx: 0 
RCA: 45 
100/75 80 LAD: 100 
Ge. 33 
RCA: O 
LAD: 100 
Ce 80 
RCA: O0 


four surviving patients were discharged 17, 19, 38, and 81 
days postoperatively. 

Clinical follow-up periods ranged from 15 to 54 months. 
One male patient has returned to work and one woman 
has returned to her household activities. Each survivor has 
a somewhat limited myecardial reserve but is in a func- 
tional class II (New York Heart Association). One patient 
has a chronic brain syndrome manifested by mild forget- 
fulmess and slowness of mentation, and one patient has 
mild residual poor coordination of the legs. 


COMMENT 


Rupture of the interventricular septum is present in ap- 
proximately 2% of patients dying as the result of an acute 
myoeardial infarction.** The rupture occurs during the 
first five days following infarction in approximately 60% 
of patients and during the ‘rst ten days in approximately 
90% of patients. Tne lethal nature of RIVS complicating 
acute myocardial infarction has long been appreciated.’ 
It also has been apparent that early operative interven- 
tion has been associatec with a very high mortality, re- 
lated to the associated severe left ventricular dysfunction 
present in the acutely infarcted myocardium and the like- 
liheod of suture dehiscence of the necrotic tissues.*” 

A review of the reports’ of operative repair of post- 
infarction interventricular septal defect (119 cases) re- 
veals that survival is clearly related to the interval be- 
tween the acute myocarcial infarction and surgery (Table 
3). Surgery is considerably more successful and myocar- 
dial tissue more ideal for repair in those 10% to 15% of pa- 
tients who have sufficient myocardial reserve or a smaller 
shunt that permits survival for two or more months post- 
infarction. It is apparent, however, that if 50% of patients 
with an acute myoeardial infarction complicated by RIVS 
die within one week, a more effective early approach is 
necessary to improve the salvage in these patients. Pa- 
tients who develop either progressive heart failure or 
shoek that does not respend to medical therapy should un- 
dergo cardiac catheterization without delay in preparation 
for prompt surgical intervention. 

In our experience, right (four cases) and left (three 
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cases) heart catheterization was performed safely in spite 
of the serious condition of the patient. A complete knowl- 
edge of ventricular function, presence or absence of mitral 
insufficiency, as well as details of coronary artery disease 
should be helpful in the diagnosis and proper selection of 
patients for surgery. Two of our three cases in whom coro- 
nary arteriography was performed had single-vessel coro- 
nary artery disease and a good surgical result could be 
predicted. In the presence, however, of severe three-vessel 
coronary artery disease, surgery might be inadvisable or 
in certain cases an appropriate coronary bypass procedure 
should also be performed. Abnormalities in myocardial 
function and the severity and extent of coronary artery 
disease will no doubt influence both immediate and long- 
term results. The risk and value of obtaining this more de- 
tailed information must be weighed against the safety of 
simpler techniques of right heart catheterization (ie, bed- 
side balloon flotation catheterization) for shunt detection 
alone. 

In our cases, circulatory assist was not utilized preoper- 
atively or postoperatively. Gold et al have employed the 
use of an intra-aortic balloon pump (IABP) in the man- 
agement of five patients with RIVS in cardiogenic shock." 
All patients improved clinically, and coronary arteriogra- 
phy and left ventriculography were performed without 
complication prior to emergency surgery, four patients 
were operated on with two survivors. These results are 
less favorable than those in the present report but, with 
one exception, the patients were found to have two or 
more vessels severely diseased at angiography. Peak im- 
provement occurred within 24 hours of pumping, although 
prolonged pumping was not found to be beneficial. An 
IABP may provide temporary hemodynamic stability and 
permit appropriate diagnostic studies and a more orderly 
preparation for cardiac surgery. In addition, protection 
against central nervous system dysfunction, such as oc- 
curred in two of our patients, may be theoretically pos- 
sible using IABP. Continued experience in this regard will 
be important to determine the role of circulatory assist in 
the management of these critically ill patients. In all our 
cases, expediency was believed to be very important and 
preparation for cardiac surgery was under way while the 
patient was undergoing emergency cardiae catheter- 
ization without delay. 

Previous reports have recorded a high mortality with 
early operative intervention in patients with RIVS fol- 
lowing an acute myocardial infarction (11 survivors in 33 
patients). The present report, however, indicates that 
with early effective management, satisfactory salvage of 
some patients who would not otherwise survive is possible. 

At the present time it is our policy to confirm the pres- 
ence of a RIVS in all patients who develop a significant 
heart murmur after an acute myocardial infarction, utiliz- 
ing a flow-directed balloon-tipped catheter at the bedside 
to obtain oxygen saturation data. If the patient with a 
RIVS develops unmanageable congestive heart failure or 
shock, we would proceed immediately with prompt right 
and left heart catheterization, coronary arteriography, 
and left ventricular angiography (with standby cardio- 
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pulmonary bypass available in the operating suite). If the 
pathological findings and clinical data then give support 
to anticipated survival with effective therapy, the patient 
is taken immediately to operation. 

Early operative repair of interventricular rupture after 
acute myocardial infarction necessitates special consid- 
erations in regard to operative techniques. Intrapericar- 
dial dissection should be limited to the region of the right 
atrium and ascending aorta for cannulation. Even institu- 
tion of partial bypass (in the femoral vessels) before tho- 
racotomy may be utilized in this setting. Mobilization of 
the ventricles should be performed only after the patient 
is on total bypass since, in some cases, the ventricular wall 
is very friable and is easily perforated. The arota should 





be cross clamped (if the heart is beating) during mobiliza- 
tion and opening of the left ventricle in order to avoid the 
possibility of systemic or pulmonary embolization of mu- 
ral thrombus. If at all feasible, enough necrotic tissue 
(both ventricular free walls and septum) should be excised 
so that the repair can be made through viable muscle. The 
techniques of repair of the interventricular septal defect 
may vary depending on its presentation; however, usually 
the entire distal part of the septum must be reconstituted 
by use of a large prosthetic patch. Inotropic support is 
usually necessary to withdraw pump-oxygenator support. 
A continuous isoprotenol drip was used in each of the five 
patients in the present report, and it was necessary to 
maintain this support for up to six days in one instance. 
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DISCUSSION 


DENTON A. CooLey, MD, Houston: I would like to congratulate 
Dr. Killen and his colleagues on this report. I think survival of 
four of the five patients following surgical repair of this lesion is 
highly commendable. Of course, many factors affect the prognosis 
in patients who have this complicating feature of severe myocar- 
dial necrosis, and they have described the most important ones. 

I have a sentimental feeling toward this lesion since our first 
open heart operation with bypass in April 1956 was performed on 
a patient with an acute rupture of the interventricular septum fol- 
lowing myocardial infarction. 

Our experience now includes 18 patients who have undergone 
repair of ventricular septal defect, 13 were male and 5 were fe- 
male, with a hospital mortality of 22%. Thus, we have salvaged al- 
most 80% of these patients, most of whom, particularly the acute 
cases, would have died from the lesion. 

Forty percent of the patients were more than 65 years of age. I 
am not sure that age alone should be a determining factor in 
whether or not one undertakes an operative approach to ventricu- 
lar septal defect of this type. No single factor should militate 
against attempting a repair if the patient’s condition is poor 
enough and obviously worsening. The oldest patient in the series 
was 71 years of age, and that patient survived. 

As Dr. Killen has indicated, the important factors in operative 
survival depend on the extent of the infarction and the interval 
between septal perforation and surgical intervention. We have 
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not been as successful as Dr. Killen’s group in the acute cases. 
Three patients who were operated on during the first four days af- 
ter their septal perforation died. In fact, all surgical deaths oc- 
curred in patients with the acute problem and death was related 
mostly to the extent of myocardial necrosis. 

I am impressed with the radical approach that he has used in 
advocating infarctectomy. It seems puzzling that infarctectomy 
for patients with ventricular septal defect has been more success- 
ful than infarctectomy without a septal perforation. 

Dr. KILLEN: First, I would like to thank Dr. Cooley for present- 
ing his large series and his tremendous experience with this prob- 
lem. I think the type of patient you encounter depends on what 
type of hospital you are in, and the community hospital probably 
sees most of these patients. That is where you find the patients 
with the acute infarction and also where you get the best opportu- 
nity to treat them, when they develop rupture of the ventricular 
septum. 

During the period of this series, we have seen two other pa- 
tients with acute rupture of their ventricular septum. One was an 
83-year-old man, and the family did not wish him to undergo cath- 
eterization and this was not pursued. At autopsy he did prove to 
have a ruptured ventricular septum. The other patient underwent 
emergency catheterization. He had third-degree heart block and 
satisfactory pacing could not be maintained; he died before we 
could operate on him. 
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Double Internal 
Mammary-Coronary 
Artery Bypass 


Hendrick B. Barner, MD 


Double internal mammary-coronary artery bypass in 100 patients 
with angina was associated with 35 single-vein grafts and four 
douple-vein grafts. Hospital mortality was 8%. Postoperative cathe- 
terization revealed patency of 80 of 84 (95%) right internal mam- 
mamy artery (RIMA) grafts, 82 of 84 (97%) left internal mammary ar- 
tery (LIMA) grafts, and 36 of 41 (88%) vein grafts. At one year, 22 of 
23 96%) RIMA grafts and 22 of 22 LIMA grafts remained patent. 
There were two late deaths, one late infarction, and three of 23 pa- 
tients with angina at cne year. Five of 45 IMA grafts had diffuse nar- 
rowing. The rigat and left IMA are hemodynamically similar, but the 
right will usually not reach beyond the acute margin and is smaller 
than the right coronary artery (RCA) one third of the time. The LIMA 
graft is the graft of choice for left anterior descending (LAD) recon- 
struction, but use of the RIMA for RCA or LAD bypass must be based 
on the age of the patient, the size of the coronary artery, and the dis- 
tribution of atherosclerosis. 


linical'* and experimental®’ observations indicate 

~ that corenary bypass with the internal mammary ar- 

tery (IMA) aehieves better patency than when the saphe- 

nous vein (5V) is used. Initial satisfactory experience with 

the left IMA (LIMA) has been extended to the right IMA 

(RIMA).’* This report details experience with double in- 
ternal mammary-coronary artery reconstruction. 


SUBJECTS AND METHODS 


From Augus: 1972 through May 1974, 100 patients (14 women) 
have had bilateral internal mammary-coronary artery bypass. 
They ranged in age from 24 to 71 years. Four patients had two ad- 
ditienal SV-coronary artery bypasses and 35 had one such bypass. 
Durning the interval of this series, there was no selection of pa- 
tients for IMA or SV bypass, but all patients received IMA bypass 
unless the IMA was unsuitable, es indicated subsequently. 

Qne patient had a prophylaczic bypass following myocardial in- 
faretion, while angina was the indication for operation in the oth- 
ers. In 13 instances the angina was unstable. There was a history 
əf ane or more nyocardial infarctions in 39 patients. Concomitant 
aortic valve replacement was performed in one patient. 

Selective coronary cineangiography via the Judkins, or occa- 
siormally the Somes, technique was performed preoperatively. Ste- 
noss of 75% was corsidered to be significant, but arteries with 
lesser degrees cf obstruction were occasionally bypassed when op- 
eration was indicated for a subs<antial lesion in another vessel. 
The subelavian and internal mammary arteries were not studied. 
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If there was evidence of subclavian occlusive disease by a blood 
pressure differential between the arms (one instance in 200 pa- 
tients), the IMA was not used. 

The IMAs were mobilized using sharp and blunt dissection as 
pedicles without the associated vein from the first to the fifth in- 
tercostal space on the right and the fourth or fifth space on the 
left. Branches were divided between hemostatic clips. The IMA 
was not handled with forceps as inadvertent placement of forceps 
across the IMA has resulted in intimal fracture with subintimal 
dissection five times in 200 patients. After systemic hepariniza- 
tion, the IMAs were divided distally and soft vascular clamps 
(Senning) were placed across them. 

The RIMA will usually reach just beyond the acute margin of 
the right coronary artery (RCA); if a more distal anastomosis was 
required, the IMA was used as a free graft (13 instances). Lumi- 
nal obliteration distal to the acute margin required mechanical en- 
darterectomy in 19 instances. The RIMA will also reach the left 
anterior descending (LAD) coronary artery (13 instances) or the 
diagonal artery (four instances). The left IMA will invariably 
reach the LAD as well as the diagonal (four instances) or obtuse 
marginal branch (14 instances) of the circumflex coronary artery 
(CCA). 

In the past year, the pericardium, which was initially opened 
longitudinally, has been divided into the right and left parts of the 
chest and the pleura widely opened so that the IMA has a direct 
paramediastinal intrathoracic course rather than being displaced 
medially by the anterior part of the lung. The IMA was transected 
at an appropriate length after making the coronary arteriotomy, 
and the end then spatulated for 6 mm. The discarded IMA was 
sent for microscopical examination. The IMA was sized with a 
probe of appropriate size and gently dilated. Free flow was mea- 
sured for 20 seconds and arterial pressure recorded. In 200 pa- 
tients, only one IMA was not used because of inadequate free flow 
(20 ml/min), which was due to a proximal plaque, in addition to 
those having subintimal dissection.’ A 6-mm coronary arteriotomy 
was made and the coronary sized. Anoxic arrest was instituted, or 
the RCA isolated with soft vascular clamps, and the heart cooled 


Fig 1.—Postoperative (left) and one-year (right) cineangiograms 
demonstrating normal left internal mammary artery initially, with 
continued patency but diffuse uniform narrowing at one year. 
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Hospital Deaths, 


No. of 
Previous No. of 
Infarc- Bypass 





Age, 











yr/Sex tions Grafts Time* Cause 

57/M 2 2 OR Left ventricular failure 
69/F 0 OR Left ventricular failure 
67/M 1 3 PO-2 Left ventricular failure 
67/M 0 3 PO-3 Pulmonary insufficiency 
48/M 1 2 PO-4 Left ventricular failure 
50/M 3 2 PO-5 Cerebral infarction 
55/M i 4 PO-5 Arrhythmia 

52/F 0 3 PO-7 Pulmonary sepsis, 






morbid obesity 





* Operating room, OR; postoperative day, PO. 


with ice made from lactated Ringer solution. Two doubly armed 
sutures of 7-0 Dacron were placed at the ends of the anastomosis, 
tied, and continued half the distance to the other suture. Prior to 
tying, the final sutures patency of the IMA and proximal and dis- 
tal coronary were proved with calibrated probes. Optical loupes of 
2.5X are used. The free IMA was anastomosed to the aorta be- 
fore, or occasionally after, the coronary anastomosis.” The pedicle 
was sutured to the epicardium near the anastomosis to prevent 
tension and angulation at the anastomosis. Associated SV grafts 
usually lie beneath the IMA to prevent tension on the IMA. 

Following discontinuation of cardiopulmonary bypass, graft 
flow was measured with an electromagnetic flowmeter. Graft re- 
sistance to free flow and anastomotic resistance were calculated 
by dividing mean arterial pressure by flow. 

Postoperative catheterization was obtained in 90% of patients, 
usually one week after operation, and 50% had a one-year study 
including further coronary angiography and ventriculography. 


RESULTS 


Six of eight hospital deaths (8%) occurred in men. Two 
deaths in the operating room were due to ventricular ir- 
ritability and left ventricular failure. The others were due 
to left ventricular failure (two), pulmonary sepsis (one), 
pulmonary insufficiency (one), arrhythmia (one), and cere- 
bral infarction (one) after resuscitation from cardiac ar- 
rest (Table). 

There have been two late deaths, one at three months 
secondary to respiratory insufficiency and one at eight 
months, probably on a cardiac basis. 

Four patients have had mediastinal wound infection re- 
quiring sternal debridement with healing by secondary 
intention. All have healed their wounds, but one died of 
respiratory insufficiency (late death). The three survivors 
have patent grafts. 

Postoperative catheterization demonstrated patency of 
80 of 84 (95%) RIMA grafts, 82 of 84 (97%) LIMA grafts, 
and 36 of 41 (88%) SV grafts. Two RIMA grafts that 
failed were to an endarterectomized RCA of which 14 of 
16 (87%) were patent, and one was a free graft of which 11 
of 12 (92%) were patent. One LIMA graft that failed was 
to an extremely diseased LAD coronary artery. 

One-year catheterization revealed loss of patency in one 
RIMA graft (22 of 23, 4%) and no LIMA grafts (22 of 22). 
Two RIMA grafts (9%) and three LIMA grafts (14%) had 
generalized narrowing with diminution in flow (Fig 1). 
These five narrowed grafts were anastomosed to patent 
coronary arteries that continued to have good forward 
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flow at the one-year catheterization. 

Three patients have had recurrence of angina at one 
year, two with one occluded graft and one with patent 
grafts. One patient had a myocardial infarction one 
month after the one-year catheterization showing patent 
grafts. 

Free graft flow and graft resistance were similar for 
right and left IMA grafts (Fig 2). Anastomotic flow and 
coronary resistance were similar for RIMA-RCA grafts 
and LIMA-LAD grafts (Fig 3). 

Comparison of RIMA-LAD grafts with LIMA-LAD 
grafts reveals a significant difference (P <.001) in anasto- 
motic flow (RIMA, 35+4.8 ml/min; LIMA. 57+ 3.7 
ml/min) and a significant difference (P <.02) in resistance 
(RIMA, 2.47 + .30 mm Hg/ml/min; LIMA, 1.67 + 11mm 
Hg/ml/min) (Fig 4). 

Comparison of LIMA-CCA and SV-CCA grafts indi- 
cates a significant difference (P <.02) in anastomotic flow 
(LIMA, 53 + 6.7 ml/min; SV, 80 + 7.4 ml/min) but a non- 
significant difference (P> .05) in coronary resistance 
(LIMA, 157+ .17 mm Hg/ml/min; SV, 1.21+ .15 mm 
Hg/ml/min) (Fig 5). 

Analysis of IMA and coronary artery internal diameter 
indicates that the RIMA was smaller than the RCA in 32% 
(23 of 67) excluding those instances where endarterectomy 
was done, which always resulted in the RCA being larger 
than the IMA. In contrast, the LIMA was smaller than the 
LAD coronary artery in 9% (seven of 80) and in the past 
year when the left side of the chest was routine-y entered 
to shorten the course of the IMA, the incidence was 2% 
(one of 45). 

Microscopy of the distal part of the IMA revealed essen- 
tially normal vessel in all instances. The IMA that was not 
utilized because of inadequate free flow had a typical ath- 
erosclerotic plaque in its proximal portion. 


COMMENT 


Accumulating clinical experience indicates that the 
IMA gives better early patency than does the SV for coro- 
nary reconstruction.' Follow-up data are limited’ but 
they seem to indicate continued high patency, as noted in 
this series. Of concern has been the finding of an 11% inci- 
dence of diffusely narrowed grafts at one year. This has 
not been reported by others, and no pathologie material 
has become available. It seems unlikely that this narrow- 
ing represents intimal hyperplasia, which is frequently 
segmental and has not been reported in experimental 
IMA grafts.*7° All grafts with this narrowing have been 
normal at the postoperative catheterization. At one year, 
concomitant coronary angiography has demonstrated con- 
tinued patency of the coronary artery with apparent good 
flow. This may represent “disuse atrophy” of the graft to 
a coronary artery that continues to have good forward 
flow. It may represent medial necrosis and fibrosis second- 
ary to the ischemic insult of mobilization, as has been de- 
scribed for vein grafts.'' However, all IMAs were mobi- 
lized with a pedicle of as much tissue as possible without 
resection of periosteum. Only continued observation will 
determine the importance of this finding. 

Despite the reservation above, it is evident that the 
LIMA is the graft of choice for the LAD coronary artery. 
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Fig 2.—Fr2e flow and graft res stance for right (RIMA) and left 
(LIMA) internal mammary arteries. Numbers in bars designate 
number of gra“ts. 
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Fig 3.—Anas‘omotic flow and resistance for right internal mam- 
mary artery-right co-onary artery (RIMA-RCA) and left internal 
mammary artery-left anterior descending coronary artery (LIMA- 
LAD) grafts. Numbers in bars indicate number of grafts. 


When the eft par: of the chest is deliberately entered so 
that the IMA can lie intrapleurally rather than being dis- 
placed medially by the lung, the IMA is almost always 
equal to or greater in diemeter than the LAD coronary ar- 
tery. Even though the [MA does not begin to have the 
flow capacity of SV, the basal flows for IMA and SV 
grafts are equal.’ During conditions of peak demand, the 
IMA is prebebly umable to deliver optimal flow,” but we 
have not recognized the situation of recurrent angina due 
to a small IMA that could not deliver adequate flow.’ A 
realistic goal is ucilization of an IMA that is equal or 
greater in diameter than the coronary artery. 
Indicaticns for use of the RIMA are not quite so clear as 
forthe LIMA, ever. though free flow, anastomotic flow, re- 
sistances to fow, and patency were similar (Fig 2 and 3). 
The RIMA mast be mobilized to the fifth intercostal space 
where a large branch reduces its size, and even then its 
limited length may necessitate a free graft. Its internal 
diameter is less than that of the RCA in one third of W 
stanees. Therefore. it is appropriate to restrict use o 
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go RIMA-LAD 


ZÀ LIMA-LAD 


Graft Resistance, mm Hg/ml/min 


Anastomotic Flow, ml/min 





P <.001 P <.02 


Fig 4.—Anastomotic flow and resistance for right and left internal 
mammary artery-left anterior descending coronary artery (RIMA- 
LAD and LIMA-LAD) grafts are statistically significant as indicated. 
Numbers in bars indicate number of grafts. 
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Anastomotic Flow, ml/min 
Graft Resistance, mm Hg/ml/min 


P>.05 


Fig 5.—Anastomotic flow for left internal mammary artery-cir- 
cumflex coronary artery (LIMA-CCA) grafts and saphenous vein-cir- 
cumflex coronary artery (SV-CCA) grafts are significantly different 
as indicated: resistance is not different for these two grafts. Num- 
bers in bars indicate number of grafts. 


RIMA to those situations in which the RCA is not large 
and substantial atherosclerosis lies proximal to the acute 
margin. If only a single RCA graft is planned, then the 
additional effort of a free graft may be worthwhile, but 
adequate long-term follow-up on the aortic anastomosis is 
not yet available. Perhaps a greater effort should be made 
to use the RIMA in patients under 50 years of age in 
whom apparent long-term advantages of the IMA may be 
realized. 

Use of the RIMA for the LAD coronary artery so that 
the LIMA can be used for the CCA is attractive, but flow 
and resistance observations indicate this may not be a 
wise choice (Fig 4). This probably reflects the very long 
course that the RIMA must pursue to reach the LAD coro- 
nary artery. It may be most prudent to always use the 


“LIMA for the LAD coronary artery when the LAD coro- 


ery requires a graft. However, if the LAD coro- 
a | 
rr 
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nary artery is small and the left IMA is suitable for the 
CCA, then use of the right IMA for the LAD coronary ar- 
tery is probably reasonable. 

Use of the left IMA for the obtuse marginal branch of 
the CCA is warranted if this IMA is not needed for the 
LAD coronary artery. Although flow was somewhat less 
than for SV graft to the CCA, resistance was not substan- 
tially different (Fig 5), indicating that under basal condi- 
tions the IMA is hemodynamically adequate. 

Others have suggested that the IMA should not be used 
if free flow is less than 60 ml/min" or 75 ml/min. Use of 
the IMA with significantly less free flow has been accept- 
able provided the reason is not subintimal hemorrhage, 
which is recognized by inspection of the IMA, or ath- 
erosclerosis in the IMA.’ A better criterion of hemody- 
namic adequacy of the IMA is graft resistance to free 
flow, which averages 1.24+ 0.05 mm Hg/ml/min with a 
range of 0.83 to 1.81 for 1.5-mm IMAs.* 

Improved patency of the IMA over the SV is probably 
related to velocity of flow and freedom from intimal pro- 
liferation.’ Whether translocation of the IMA and altered 
flow characteristics imposed by the coronary bed will re- 
sult in atherosclerosis of this artery is unknown. It is clear 
that only an occasional IMA has proximal atherosclerosis 
of significance and microscopy of the discarded distal seg- 
ment has not revealed atherosclerotic degeneration. 

Double internal-mammary-coronary artery bypass is 
associated with a longer operating time, a higher inci- 
dence of reoperation for bleeding (12% vs 5%), a greater 
frequency of mediastinal infection (4% vs 1%), and a 
higher mortality (8% vs 5%). These untoward events, 
which will hopefully decrease with increasing experience, 
must be balanced against the apparent better patency of 
the IMA. 


This investigation was supported in part by Public Health Service grant 
HL-06312. 
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DISCUSSION 


NoEL L. MILs, MD, New Orleans: At Ochsner Foundation Hos- 
pital we have had experience with over 300 patients with internal 
mammary artery bypasses, either single or double. We have been 
extremely pleased with our results and our patency of 98% as com- 
pared to a lower patency rate with saphenous vein grafts. 

I think preparation of the graft is important and I would like to 
make a couple of points. 

The needle that we use for dilating the internal mammary ar- 
tery was made by one of our medical students. A drop of silver sol- 
der is applied to the end of a standard 22-gauge needle. The needle 
is ground to an olive shape, and has a high polish on it. 

The needle slips into the internal mammary artery quite easily 
and thus avoids dissection or intimal injury. 

We inject 2 ml of pure papavarine hydrochloride into the inter- 
nal mammary artery while occluding it proximally with a finger 
against the undersurface of the clavicle, and there is an amazing 
degree of dilation that follows. In over 95% of our eases we find 
that the internal mammary artery diameter is greater than 2 mm. 

We would like to make a plea for surgeons to be careful in using 
the internal mammary artery and to assess the status of that ves- 
sel before it is used as a graft. First, we listen for subclavian 
bruits and would not use a mammary artery as a graft if there is 
a bruit or a differential in blood pressure between each arm. If the 
internal mammary artery is not at least 1.5 mm in internal diame- 
ter or there is visible atheromatous disease in it we would not use 
it as a graft. 

In the past we have stated 75 ml free flow is adequate but I can- 
not remember seeing less than 120 ml/min in quite some time and, 
on occasion, we measure up to 280 to 310 ml/min free flow from 
the mammary artery graft. 

If there is any problem or question, we connect the little needle 
to a pressure measuring line to see if it will not superimpose with 
the right radial artery pressure. This, again, allows a check to de- 
termine if there is an iatrogenic stenosis or atheromatous disease 
in the proximal part of the internal mammary artery. 

Dr. BARNER: Thank you, Dr. Mills. The distal IMA is always 
sent to the pathologist and we have not seen atherosclerotic de- 
generation on microscopy. 

We have not used the electrocautery during mobilization of the 
IMA, but we have used gentle dilation with the sizing probe. Free 
flow measurements have been lower than the 75 ml/min suggested 
by Mills and Oschner and lower than the figure of 60 ml/min given 
by Green, in some instances. It must be remembered that free 
flow is a reflection of arterial pressure as well as IMA diameter, 
and perhaps a better guideline would be resistance of the IMA, 
but I am not sure what the maximum acceptable resistance should 
be. 

We have used ten RIMAs and 19 LIMAs with free flow of less 
than 60 ml/min and only one of these has failed. 

In correlating IMA resistance during free flow with internal 
diameter of the IMA, nearly identical values were obtained for 
the right and left IMA. For 1.5-mm IMAs, mean resistance was 
1.2 mm Hg/ml/min with a range of 0.8 to 1.8 mm Hg/ml/min. Al- 
though we have not used IMAs with an internal diameter less 
than 1.5 mm, the maximum resistance that is acceptable is un- 
known. It is apparent that in establishing a lower limit for free 
flow, arterial pressure must be considered and resistance is more 
representative of these variables than is flow. 
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Introducing 





C conservative step When aspirin therapy alone is oP 


a = u sufficient, consider new Ascriptin 

in acute ej rthritic flare-up with Codeine Tablets. The codeine 
relieves more severe bouts of 
pain. Yet joint stiffness and inflam- 
mation are still eased by basic 
aspirin—thus avoiding the esca- 
lated risks associated with more 
potent anti-inflammatories or 
corticosteroids. 

And Ascriptin, remember, is 

Maalox®-protected aspirin. That 
means less chance of aspirin- 
induced gastric distress... even 
with high doses. 


i B 
® fi y 
New scri in with Codeine INDICATION: As an analgesic for the 
relief of pain of all degrees of severity 


i i Tablets up to that which requires morphine. 
#2—/4 grein codeine tablet SIDE EFFECTS: Side effects are rare. 
#3—/o grain codeine tablet Nausea, constipation and drowsiness 
may occur. 


Warning—may be habit forming. 
m a = i USUAL ADULT DOSE: Ascriptin with 
Reduces inflammation, relieves severe pain Saaana #2 (Vi Orain) TWO tapia eae 
3 or 4 hrs. when necessary. 
Ascriptin with Codeine #3 (Y2 grain): 
One or two tablets every 3 or 4 hrs. 
when necessary. 
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Offers the convenience of I.M. 
or I.V. administration. 
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P. renteralCeph losporin Antibiotic 
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With These 
Practical 
Advantages 





‘ANCEFPF’ I.V. produces high serum 
levels. 





9 10 20 30 40 50 60 70 80 90 100 110 120 Min. 


Average Serum Concentration of ‘Ancef' following a single 1 gram 
1V injection. (Siudy ccnducted ir 2C healthy adult volunteers.) 


‘ANCEF’ Indications 


Respiratory tract infections due to D. pneu- 
moniae, Kiebsielle specs, H. influenzae, S. 
aureus and croup A bef&-hemolytic streptococci. 
Genitourinary tract infections due to E. coli, 

P mirabilis Flebsrella species and some 

strains of enterobacter end enterococci. 

Skin and sof:-tissue infections due to S. aureus, 
group A bet=herr olytic streptococci and other 
strains of streptococci. 

Bone and int intections due to S. aureus. 
Septicemia due to D. paeumoniae, S. aureus, 

P mirabilis, E. colrand Flebsiella species. 
Endocarditis due to S. eureus and group A 
beta-hemclyiic str2ptococci. 


Appropriate culture and susceatibility studies should be performed 
to determine susceptibility of tr= causative organism to ‘Ancef. 


‘ANCEFP’ I.V. has a low risk of 
phlebitis at the injection site. 





















. gripa niii 
Duration Number — 
of I.V. } with | 
Therapy | Phlebitis _ 
1 day or less en eh 
2 days ee: ee ke. | 
3days DEA 
4 days Seige 
5 days ea, Uae a 
8 days Aio EERE 
Odays Bee 
10 days LS a 
More than 10 days De tae oo 
Total 6 (2.2%) 
Of 273 patients receiving ‘Ancef' intravenously, 6 oatientsor 
2.2% reported phlebitis at the injection site. As cam be seen KA 
in the above chart, which presents the duration A e AN 
therapy, average daily dose and the occurrence of phlebitis, 
most cases of phlebitis occurred in the first few daysof = — 
therapy which may be indicative that the inflammation was —— 
caused by the mechanical trauma of setting up the |.V. rather 
than continuing irritation of the drug itself. ng aa 


in small populations. Further clinical experience mereven: 
a greater incidence of adverse effects. l Ne 
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Pain on injection is infrequent 
with ‘Ancef’. 


ANCEF’ Has Produced 
No Nephrotoxicity 


in Extensive Clinical Trials. 


(Transient rise in SGOT, SGPT, BUN and alkaline phosphatase 
levels has been observed without clinical evidence of renal or 
hepatic impairment.) 


Adverse Reactions. 


Adverse reactions reported in the clinical trials included: pain 

on injection, rash, G.I. symptoms, pruritus and phlebitis. For a 
complete list of adverse reactions associated with ‘Ancef' therapy, 
please see brief summary of prescribing information on next page. 


See following page for a brief summary of prescribing information 
including contraindications, warnings, precautions and dosage. 
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‘CEFAZOLIN SODIUM 


Before prescribing, see complete prescribing information in SK&F 
literature or PDR. The following is a brief summary. 


DESCRIPTION 

Ancef® (sterile cefazolin sodium, SK&F) is a semi-synthetic cepha- 
losporin for parenteral administration. It is the sodium salt of 3- (((5- 
methyl-1, 3, 4-thiadiazol-2-y) thio]methy!|| -8-0xo-7-{ 2-( 1H-tetrazol- 
1-yl) acetamido]-5-thia-1 -azabicyclo[4.2.0]oct-2-ene-2-carboxylic 
acid. The sodium content is 46 mg_ per gram of cefazolin. 


ACTIONS 

Microbiology: /n vitro tests demonstrate that the bactericidal action 
of cephalosporins results from inhibition of cell wall synthesis. 
‘Ancef' is active against the following organisms in vitro: 


Staphylococcus aureus (penicillin-sensitive and penicillin-resistant) 


Group A beta-hemolytic streptococci and other strains of strep- 
tococci (many strains of enterococci are resistant) 


Diplococcus pneumoniae Klebsiella species 
Escherichia coli Enterobacter aerogenes 
Proteus mirabilis Hemophilus influenzae 


Most strains of Enterobacter cloacae and indole positive Proteus 

(P. vulgaris, P. morgani, P. rettgeri) are resistant. Methicillin-resistant 
Staphylococci, serratia, pseudomonas, mima, herellea species are 
almost uniformly resistant to cefazolin. 


INDICATIONS 
Ancef (sterile cefazolin sodium. SK& F) is indicated in the treatment of 


the following serious infections due to susceptible organisms: 


Respiratory tract infections due to Diplococcus pneumoniae, 
Klebsiella species, Hemophilus influenzae. Staphylococcus aureus 
(penicillin-sensitive and penicillin-resistant), and group A beta- 
hemolytic streptococci. 


Injectable benzathine penicillin is considered to be the drug of choice 
in treatment and prevention of streptococcal infections, including 

the prophylaxis of rheumatic fever. ‘Ancef' is effective in the eradica- 
tion of streptococci from the nasopharynx; however, data establish- 
ing the efficacy of ‘Ancef' in the subsequent prevention of rheumatic 
fever are not available at present. 


Genitourinary tract infections due to E scherichia coli, Proteus 
mirabilis, Klebsiella species, and some strains of enterobacter and 
enterococci. 


Skin and soft-tissue infections due to Staph ylococcus aureus 
(penicillin-sensitive and penicillin-resistant) and group A beta- 
hemolytic streptococci and other strains of st reptococci 


Bone and joint infections due to Staphylococcus aureus. 


Septicemia due to Diplococcus pneumoniae, Staph ylococcus 
aureus (penicillin-sensitive and penicillin-resistant), Proteus mirabilis, 
Escherichia coli, and Klebsiella species. 


Endocarditis due to Staphylococcus aureus (penicillin-sensitive and 
penicillin-resistant), and group A beta-hemolytic streptococci. 


Appropriate culture and susceptibility studies should be performed 
to determine susceptibility of the causative organism to ‘Ancef'. 


CONTRAINDICATIONS 
'ANCEF' IS CONTRAINDICATED IN PATIENTS WITH KNOWN 
ALLERGY TO THE CEPHALOSPORIN GROUP OF ANTIBIOTICS. 


WARNINGS 

IN PENICILLIN-ALLERGIC PATIENTS, CEPHALOSPORINS 
SHOULD BE USED WITH GREAT CAUTION. THERE IS CLINICAL 
AND LABORATORY EVIDENCE OF PARTIAL CROSS-ALLER- 
GENICITY OF THE PENICILLINS AND THE CEPHALOSPORINS. 
AND THERE ARE INSTANCES OF PATIENTS WHO HAVE HAD 
REACTIONS TO BOTH DRUG CLASSES (INCLUDING FATAL 
ANAPHYLAXIS AFTER PARENTERAL USE). 


Any patient who has demonstrated some form of allergy, particularly 
to drugs, should receive antibiotics, including Ancef (sterile 
cefazolin sodium, SK&F) cautiously and then only when absolutely 


(lyophilized) 


necessary. Serious anaphylactoid reactions require immediate 
emergency treatment with epinephrine Oxygen, intravenous 
Steroids, and airway management, including intubation, should also 
be administered as indicated. 

Usage in Pregnancy: Safety of this product for use during pregnancy 
has not been established. 

Usage in Infants: Safety for use in prematures and infants under 1 
month of age has not been established 


PRECAUTIONS 

Prolonged use of cefazolin sodium may result in the overgrowth of 
nonsusceptible organisms. Careful clinical observation of the patient 
is essential 


When ‘Ancef' is administered to patients with low urinary output 
because of impaired renal function, lower daily dosage is required 
(see dosage instructions). A false positive reaction for glucose inthe 
urine of patients on ‘Ancef' has occurred with Clinitest® tablets 
solution 


ADVERSE REACTIONS 

The following reactions have been reported: 

Hypersensitivity: Drug fever, skin rash. vulvar pruritus, and 
eosinophilia have occurred. 

Blood: Neutropenia, leukopenia, thrombocythemia and positive 
direct and indirect Coombs tests have occurred 

Hepatic and Renal: Transient rise in SGOT, SGPT, BUN and alkaline 
phosphatase levels has been observed 

Gastrointestinal: Nausea, anorexia. vomiting, diarrhea, oral can- 
didiasis (oral thrush) have been reported 

Other: Pain at site of injection after intramuscular administration has 
occurred, some with induration. Phliebitis at site of injection has been 
noted. 


DOSAGE AND ADMINISTRATION 

‘Ancef' may be administered intramuscularly or intravenously after 
reconstitution. 

Dosage 

In adults, usual dosage for mild gram-positive infections is 250 mg 
to 500 mg. of ‘Ancef' every 8 hours. In acute uncomplicated urinary 
tract infections, a dosage of 500 mg. every 8 hours is usually ade- 
quate. In moderate or severe infections, the usual adult dosage is 
500 mg. to 1 gram of ‘Ancef' every 6 to 8 hours. ‘Ancef’ has been 
administered in dosages of six grams per day in serious infections 
such as endocarditis. ‘Ancef' may be used in patients with reduced 
renal function with the following dosage adjustments: In patients 
with mild to moderate impairment (creatinine clearance of 60-40 
mi./min.) 60% of the normal daily dose given in divided doses qi2h 
should be sufficient. In patients with moderate impairment (creatinine 
Clearance of 40-20 ml./min.) 25% of the normal daily dose given in 
divided doses q12h should be sufficient. In patients with marked 
impairment (creatinine clearance of 20-5 mi./min.) 10% of the 
normal daily dose given q24h should be adequate. All dosage 
recommendations apply after an initial loading dose of 500 mg. 


In children, a total daily dosage of 25 to 50 mg. per kg. (approxi- 
mately 10 to 20 mg. per pound) of body weight, divided into three or 
four equal doses, is effective for most mild to moderately severe 
infections. Total daily dose may be increased to 100 mg. per kg. (45 
mg. per pound) of body weight for severe infections. Since safety for 
use in premature infants and in infants under one month has not 
been established, the use of ‘Ancef’ in these patients is not recom- 
mended. 

For additional information on dosage and administration. see pack- 
age literature or contact your SK&F Representative. 

HOW SUPPLIED 

Ancet® (sterile cefazolin sodium, SK&F) — supplied in vials equivalent 
to 250 mg., 500 mg., and 1 gram of cefazolin. 


Smith Kline & French Laboratories, Division of SmithKline Corp., 
Philadelphia, Pa. 19101 
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Myocardial Oxygen Utilization 
During Left Heart Bypass 


Effect of Varying Percentage of Bypass Flow Rate 


John L. Penneck, MD; Wiliam S. Pierce, MD; G. Allen Prophet; John A. Waldhausen, MD 


Myocardial oxygen utilization during left heart bypass was studied 
in a preparation where a mean aortic pressure of 75 mm Hg and a 
heart rate of 100 beats per minute were kept constant. The relation- 
ship of reductien of myocardial oxygen consumption (MVO.) as by- 
pass increased was nonlinear. A partial bypass flow as high as 80% 
produced a decrease in MÝO of only 15% from controls. Thereafter, 
MVO. decreased rapidly to a maximum reduction of 50% from con- 
trols with complete left veniricular bypass with left ventricular de- 
compression. 

This study indicates that he maximum benefit in salvaging mar- 
ginal ischemic muscle with the use of left ventricular bypass would 
be expected to occur with cemplete left ventricular bypass and left 
ventricular decempression. 


a. heart bypass has evolved experimentally as a 
useful ferm of mecaanical circulatory assistance. By 
this method, studies employing left heart bypass in ani- 
mais in left wentricular *ailure have shown that systemic 
arterial blood flow and perfusion pressure increase while 
oxygen consumpticn of tne heart decreases.” The ration- 
ale for the benefit of left heart bypass in the treatment of 
cardiogenic shock is to decrease the volume work load of 
the left ventricle. Maximam reduction of the oxygen utili- 
zation of the heart would be expected with complete left 
ventricular decompression. During this state, no external 
work is being perfcrmed by the left ventricle, and cardiac 
output is being borne by the pump, not the heart. Thus, 
developing ventricular pressure and tension are reduced 
(effects of afterload) to low levels, indexes that are most 
costly in terms of energy metabolism. 

Reduction of the oxygen utilization of the heart by left 
heart bypass has been stadied by several groups. Dennis 
and his co-workers® have shown that complete left heart 
bypass with left ventricular decompression is capable of 
reducing the myocerdial oxygen consumption (MVO.) to 
about 50% control levels They also demonstrated that 
lesser degrees of bypass reduce the oxygen utilization less 
markedly. Pierce and his associates‘ demonstrated that 
maximum left atrial to aortic bypass, accounting for 85%of 
the total aortic flow, was capable of reducing the MVO, 
by 22%. In contrast, they demonstrated that complete left 
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ventricular to aortic bypass with left ventricular decom- 
pression was capable of reducing the MVO, by 47%. Jacobs 
and Hinglais’ demonstrated that even when total left 
heart bypass is achieved (left ventricular stroke volume 
equals zero), MVO, still depends on the volume-pressure 
conditions of the bypassed left ventricle. 

The present study was undertaken to define the rela- 
tionship of reduction of MVO, at all levels of bypass in- 
cluding left ventricular decompression in a preparation 
where mean aortic pressure and heart rate were kept con- 
stant. 


METHOD 


Ten adult mongrel dogs, weighing 17.3 to 20.4 kg (38.1 to 45.0 1b) 
were anesthetized with pentobarbital sodium (25 mg/kg), intu- 
bated with a cuffed endotracheal tube, and ventilated with 30% 
oxygen by means of a positive pressure respirator. A median ster- 
notomy was performed. A stainless, multistrand steel, Teflon- 
coated pacing wire was placed at the left ventricular apex. Heart 
block was produced by the method of Steiner and Kovalik.® By 
their method, a small amount of 40% formaldehyde is injected into 
the area of the bundle of His. The heart was paced at a constant 
rate of 100 beats per minute, using a pulse stimulator. 

An electromagnetic flowmeter was placed around the ascending 
aorta. Heparin sodium was administered (3 mg/kg) and a cannula 
(3-mm inside diameter) was secured in the coronary sinus via the 
right atrial appendage and made occlusive by a ligature surround- 
ing the proximal portion of the coronary sinus. One side of a Y 
connecting tube led back to the right atrium for continuous coro- 
nary sinus to right atrial flow when coronary sinus flow was not 
being measured. The remaining limb of the Y conneetor led to a 
graduated cylinder. Coronary sinus blood flow was measured by 
stopwatch and clamp occlusion of the atrial return tube for 60 sec- 
onds duration. 

A No. 26 F catheter with 14 drainage holes drilled into the distal 
end was inserted into the left atrial appendage. The catheter was 
advanced into the left ventricle when complete left ventricular de- 
compression was desired. Blood from the left heart was drained 
by gravity into a specially designed open reservoir that consisted 
of a 1,000-ml capacity graduated cylinder with 10-ml increments. 
The reservoir allowed accurate quantitative additions or subtrac- 
tions from the dog’s blood volume. The reservoir was primed with 
500 ml unmatched donor dog blood and 500 ml lactatec Ringer so- 
lution. The remaining circuit consisted of a heat exchanger and a 
roller pump. Blood was returned via the left proximal femoral ar- 
tery using a No. 12 F arterial catheter. 

A right femoral arterial catheter was advanced to the descend- 
ing aorta for central aortic pressure monitoring and arterial blood 
sampling. The catheter was connected to a pressure transducer 
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Fig 1.—Left heart bypass preparation used in dogs. 


for the measurement of central aortic pressure. A right femoral 
venous catheter was advanced into the inferior vena cava and con- 
nected to a pressure transducer for measurement of central 
venous pressure. A short, rigid, wide-bore catheter was inserted 
into the left ventricular cavity through the left ventricular apex 
and connected to a transducer for measurement of the left ven- 
tricular pressure and maximum rate of left ventricular pressure 
rise (Fig 1). 

The electrocardiogram, central venous pressure, central aortic 
pressure, left ventricular pressure, left ventricular pressure rise, 
and mean aortic flow were recorded on an eight-channel recorder. 
Left ventricular pressure rise was obtained by electronic differ- 
entiation of the left ventricular pressure signal. A thermistor 
probe was placed within the rectum of the animal, and body tem- 
perature was maintained between 38 and 39 C (100.4 and 102.2 F) 
throughout the experiment. The central aortic pressure was elec- 
trically coupled to a digital-volt meter to allow a digital readout of 
mean aortic pressure throughout the experiment. The digital dis- 


_ play of mean aortic pressure allowed rapid correction of changes 


in mean aortic pressure and to achieve a narrow range of mean 
aortic pressure fluctuation. 

Each experiment consisted of approximately ten runs of differ- 
ent percentage bypass flow rates from controls through complete 
left ventricular decompression. The experiment began with two 
control runs (no bypass) at a constant heart rate of 100 beats per 
minute and a mean aortic pressure of 75.0 + 3.0 mm Hg (mean 
plus or minus SE). These variables were kept constant throughout 
the experiment. Each control run and each successive run was 
maintained for a 15-minute period. To establish the stability of 
the preparation, successive runs were staggered in such a way 
that control runs, decompression runs, or different percentage by- 
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Fig 2.—Comparison of calculated myocardial oxygen consump. 
tion (MVO,) values to percentage bypass flow rates for each deter- 
mination. Each symbol represents MVO, values obtained at differ- 
ent percentage bypass flow rates within same experimental animal. 
One hundred percent bypass flow rate represents left ventricular de- 
compression. 


pass runs were repeated throughout the experiment. 

Partial pressure of carbon dioxide and oxygen (Po), pH, and 
base excess were determined every half hour from an arterial 
blood sample to maintain the Po, between 100 and 130 mm Hg and 
the pH between 7.35 and 7.45. 

Blood samples during each experimental run were obtained 
from the arterial line and coronary sinus flow for the determina- 
tion of oxygen saturation of each on a spectrophotometric oxime- 
ter. Hemoglobin determinations were made during each experi 
mental run. The MVO, was calculated from the following 
formulation: | 

(1) arterial O, content (vol%)=arterial O, saturation (%) X he 
moglobin (gm x 100 ml) x K where K = 1.34 ml O,/1 gm hemoglobin 

(2) venous O, content (vol%) = venous O, saturation (%) x hemo- 
globin (gm/100 ml) x K 

(3) MVO, =arterial-venous O, difference (vol%) X coronary sinus 

flow (ml/min) 
At the conclusion of each experiment, the heart was excised and 
all tissue removed from the left ventricular muscle mass for 
weighing. The MVO, was related to 100 gm of left ventricular wet 
weight for statistical analysis. 

The pressure-time index per minute was calculated by multiply- 
ing the mean developed left ventricular pressue by the duration of 
the ventricular pressure curves per minute. The mean developed 
left ventricular pressure was obtained by planimetry of the area 
under the left ventricular pressure tracing divided by the duration 
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Table 1.—Hemodynamic Factors and Myocardial Oxygen Consun 


OOD 
Partial Percentage Bypass Flov 





Beginning End 
Control Control 20-39 40-49 50-59 60-69 
Total flow, ml/kg/mm 73.0'= 5.7 68.7 + 4.9 80.4 + 6.2 79:2 £ 7:7 82.7 + 6.8 TELER 
Maximum left ventricular 
pressure rise, mm Hg/sec 2,370 £74 2319 — 147 2,506 + 67 2,294 + 165 2,351 + 202 2,369 + ] 
Pressure-time index/min, i 
mm Hg-sec 1,708 + 42 1,616 + 52 1,649 + 56 1,585 + 60 1,592 + 64 lta a 
_ Left ventricular peak 
systolic pressure, mm Hg 10177 £2.1 101.6 £1.3 9AT E19 97.9 + 1.6 95.3 21:5 94.4 £: 
Arterial O,, vol % 18.87 + 0.89 18:37 = 1.26 17:27 +0:73 17.80 + 1.13 18.19 + 0.79 17.95. =C 
Venous O,, vol % 7.82 + 0.83 7.71 £0.96 8.18 + 0.90 8.31 +0.82 7.97 + 0.55 6.83 +0 
| Arterial-venous O, 
l difference, vol % 10.88 + 0.72 10.82 + 1.00 8.77 = 0.32 10.22 + 0.95 9.67 + 0.90 10.38 =C 
ks Coronary sinus flow, 
- ml/min 36.9+1.4 38.9 = 2.7 39.8 4 1.5 38.0 £ 1.9 So) 4 al 37.7 =4 
Myocardial oxygen con- 
sumption, ml/100 
gm/min 4.23 + 0.10 4.37 £0.20 3.91 £0.10 3.96 + 0.20 3.92 + 0.16 4.03 +C 
Decrease of MVO, from 
controls, % 2.93 + 0.41 §.04 + 1.26 7.69 + 1.33 7.89 +C 





iF, 





















of the left ventricular pressure generated. Multiple curves were 
measured per run and averaged. 

The Student ¢ test for paired data was used to test the signifi- 
cance of differences between mean values.’ 


RESULTS 


Ten dogs underwent left atrial and left ventricular by- 
pass for this study. The results are tabulated in Table 1. 
Each dog served as its own control. A heart rate of 100 + 2 
beats per minute and a mean aortic pressure of 75.0 + 3.0 
mm Hg were maintained throughout the experiment. The 
mean control MVO, was 4.23 + 0.10 ml/100 gm/min. The 
end control MVO.,, representing values obtained approxi- 
mately two hours after initial control values, was 
4.37 + 0.20 ml/100 gm/min. The P value between begin- 
ning control MVO, values and end control MVO, values 
was insignificant (P <.4), indicating stability of the exper- 
imental preparation. 
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Table 2.—Significant Differences Between Control and Partial Bypass Flow Rates 









Beginning 











Control- 
Beginning Left-Ven- 
Control- Beginning Control-Partial Percentage Bypass Flow Rates tricular 
End Decom- 
Control 20-39 40-49 50-59 60-69 70-79 80-89 90-99 pression 
Total flow NS NS NS NS NS NS NS NS NS 
Maximum left venticular 
pressure rise NS NS NS NS NS NS NS <.01 <.001 
Pressure-time index NS NS NS NS NS NS NS <.01 <.001 
Left ventricular peak 
systolic pressure NS NS NS NS NS NS NS NS <.001 
Arterial O, NS NS NS NS NS NS NS NS NS 
Venous O, NS NS NS NS NS NS NS NS NS 
Arterial-venous O, 
difference NS NS NS NS NS <.05 <.001 <.001 <.001 
Coronary sinus flow NS NS NS NS NS <.01 <.02 <.05 <.001 
Myocardial oxygen 
consumption NS <.05 <.05 <.05 <.05 <.001 <.001 <.001 <.001 
Decrease of MVO, from 
controls <.001 <.001 <.001 <.001 <.001 <.001 <.001 <.001 














Partial left heart bypass results were tabulated accord- 
ing to the range of percentage bypass flow rates within 
which they fell. Seven ranges including 20% to 39%, 40% to 
49%, 50% to 59%, 60% to 69%, 70% to 79%, 80% to 89%, and 
90% to 99% bypass flow rates were tabulated (Table 1). A 
total of 65 partial bypass flow rate determinations were 
performed. A mean MVO, value of 3.91+0.10 ml/100 
gm/min was obtained during 20% to 39% bypass flow rates 
representing a 2.93% + 0.41% decrease from mean control 
MVO.. As partial bypass flow rates increased, MVO, grad- 
ually decreased. Figure 2 represents a comparison of cal- 
culated MVO, to percentage bypass flow rates for each de- 
termination. Maximum partial bypass flow rates of 90% to 
99% produced a mean MVO, of 2.98 +0.34 ml/100 
gm/min. This resulted in a MVO, percentage decrease of 
30.84% + 4.04% from controls. Figure 3 represents a com- 
parison of the percentage decrease of MVO, from control 
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agi aia Ta j E P. hiia mT wr. al ih ate 
During Left Heart Bypass 
er 
Left Ventricular 
70-79 80-89 90-99 Decompression 
73.2 = 68 26.1 + 5.6 79.6+9.9 79.2 + 4.9 
2,174 + 165 2,027 +101 1,974 + 2.89 846 + 69 
1,561 = 52 1,578 £ 53 1,493 = 36 616 + 62 
92.5414 &2.9 + 3.9 90.2 + 2.4 36.2 = 3.0 
17.38 = 082 17.77 = 1.08 17.95 = 1.35 17.44+0.81 
786— 0.75 $57 + 0.77 9.49 + 1.09 8.17 + 0.59 
9.95 + 1.09 €57 £5.78 8.90 + 1.62 7.27 £ 0.54 
o 33.84 1.97 B4+2.4 31.4+2.4 23.6 + 1.42 
3.57 + 014 345 +9.18 2.98 + 0.34 2.15+0.08 
14.99 = 1.83 2330 + 1.35 30.84 = 4.04 50.68 + 0.89 


values in each experimental run to percentage bypass 
flow rate. H gh levels cf partial bypass produce a more 
rapid change in percentage decrease of MVO, as bypass 
approaches left ventricmar decompression than low levels 
of bypass ‘F g 4). 

Total bleec fiow. ie, measured aortic flow plus left heart 
bypass flow, showed no significant difference from control 
runs throuzh partial bypass runs (Table 2). Left ventricu- 
lar peak systolic pressure gradually decreased from a con- 
trol value of 101.7 + 2.1 mm Hg to 90.2 + 2.4 mm Hg dur- 
ing 90% to 92% bypass flow rates. However, no significant 
difference occurred from left ventricular peak systolic 
pressure controls through 90% to 99% left heart bypass 
flow rates (Table 2). Measures of left ventricular contrac- 
tility, maximum rete of eft ventricular pressure rise, and 
the pressuretime index demonstrated no significant dif- 
ference frem controls through 80% to 89% left heart by- 
pass flow rates. The arterial-venous oxygen difference 
demonstrated no significant decrease until high levels of 
partial bypass were instituted. Coronary sinus flow dem- 
onstrated significant differences from controls during 70% 
to 79% parcial bypass through left ventricular decompres- 
sion. 

A total of 15 left ven-rieular decompression runs were 
performed. Left ventricular decompression resulted in a 
mean MVO, value of 215+ 0.08 ml/100 gm/min. This 
value represents a deerease in MVO, of 50.7% from the ini- 
tial contro. values (P <.)01). Figure 5 represents a com- 
parison of left ventricular decompression to initial control 
MVO, for each arimal. Several bars within the shaded 
area represent differen’ left ventricular decompression 
runs throughout the experiment. Total blood flow during 
left ventricular decompression (measured left heart by- 
pass flow, no aortie flow) showed no significant difference 
from controls (Table 2). Left ventricular decompression 
caused a reduction in maximum left ventricular pressure 
rise from a control value of 2,370+ 74 mm Hg/sec to 
846 + 69 mm Hg/sec (P <.001), representing a 64% de- 
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crease. The pressure-time index per minute was reduced 
from a control value of 1,708 + 42 mm Hg/sec to 616 + 62 
mm Hg/sec (P <.001) during left ventricular decompres- 
sion, representing a 64% decrease. The left ventricular 
peak systolic pressure was reduced to 36.2 + 3.0 mm Hg 
during left ventricular decompression from a control value 
of 101.7+ 2.1 mm Hg (P <.001), representing a 65% de- 
crease. Coronary sinus flow fell from a control value of 
36.9 + 1.4 ml/min to 23.6 + 1.4 ml/min during left ventric- 
ular decompression, representing a 63.9% reduction 
(P <.001). 


COMMENT 


Cardiogenic shock due to pump failure has now emerged 
as the primary cause of mortality in patients hospitalized 
for acute myocardial infarction. The current method of 
circulatory assistance, the intra-aortic balloon, employed 
in patients with refractory cardiogenic shock is capable of 
improving the circulatory status of 75% of these patients.* 
However, the mortality of patients treated by intra-aortic 
balloon assistance remains in the range of 80%.* Thus, a 
substantial number of patients could benefit from a more 
aggressive form of mechanical circulatory assistance. A 
study undertaken by Page and his associates’ demon- 
strated that patients who have sustained a myocardial in- 
farction of the severity to cause cardiogenic shock had lost 
40% or more of their left ventricular muscle mass. It was 
concluded that cardiogenic shock is associated with exten- 
sive loss of left ventricular myocardium. Moreover, pa- 
tients with cardiogenic shock who died demonstrated mar- 
ginal extension of the recent infarction and focal areas of 
necrosis.’ 

Despite present measures performed to arrest the self- 
perpetuating circle of progressive, irreversible myocardial 
damage and cardiogenic shock, many patients die because 
too little viable myocardium remains. Studies performed 
by Cox and his associates!" have shown that the ischemic 
zone surrounding a necrotic infarction may continue to 
enlarge for up to ten hours after occlusion. Thus, any form 
of circulatory assistance must perform a twofold function. 
Circulatory assistance must aid the left ventricle in main- 
taining arterial pressure at a reasonable perfusion pres- 
sure for vital organ function. Circulatory assistance must 
also increase myocardial oxygen supply or deerease myo- 
cardial oxygen demands in order to effectively reduce 
myocardial injury. The counterpulsation mechanism of the 
intra-aortic balloon has been shown to effectively reduce 
the afterload of the left ventricle and MÝO,. "> Thus, a 
major determinate of MVO, is being affected, namely the 
pressure against which the left ventricle must work." In 
addition, the increased coronary flow provided by counter- 
pulsation may increase ischemic myocardial oxygen sup- 
ply through collaterals. However, counterpulsation re- 
quires a certain level of left ventricular function to be of 
benefit. 

It has become apparent that other methods of mechani- 
cal circulatory assistance are needed that can take over a 
larger percentage of the left ventricular work than is pos- 
sible with the intra-aortic balloon. Mechanical circulatory 
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assistance in the form of left heart bypass has evolved ex- 
perimentally as a useful form of mechanical circulatory 
assistance. The present study defines under what condi- 
tions left heart bypass takes over a substantial work load 
of the left ventricle. From Fig 3, it is demonstrated that 
the reduction of MVO, with increasing percentage of left 
heart bypass produces a nonlinear relationship. Maximum 
MVO, reduction is achieved with left ventricular decom- 
pression. Our decrease in MVO, of 50.7% from control val- 
ues during left ventricular decompression is compatible 
with values obtained by other experimenters.** 
Measures of left ventricular contractility, maximum 
left ventricular pressure rise, and pressure-time index 
demonstrated no significant difference from controls 
_ through 80% to 89% left heart bypass flow rates. Theoret- 
ically, therefore, the reduction of MVO, cannot be attrib- 
uted to a change in contractility until near total bypass is 
achieved. The mechanism by which reduction in left ven- 
tricular work is accomplished by left heart bypass appears 
to be through reduction of left atrial pressure to such a 
level that left ventricular filling is reduced or eliminated.’ 
‘It has been postulated that the reduction in volume load 
affects myocardial] wall tension through a reduction in the 
end diastolic volume, a determinant of the ventricular 
radius.*'® Tension (T) in the wall of the ventricle is a di- 
rect function of the intraventricular radius (r) and pres- 
sure (P), and inversely related to ventricular wall thick- 
ness (h), ie, T=Pr/2h (Laplace law), and that tension in 
the myocardial wall, rather than developed pressure, is a 
more definitive determinant of myocardial oxygen utiliza- 
tion.'’ Chiu and his associates'* recorded changes of the 
left ventricular epicardial fiber length during left heart 
bypass using high-speed cinematography and microscopic 
micrometry for measurements between markers on the 
epicardium. They demonstrated a 6.5% shortening of the 
end diastolic fiber length during total left heart bypass, 
and a shortening of end diastolic fiber length of 3% during 





50% left heart bypass. Such shortening may play a role in 
the reduction of left ventricular oxygen consumption on 
degrees of left heart bypass but is insufficient to reduce 
the pressure-time index." 

The hemodynamic effects of left ventricular decompres- 
sion have been presented in Table 1. Maximum benefit to 
the failing heart would be achieved with complete left 
ventricular decompression where myocardial oxygen con- 
sumption is reduced by 50%. Only when the left ventricle 
is decompressed do the indexes of pressure work of the 
ventricle significantly decrease (Table 2). Reduction of 
MVO, is a primary aim of left heart bypass. Maximal re- 
duction of left ventricular volume and pressure are ob- 
tained only with left ventricular decompression. 

Practical methods have been developed to bypass the 
ventricle without thoracotomy. Zwart and his associates" 
have developed a technique of transarterial cannulation of 
the left ventricle by way of the axillary artery. The 
method has been evaluated experimentally in induced car- 
diogenic shock in sheep, and left ventricular decompres- 
sion is maintained with improvement in the circulation. 

Prolonged left ventricular to aortic pumping with left 
ventricular decompression using a paracorporeal pump 
has been accomplished by Pierce and his associates” in 
calves. A synchronization unit permitted the pump to fill 
during cardiac systole and empty during cardiac diastole. 
The longest period of prolonged left ventricular decom- 
pression in which the aortic valve never opened lasted 
over one month. 

The reduction of MVO, as observed in this study can be 
expected to be beneficial to ischemic myocardium of those 
patients who require circulatory assistance in the form of 
left heart bypass. The greatest benefit is achieved with 
left ventricular decompression. 


This investigation was supported in part by Public Health Service re- 
search grant 5-RO1-HL 13426 and the Jane B. Barsumian Trust Fund. 
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DISCUSSION 


Dow R. MLLER, MD, Irvine, Calif: I have enjoyed this paper and 
I would like to vresent some confirmatory data in support of com- 
plete left ventricular decompression in reduction of myocardial 
oxygen consamption. 

Open ches: left heart bypass was done in dogs, removing blood 
at maximal flow by gravity from the left atrium and then at the 
same flow rates after advancing the cannula tip into the left ven- 
trice and pumping it back zo zhe femoral artery. 

Coronary sinas flow rates and oxygen tension were determined 
and oxygen corsumpzion cacu_ated. 


The coronary sinus flow rate at the control position prior to by-. 


pass, with the eannula positior ir the left atrium, then with the 
eannula position in tne left ventricle, and then back to control, 
showed a consicerable decrezse in left atrial level and an even fur- 
ther decrease im most dogs at che left ventricular position. 

The coronary sinus oxygen tension—at control, left atrial and 
left ventricular and back tc ccntrol—showed an increase in oxy- 
gen tension at zhe left atrial level and a further increase at the 
left ventricular level, where complete decompression was accom- 
plished. 

A combinatien of those data calculating oxygen utilization 
showed a considerable decrease in the oxygen utilization at the 
left atrial cananı la position and a further decrease at the left ven- 
tricular level. 

The percentage decrease B almost identical with that Dr. Pen- 
nock and his co leagues reparted in their study. These data were 
nigh'y significant anc gave further evidence of increased effec- 
tiveness of cemolete left ventricu_ar bypass in support systems. 

EnGENE F. BERNSTEIN, MD. San Diego, Calif: I would also like to 
congratulate Dr Pennock and his associates on this important re- 
oort.of the influence cf graded degrees of left ventricular bypass 
and the importance of left ventricular decompression. Similar ex- 
periments in our laboratory have demonstrated salvage of is- 
ehemiec myocarcium under Greumstances not dissimilar to their 
results. 

Im eoopera*ioa with Medronic of Minneapolis, we have devel- 
eped a small centrifugal bloed pump that measures about 7.6 cm 
n its largest dimensicn and aas a very high pressure-flow capac- 
‘ty and a very lcw hemolysis rate. The pump is designed to be an 
extracorporeal left vertricular bypass pump, with retrograde can- 
nulation of the left vertricle ~hrough the axillary artery in man. 

It ss capable of removing al of the cardiac output. As the pump 
speed is increased, left ventricular pressure begins to decrease 
and ‘he left ventricular pressure can be maintained at any level 
the aperator desires. 

Theexperimeat we performed irvolved a model of left anterior 
descending ceronary artery occlusion in the dog, and measure- 
ments of the exent o? myocardial ischemia using the epicardial 
S-T map as an index ef the degree of ischemia. 

Using graded increments of pump support, eventually to the 
point where teta cardiac output was controlled, the left ventricu- 
lar ppessure began to decrease. There was a gradual and step-wise 
cecrease in the extent of myoeardial ischemia as measured by this 
technique. 

Extracorporea. bypass appears to be a very powerful tool in the 
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temporary treatment of the ischemic myocardium, and it clearly 
offers a greater degree of cardiac support than the intra-aortic 
balloon. It should be considered in the treatment of acute myocar- 
dial pump failure. Perhaps the development of simple and more 
powerful extracorporeal left ventricular bypass systems will in- 
crease the ease of application and likelihood of success. 

I would like to pose two questions to the authors. In view of the 
fact that the coronary sinus flow was decreased approximately 
36% at the time of left ventricular decompression, do you know 
whether the decrease in myocardial oxygen utilization was due to 
decreased demand or decreased supply? 

Second, do you have any data on the effect of the degree of de- — 
compression of the left ventricle on myocardial oxygen utilization? 

RONALD J. BAIRD, MD, Toronto: I have one question for the au- 
thors. It seems to me that your control value of approximately 4 
ml/100 gm of left ventricular muscle is somewhat low compared to 
what is in the literature for the average myocardial oxygen con- 
sumption. 

I wonder if you might comment on that? 

Dr. PENNOCK: I want to thank the discussants for their com- 
ments. To Dr. Baird’s question I can say that I was worried about 
the degree of myocardial oxygen consumption also when I first 
started calculating the results. However, with a left ventricle 
pumping at 100 beats per minute and generating a mean aortic 
pressure of 75 mm Hg, an oxygen consumption between 4 and 5 
ml/100 gm of left ventricle per minute is fairly consistent with 
values that have been obtained by Sarnoff and his group where 
they studied the relationship of aortic pressure versus myocardial 
oxygen consumption in dogs. 

Dr. Miller, two days ago I read your article in the Annals of 
Surgery (179:830, 1974), a rather startling thing to happen to a 
young investigator when he is going to present a similar study at 
a meeting and he is all ready to go. I advise all of you to read Dr. 
Miller’s work and I am very happy that our data confirms his. 

Dr. Bernstein, we have also studied S-T segment improvement 
during left ventricular bypass in a preparation very similar to the 
one presented in this paper. We added a small net that surrounded 
the dog’s heart and inserted 12 small silver chloride electrodes 
that were maintained very nicely on the epicardial surface with 
the net, and correlated decreasing myocardial oxygen consump- 
tion as bypass increased with S-T segment improvements, accord- 
ing to Maroko’s concept of using the average S-T segment eleva- 
tion as an index of ischemia. 

We found that there is a correlation between these two factors. 
However, there is a different correlation for ischemic zones or in- 
farcts of different sizes. At the conclusion of each experiment, we 
excised the left ventricle and used the nitro blue tetrazolium incu- 
bation technique to determine infarct size. The correlation differs 
as the size of infarction is increased. 

There is no question in my mind that a patient in cardiogenic 
shock who is developing an infarct the size of 30% to 40% of his 
left ventricular muscle mass will require marked left ventricular 
decompression for him to improve or salvage his myocardial is- 
chemic areas. 
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Mitral Valve Replacement 


Starr-Edwards Cloth-Covered Composite-Seat Prosthesis 
W. Baker Allen, MD; Robert B. Karp, MD; Nicholas T. Kouchoukos, MD 


One hundred thirty-nine patients had isolated mitral valve replace- 
ment with the Starr-Edwards model 6310-6320 prosthesis during a 
48-month period. The hospital mortality was 5% (seven patients). 
There have been 15 late deaths (11%) ina follow-up period that aver- 
aged 16.8 months. Ten patients (7%) had thromboembolic episodes, 
of which three were fatal. Twelve patients (9%) had complications 
related to anticoagulant therapy and four died. There have been no 
prosthetic infections or hemolytic complications requiring transfu- 
sion or removal of the prosthesis. Mechanical malfunction of the 
model 6320 prosthesis has not been observed. The improved oper- 


-~ ative mortality and the decline in the late mortality and in valve-re- 


lated complications with the model 6320 prosthesis suggest that 
valve replacement should be offered to symptomatic patients before 
substantial myocardial dysfunction has occurred. 


AN decision to replace the mitral valve in symp- 
tomatic patients in whom reconstructive procedures 
cannot be performed is based primarily on knowledge of 
the natural history of the valvular lesion untreated, on the 
risk of operation, and on the performance of the valvular 
prosthesis employed. This report outlines our experience 
with the Starr-Edwards model 6310-6320 cloth-covered 
composite-seat prosthesis for isolated mitral valve re- 
placement during a four-year period. The improved re- 
sults with this prosthesis as compared to previous models 
of the Starr-Edwards ball valve prosthesis in earlier peri- 
ods suggest that valve replacement should be considered 
in symptomatic patients before substantial clinical and 
hemodynamic deterioration occur. 
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MATERIALS AND METHODS 


One hundred thirty-nine patients had isolated replacement of 
the mitral valve in the University of Alabama Hosp:tal and the 
Birmingham Veterans Administration Hospital witk the Starr- 
Edwards model 6310-6320 prosthesis between J anuary 1970 and 
December 1973 (Table 1). This represents our entire experience 
with this prosthesis for isolated mitral valve replacement up to 
January 1974. There were 59 males and 80 females ranging in age 
from 7 to 74 years (mean age, 45 years). Sixteen patients had a to- 
tal of 21 previous cardiac surgical procedures (18 mitral commis- 
surotomies, three mitral valve replacements). The New York 
Heart Association Classification was used to assign a functional 
class to each patient before operation and at the date of last in- 
quiry. During this period, other prosthetic valves (Starr-Edwards 
models 6120 and 6300, the Braunwald-Cutter ball valve prosthesis, 
the Bjork-Shiley disk valve prosthesis, and preserved mounted 
heterografts) were also used for isolated mitral valve replacement 
in a smaller number of patients. 

The hemodynamic lesions were assessed by preoperative car- 
diac catheterization data or by the surgeon at the time of oper- 
ation. The 63 patients with mitral stenosis or combined stenosis 
and incompetence were presumed to have rheumatic valvular dis- 
ease. Twenty-two of the 76 patients with mitral incompetence had 
rheumatic valvular disease, 22 had myxomatous degeneration of 
the valve ("floppy valve syndrome”), 11 had ruptured chordae ten- 
dineae, eight had bacterial endocarditis, three had congenital mi- 
tral incompetence, and two had papillary muscle dysfunction sec- 
ondary to coronary artery disease. The cause of the valvular 
incompetence could not be determined in eight patients. 

All operations were performed through a median sternotomy 
incision. Cardiopulmonary bypass using a Bentley-Temtrol oxy- 
genator, moderate hemodilution, and flows of 2.0 to 22 li- 
ters/min/sq m was employed in all cases. In the first three years, 
moderate hypothermia (30 to 32 C [86.0 to 89.6 FJ; with inter- 
mittent clamping of the aorta for one to three 15-minute periods 
followed by three minutes of coronary perfusion was employed 
while the valve was inserted. Ventricular fibrillation was avoided. 
In the last year, myocardial cooling (water bath temperature 
taken to 12 C [53.6 F] for two minutes) followed by clamping of 
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Fig 1.—Cumulative survival rate following isolated mitral valve re- 
placement. 
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Fig 3.—Cumulative percentage of patients free of thromboem- 
bolic episodes follomng iselated mitral valve replacement. Pa- 
tients were withdrawn from analysis following an embolic episode. 


the aorta for a single period of up to 40 minutes was used, with 
defibrillation fcllowing remeva. of the aortic clamp and rewarm- 
ing of the heart. Simple interrupted sutures or horizontal mat- 
tress sutures w th bolsters cf Teflon felt were used to suture the 
prosthesis tc the anulus. Inotropic support of the myocardium 
with epinephrine was used in most cases during the discontinua- 
tion of cardiepu monary bypass. and mean left atrial pressure was 
generally maintained in the range of 15 to 18 mm Hg. Tricuspid 
annuloplasty wes not serformed in any patient. The size 2M pros- 
thesis wasused in 24 patients, the 3M in 72 patients, and the 4M in 
43 patients. 

Anticoagulation with warfarin sodium was begun on the second 
posteperative day except in eight children and young adults under 
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Fig 2.—Cumulative survival rates following isolated mitral valve 
replacement according to preoperative functional class. 


Table 1.—Characteristics of Patients 


No. of Patients 


Sex 
Male 59 
Female 80 


Functional Class* 
| 


I 
Hl 
IV 


Hemodynamic lesion 
Mitral stenosis 
Mitral incompetence 
Combined 





* New York Heart Association Classification. 


18 years of age, and in four adults in whom the use of warfarin 
derivatives was believed to be hazardous. Digitalis and diuretic 
therapy were employed when indicated. 

Follow-up information was obtained by examination by the sur- 
gical staff or the referring physicians, or by questionnaire and 
phone contact with the patients. The date of last inquiry was May 
1, 1974. No patient was lost to follow-up one month following oper- 
ation. The mean duration of follow-up was 16.8 months and 
ranged from 4 to 46 months. Survival rate and incidence of throm- 
boembolism were determined by the life table method.' Statistical 
analysis of the qualitative data was performed using the chi- 
square test. 


RESULTS 
Hospital Mortality 


There were seven hospital deaths (5%). Five patients 
died from low cardiac output two to 32 days following op- 
eration. Ventricular fibrillation was the terminal event in 
each case. Two patients died on the fourth postoperative 
day following massive cerebral embolization. In one of 
these patients embolization was preceded by an episode of 
atrial fibrillation. The model 6310 prosthesis was used in 
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both of these patients. The hospital mortality, according 
to the preoperative functional class and the hemodynamic 
lesion, is shown in Table 2. The difference in the operative 
mortality between the patients in functional class III and 
IV was statistically significant (P <.02). There were no 
statistically significant differences in operative mortality 
among the groups of patients with the three hemodynam- 
ic lesions. 


Late Mortality 


There were 15 late deaths (11%) from six weeks to 15 
months following operation (Table 3). Massive thrombosis 
of the prosthesis occurred in two patients two and 11 








Table 2.—Hospital Mortality According to Preoperative 
Functional Class and Hemodynamic Lesion 


a a 
Hospital Deaths 
No. of 


Patients No. % 








Functional class* 







Hemodynamic lesion 
Stenosis 26 1 
Incompetence 
Combined 







* New York Heart Association Classification. 





Fig 4.—Prosthetic valve recovered 11 months postoperatively in patient who died of myocardial failure. Left, Atrial surface of valve showing 
minimal cloth wear and moderate fibrous ingrowth. Right, Ventricular surface of valve showing no disruption of cloth on struts and some fi- 


brous ingrowth. 


Fig 5.—Prosthetic valve recovered 12 months postoperatively in patient following fatal intracerebral hemorrha ge. Left, Moderate cloth wear 


at orifice. Right, No strut-cloth wear and minimal fibrous ingrowth. 
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Fig 6.—Preoperative and pcstoperative functional New York Heart 
Association (NYA) classification for 139 patients. 


months postoperatively. Both of these patients had the 
model 6310 prosthesis end both were receiving anti- 
coagulant therapy. One patiert died of a cerebral embo- 
lism two months fcllowing operation. Her anticoagulant 
therapy was adequate at the time of death. One patient 
died following operation to repair a periprosthetic leak 50 
days postoperatively. Three patients died of a cerebral 
hemorrhage, cne o? gastrointestinal tract hemorrhage, 
one of hepatic failure, one o? cirrhosis, one of pneumonia, 
and one cf myocardial failure. The cause of death could 
not be determined in three patients. The cumulative sur- 
vival rate for all patients is shown in Fig 1. The cumula- 
tive survival rates for the preoperative functional class II 
and IV patients are showr in Fig 2. The differences in sur- 
vival between these groups were significantly different at 
and beyond two months (P <.05). 


Valve-Related Complications 


Thrombeembolism.—Ten patients (7%) had throm- 
beembolic episodes that occurred from four days to 20 
months after operation. Six of the episodes occurred in the 
first 12 manths after operation and three of these were in 
the early postoperative period. The other four occurred 14, 
17 (two patiencs), and 20 months after operation. Three 
patients died and three had residual neurological deficits. 
All but one of the ten patients were receiving anti- 
coagulant therapy. The percentage of patients free of 
thromboembolic episodes in the follow-up period is shown 
in Fig 3. 

_ Anficoagulant Therapy.—Complications related to anti- 
ceagulant therapy occurred in 12 of the 127 patients (9.4%) 
receiving warfarin derivatives: cerebral hemorrhage, 
three (all fatal; gastrointestinal tract hemorrhage, three 
(one fatal); kypermenorrhea, one; hemarthrosis, one; ex- 
cessive anticoagulation requiring hospitalization, four. 

Hemolysis._No patient required reoperation for hemo- 
lysis. Anemia severe enough to require transfusion has 
net been observed. Oral administration of iron and folic 
acid has been wed in a smal. number of patients. 

Periprosthetic Leak.—One patient required reoperation 
for a periprosthatic leak 50 days following the initial oper- 
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Table 3.—Causes of Late Death Following Mitral Valve 
Replacement With Starr-Edwards Model 
6310-6320 Prosthesis 


No. of % of 

Cause of Death Patients Total 

Related to prosthetic valve 2.9 
Thrombosis of valve 2 
Embolization 1 
Periprosthetic leak 1 

Related to anticoagulant therapy 2.9 
Intracerebral hemorrhage 3 
Gastrointestinal tract hemorrhage 1 

Other 5.0 
Acute hepatic failure 1 
Cirrhosis 1 
Pneumonia 1 
Myocardial failure 1 
Unknown 3 
Total 5 


ation. He died of diffuse uncontrollable bleeding from ex- 
tensive pericardial adhesions. 

Prosthetic Endocarditis.—There were no prosthetic valvu- 
lar infections. 

Mechanical Failure.—No patient has required reopera- 
tion for mechanical failure of the prosthesis. The pros- 
thetic valves of two patients dying of myocardial failure 
and cerebral hemorrhage 11 and 12 months after oper- 
ation are shown in Fig 4 and 5. The valves were well 
seated and no thrombus was noted on the valve or in the 
left atrium. Slight disruption of the cloth at the valve ori- 
fice and fibrous tissue ingrowth at the orifice and on the 
struts were noted in both valves. There was no disruption 
of the cloth on the struts of either valve. 


Symptomatic Improvement 


The New York Heart Association functional class of the 
139 patients preoperatively and of 129 survivors is shown 
in Fig 6. One hundred twenty-four of the 129 patients 
(96%) were functional class I or II at the time of the last 
follow-up (36 class I, 88 class IT). 


COMMENT 


The hospital mortality of 5% in this series is appreciably 
lower than that observed in an earlier and slightly over- 
lapping period in which the earlier models of the Starr- 
Edwards ball valve prosthesis were used.* A substantial 
reduction in mortality occurred in patients with mitral in- 
competence (19% for the earlier period, 5% for the present 
series) and to a lesser degree in patients with mixed le- 
sions (11% vs 5%). There was no substantial reduction in 
mortality in patients with mitral stenosis. Two of the 
seven hospital deaths in the present series were probably 
related to malfunction of the close-clearance model 6310 
prosthesis, a complication that has been previously re- 
ported.’ The other five deaths were due to low cardiac out- 
put and occurred in patients who had severe cardiac de- 
compensation preoperatively. 

Several factors have contributed to the reduction in hos- 
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pital mortality. In recent years, operation has been recom- 
mended more often in patients before substantial clinical 
and hemodynamic deterioration have occurred, partic- 
ularly in those patients with mitral regurgitation. 
Pharmacologic support of the myocardium with inotropic 
drugs such as epinephrine and isoproterenol hydrochloride 
has been employed routinely as cardiopulmonary bypass is 
discontinued. We routinely measure cardiac output early 
postoperatively in patients having mitral valve replace- 
ment using the indicator dilution technique and utilize 
inotropic drugs if the cardiac index is below 1.8 to 2.0 li- 
ters/min/sq m. We have avoided high mean left atrial and 
left ventricular filling pressures, particularly when they 
are associated with high arterial pressure (ie, increased 
impedance to ejection or afterload). In such patients, at- 
tempts are made to reduce arterial and left atrial pres- 
sures with vasodilating agents such as trimethaphan cam- 
sylate (Arfonad) or sodium _ nitroprusside.‘ These 
impedance-reducing drugs increase cardiac output, de- 
crease left ventricular stroke work and myocardial oxygen 
consumption,‘ and may improve subendocardial myocar- 
dial perfusion in patients with severely impaired left ven- 
tricular function. Digitalis and pacing have been used 
when necessary to achieve optimal heart rate. 

The significant difference in operative mortality be- 
tween patients in functional class III and IV in this series 
has been noted by others** and emphasizes the advis- 
ability of operation in patients with mitral valve disease, 
particularly mitral incompetence, before the hemodynam- 
ic derangements associated with the valvular disease be- 
come severe. Experimental’ and clinical studies'’'' have 
shown that chronic mitral regurgitation is associated with 
impairment of left ventricular contractility and that, in 
the experimental animal! at least, this is responsible for 
further hemodynamic deterioration following elimination 
of the mitral regurgitation.’ 

The 15 late deaths in this series occurred from a variety 


of causes (Table 3). Four deaths were related to the pros- 
thetic valve and four to the anticoagulant therapy. Two of 
the valve-related deaths occurred in patients receiving the 
model 6310 prosthesis and extensive thrombosis about the 
prosthesis was noted at autopsy. This incidence of valve- 
related complications is similar to that reported by Bon- 
chek et al.!? The decline in the incidence of thromboembo- 
lic complications with this prosthesis as compared to the 
earlier models of the Starr-Edwards ball valve prosthesis 
reported by Isom et al'* and Anderson et al'* was also ob- 
served in the present series. Anticoagulation with warfa- 
rin derivatives remains a substantial cause of postopera- 
tive mortality and morbidity and continues to be a major 
limitation to the use of prosthetic valves in the mitral pe- 
sition. Late postoperative hemodynamic studies were not 
performed routinely in our patients. Previous reports by 
Winter et alè and Russell et al' indicate that the he- 
modynamic function of the model 6310-6320 prosthesis is 
comparable to the non-cloth-covered Starr-Edwards ball 
valve prosthesis. 

The improved early and late results with the use of the 
model 6320 prosthesis and the significantly lower mortal- 
ity in the functional class II and III patients as compared 
to the functional class IV patients suggest that operation 
should be advised in patients with mitral valvular disease 
before irreversible hemodynamic changes have oc- 
curred.?"2'* Confirmation of this hypothesis awaits the 
development of techniques to more accurately detect im- 
paired cardiac performance preoperatively and post- 
operatively than are presently available. 


This investigation was supported in part by Public Health Service grant 
HE-11310. 

John W. Kirklin, MD, and Albert D. Pacifico, MD, allowed us to include 
patients operated on by them. 

Eugene H. Blackstone, MD, assisted with the statistical analyses. 
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DISCUSSION 


GEORGE J. WITTENSTEIN MD, Santa Barbara, Calif: I rise only 
toemphaswe what Jas been stated before: the ideal valve has yet 
to be perfected. Within the course of a few weeks my colleague, 
Edward Jahnke, MD, anc I had the opportunity to replace two 
6320 Starr-Eewards valves, one an aortic, one a tricuspid, that 
were completely thrombosed. 

Both patierts were on anticoagulant therapy; there was no in- 
fection. The granulation “issue went all the way up the struts. 
This valve. incidentally, was implanted by Dr. Starr. 

PHILLIP SAWYER, MD, Brooklyn, NY: I have been tempted not to 
rise again in tthe face of Dr. Wittenstein’s comment. One of the 
principal mot vations in the production of a totally cloth-covered 
prosthesis is the presumption that these prostheses will trap a 
thin layer of thrombus in the cloth interstices, thus passivating 
the underlying metal surface, so that ultimately no thrombus of 
large thickness or great amount will form on the surface of the 
valve to ermbelize downstream. 

This may be poss ble. TLe situation, however, has two inherent 
dangers. One is thet the ~hrombus may not be trapped. It may 
grow across tae valve orifice or may display onion-ring growth on 
the struts -hat Dr. Witterstein just showed to us. 

We have some slices tha- show some of these problems in 10,000 
magnification. 

One shows a cloth-covered Starr-Edwards valve, and it is of in- 
terest that the cloth that i. used to cover these valves is itself in- 
herently dirty. This is possibly not of great importance as it is on 
naked valves “hat have fingerprints put on them by the operating 
team, but, again, it preserts something of an inherent danger. 

After autoclaving, X50 magnification, and X 10,000 magnifi- 
cation, dirt eucrustations can be seen on the Dacron cloth cov- 
ering. This caa be icentifiel absolutely by using an electron beam 
spectograp.1, which shows zhe atomic structure of the dirt on the 
surface of the valve or the 2loch and, in this instance, magnesium, 
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aluminum, silicone, and so on, as well as tale from the hand of. 
some person who handled the valve to admire the beauty. 





We examined an animal prosthesis implanted for eight months — 


in the tricuspid area. It is a classic example of what can happen to 
these. We now have about ten valves of the cloth-covered type 


that we have looked at using identical techniques that were im- — 


planted in humans for periods up to two years, and I soon hope to 
have a statistical series of these in which there is onion-peel over- 


growth on the surfaces of the struts, which was shown both by — 


the group from Birmingham and by Dr. Wittenstein. 
Unfortunately I forgot to bring the slide that, using classical 


electron microscopy, shows the layers that look like tree bark or 


tree rings, illustrating the recurrent deposition of thrombus on 
the cloth, then a layer of abnormal collagen deposited on the pre- 
viously fibrous cloth, then more platelets, then more thrombus, 
then more abnormal collagen, then more platelets, and so on, until 
the valve occluded. Using a scanning electromicrograph you can- 
not see the layers but you can see the top layer of platelets redepo- 


siting on a previously cured layer of thrombus with abnormal fi- — 


broblasts and another layer of collagen and platelets starting to — 
adhere to the collagen. Microfibrilli of organizing fibroblasts orga- _ 
nizing the latest layer of thrombus deposited on one of these — 


struts at X 10,000 times are also visible. 
The burden of this message is: all that glitters is not gold. 


Dr. Koucxouxos: I would like to thank Drs. Wittenstein and — 
Sawyer for their comments. We do not wish to imply that this rep- — 


resents the ideal prosthesis for mitral valve replacement, but only 
to describe its performance in 139 patients. 


We do, however, believe that as newer and improved valves of - 


all types are developed and the incidence of valve-related compli- 


cations decreases, earlier operative intervention should further — 
decrease the operative mortality and improve long-term survival. | 
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Myocardial Scanning in Patients 


Undergoing Coronary Bypass Surgery 


Benedict A. Termini, MD; Leonard Scherlis, MD; Robert T, Singleton, MD; 


Joseph S. McLaughlin, MD; Malcolm Cooper, MD 


Potassium chloride K 43 is a recently introduced radiophar- 
maceutical for myocardial imaging. Following intravenous injec- 
tion, it is taken up by the functioning myocardial cell mass, revealing 
areas of ischemia, infarction, and fibrosis as regional defects on the 
myocardial scan. Studies following exercise have shown scan defects 
not present at rest, thus identifying ischemic myocardial regions. 

In 12 patients undergoing operation for coronary artery disease, 
myocardial scans were obtained at rest or after exercise during the 
preoperative phase, and compared with the results obtained from 
coronary cineangiography. Postoperative studies were done within 
one to 26 days after coronary bypass surgery. Those with an abnor- 
mal resting preoperative myocardial scan appear to be a high-risk 
group. 

Myocardial scanning with potassium chloride K 43 is a promising 
method of evaluating coronary bypass patients. It does not require 
cardiac catheterization, can be performed as an outpatient proce- 
dure, and should prove of value in follow-up studies. 


yocardial scanning with the radiopharmaceuti- 

cal potassium chloride K 43 is a recently developed 
procedure that provides an image of the functioning myo- 
cardial cell mass.'* The physical half-life of potassium 
chloride K 43 is 22.4 hours. There are no reported side ef- 
fects following the injection of potassium chloride K 43 
and no contraindications to its use. Following intravenous 
injection, it merges completely with the body pool of po- 
tassium. It has been shown experimentally that 70% of the 
radioactive tracer is cleared from the coronary artery 
blood by the myocardium at each passage, and myocardial 
plateau levels reached within three minutes. Its uptake by 
the myocardium thus becomes a function of the distribu- 
tion of blood flow to different regions.‘ There is a slow 
clearance of the tracer, which washes out of the myocar- 
dium over a period of several hours; hence, the best results 
have been obtained when scanning is done within a few 
minutes following injection.’ Recent work suggests that 
myocardial scanning after exercise may be a means of 
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identifying areas of regional ischemia not always evident 
at rest.’ The present report details our initial clinical ex- 
perience at the University of Maryland Hospital, eval- 
uating myocardial imaging with potassium chloride K 43 
in preoperative and postoperative patients who have un- 
dergone surgery for coronary artery disease. 


METHODS 


Forty-five studies were performed on 21 patients with sus- 
pected coronary heart disease, and 12 of these patients proceeded 
to surgery. 

Saphenous vein bypass procedures were attempted in all cases; 
six patients had single vessels bypassed, while four patients had 
double procedures. In two cases, both with substantial three-ves- 
sel disease, the coronary arteries were found to be inoperable at 
surgery. 

Preoperative evaluation consisted of resting and exercise elec- 
trocardiograms, phonocardiogram, vectorcardiogram, and selec- 
tive right and left coronary cineangiography with ventriculog- 
raphy, performed via retrograde aortic catheterization. All 
coronary arteries were visualized in multiple projections. Greater 
than 70% occlusion of a coronary artery was considered to be 
hemodynamically significant. 

Preoperative myocardial scans were performed on all 12 pa- 
tients. Six were studied at rest, five had both resting and exercise 
scans, and one patient was studied with exercise only. Postopera- 
tively all studies were done at rest, and were performed one to 26 
days (average, 6.4 days) after surgery. In three cases, multiple 
postoperative scans were done at intervals of one week. In three 
patients, postoperative studies were not obtained because the pa- 
tients died during or immediately following surgery. All patients 
were injected in the upright position in an antecubital vein, with 
the exception of patients in the immediate postoperative period 
who were unable to assume the erect position and were injected 
supine. Carrier-free potassium chloride K 43 was used in each 
study, varying in amount from 1.00 to 1.25 millicuries (mean, 1.10 
millicuries). 

Myocardial scans were begun within three to five minutes of in- 
jection using a rectilinear scanner with a 12.7-cm crystal diame- 
ter and a high-energy focusing collimator (550 kev). The spec- 
trometer was set to detect gamma emission in the range of 345 to 
405 kev. Anterior and left anterior oblique scan views were ob- 
tained with a 2:1 minification, an information density of 800 
counts/sq cm, and 30% contrast enhancement. The average scan- 
ning time was nine minutes for each view. Scans were interpreted 
by one of the authors (M. C.) who was unaware of the patients’ 
clinical history or the results of cardiac catheterization. 

Exercise testing was performed according to the standards of 
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LC; LV normal 


LV normal 


Case Age 
No. yr Catheterization 
3 47 Occeluced RCA, LCA; 
good cc'laterals to 
RC; LV sorma 
4 52 Occluded LAD; good 
collaterals; LV pres- 
sure rise decreased 
5 33 Occluded ECA with col- 
laterals; LV normal 
10 41 Occluded BAD, LCA; 
good collaterals to 
11 42 Occluded LAD, ROA; 
good collatera s; 
12 3 Substantia three- 


vessel dseese; 
LV dyskinesia 


Table 1.—Patients With Normal Preoperative Scan* 


Surgical 
Procedure 
Bypass RCA and LCA 


Preoperative 
43K Scan 
Normal at rest; infe- 
rior and apical de- 
fect with exercise 


Normal with exercise Bypass LAD 

Normal at rest RCA endarterectomy 
and bypass 

Normal at rest Bypass LAD 


Normal with rest 
and exercise 


Bypass LAD; RCA 
inoperable 


Normal at rest; infe- 
rior and apical de- 
fects with exercise 


All coronary arteries 
inoperable; Vine- 
berg procedure 
performed 


Clinical Status 


Postoperative 
43K Scan Following Surgery 
Abnormal Asymptomatic at 6-mo 
(patchy non- follow-up; no medications 
homogene- 
ous defects) 
Normal Asymptomatic at 6-mo 
follow-up 
Normal Asymptomatic at 6-mo 
follow-up; no medications 
Normal Asymptomatic at 6-week 
follow-up 
Normal Asymptomatic at 5-week 
follow-up 
Normal Asymptomatic at 4-week 


follow-up 


* Preoperative and postope-ative patient data. All coronary artery occlusions were 70% or greater. Left anterior descending coronary artery, 
LAD; left circumfiex artery, LCA; right coronary artery, RCA; left ventricle, LV. 





Table 2.—Patients With Abnormal Preoperative Scan* 





Case Age, Preoperative Surgical Postoperative Clinical Status 
No. y” Catheterzation 43K Scan Procedure 43K Scan Following Surgery 

2 45 Occluded LAD; LV Apical-anterior Bypass LAD Normal Asymptomatic at 6-mo fol- 
normal defect at rest low-up; no medication 

6 58 Occluded LaD anc Apical-inferior RCA endarterectomy Apical-inferior Postoperative hepatitis; no 
RCA; LV morma! defect at rest and bypass RCA, defect (un- cardiac symptoms at 4- 

LAD changed from mo follow-up 
preoperative) 

7 54 Occluded RCA, LAD; Inferior defect at RCA endarterectomy Died during surgery (intrac- 
LV enlarged wit rest and bypass LAD, table verticular fibrilla- 
dyskinesi RCA tion) 

8 5E Significant tree- Anterior, inferior, Aortic valve re- Died in immediate postoper- 
vessel disease; and apical defects placed; all coro- ative period (uncontrolla- 
aortic stenosis and at rest and with nary arteries in- ble hemorrhage) 
insufficiency exercise operable 

9 67 Occluded RCA, LAD; Anteroseptal- Bypass RCA; pli- Died in immediate postoper- 
LV aneurysm apical defect at cation of LV ative period (shock) 

rest aneurysm; LAD 
inoperable 
1 50 Occluded RGA, LCA; Inferior and apical Bypass RCA and Normal Died 4 mo póstoperative 


defect at rest 


LV norma; no 
collaterals 


LCA 






(studied twice) (oat cell carcinoma); 
RCA bypass patent; LCA 


bypass occluded 


* Preoperative and postoperetive patient data. All coronary artery occlusions were 70% or greater. Left anterior descending coronary artery, 
LAD: left circumflex artery, LCA; right coronary artery, RCA; left ventricle, LV. 


the American Heart Association, using a series of three-minute 
stages of exercise performed at increasing treadmill speeds and 
grades. Patien:s were exercised until excessive fatigue, angina, or 
attainment of submaximal (98%) heart rate occurred. Potassium 
chloride K 48 was given intravenously at the peak of exercise per- 
fermance, and the exercise was continued for 30 seconds following 
irjection. No adverse effects resulted from this procedure. Imme- 
diately following the exercise testing, patients were scanned ac- 
carding to the precedure outlinec above. 


RESULTS 


Figure J illustrates the characteristic features of the 
nermal “K myocardial scaa and an abnormal result with 
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an exercise test (case 3). Figure 2 shows the preoperative 
and postoperative scans from case 1, demonstrating post- 
surgical improvement in myocardial perfusion. 

Three patients died, either at surgery or in the im- 
mediate postoperative period, and one patient died four 
months after surgery of unrelated causes. All of the re- 
maining patients are asymptomatic after follow-up pe- 
riods ranging from four weeks to eight months. No in- 
formation is available concerning bypass graft patency, 
except in the one patient (case 1) who died of an unrelated 
cause and in whom one of two grafts was patent at au- 
topsy. 
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Fig 1.—Case 3 with normal anterior view (ANT) and left anterior 
oblique (LAO) view myocardial scans at rest (left) and abnormal 
exercise study (right). Relative decrease in potassium chloride K 43 
uptake in ischemic zones is shown in anteroinferior region of myo- 
cardium (B) and posteroapical region (D). 


Six patients had normal myocardial scans at rest or fol- 
lowing exercise (Table 1 and Fig 3). Left ventricular func- 
tion was normal in four, and good collateral flow was dem- 
onstrated at cineangiography in five. The sixth patient 
(case 12) with a normal resting myocardial scan had se- 
vere three-vessel disease with left ventricular dyskinesis, 
but on exercise scan defects were apparent apically and 
inferiorly. 

Surgically, these patients did well, and normal postoper- 
ative resting scans have been obtained in five of the six 
patients. In the sixth patient (case 3), an abnormal scan 
postoperatively was obtained within three days of oper- 
ation. In this patient, it was clinically suspected that myo- 
cardial infarction had occurred. The patient was clinically 
asymptomatic at a six-month follow-up evaluation. 

Six patients had abnormal resting myocardial scans 
(Table 2 and Fig 4). Five of these patients had at least two 
vessels showing greater than 70% occlusion by coronary 
arteriography. In addition, collateral flow was either poor 
or absent or left ventricular function was impaired. Three 
of these patients died during surgery or in the immediate 
postoperative period (cases 7, 8, and 9). In the surviving 
three patients in this group with abnormal preoperative 
resting scans, two (cases 1 and 2) had normal postopera- 
tive scans; in the third (case 6), the preoperative and post- 
operative scans showed no substantial difference. 
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Fig 2.—Preoperative (top) and postoperative (bottom) anteriar 
view (ANT) and left anterior oblique (LAO) view myocardial scans 
from case 1. Increased perfusion after bypass is demonstrated by 
more homogenous distribution of radioactive pharmaceutical prepa- 
ration uptake throughout left ventricular mass (C and D). 








e RS a, 
Fig 3.—Normal preoperative anterior view myocardial scans in six 
patients. Central cold areas represent left ventricular cavity. 


Fig 4.—Abnormal preoperative anterior view myocardial scans in 
six patients. In addition to central cold area of left ventricular cav- 
ity, clear-cut defects are evident in myocardium in each case. 
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Five of the 12 patieats were evaluated with preopera- 
tive exereis studies. Two of these patients (cases 3 and 
12) had normal resting scans but abnormal exercise stud- 
ies; one pat ent (case & had abnormalities on both scans; 
one patient (case 11) showed no abnormalities on either 
study; and n one case no resting study was performed. 
Thus, a normal resting scar did not predict whether the 
exercise study would de normal or abnormal. Further- 
more, an abnormal exercise study did not give indication 
of operative difficulty s:nce two of the three patients with 
abnormal s:udies on exercise had excellent surgical re- 
sults. The resting study in each was normal. The remain- 
ing patieat (case 8) wich abnormal scan both at rest and 
on exercise was inoperable and died at surgery. 


COMMENT 


The use ef pozassium chloride K 43 as a myocardial 
scanning agent for assessment of regional perfusion was 
first demenstrated by Gooper et al and Hurley et al in 1970 
to 1971.'* Strauss et al and Zaret et al evaluated the tech- 
nique anc found ischemic areas were more easily seen in 
patients wich coronary artery disease if the myocardial 
scan was Derformed in conjunction with submaximal exer- 
cise testi g. They were able zo show the presence of perfu- 
sion defeets on the myocardial scan that correlated with 
the appearance of ischemic S-T segments on the ECG fol- 
lowing exerzise.*® 

Several groups of investigators have used potassium 
chloride E 4 scanning in the postoperative evaluation of 
aortocorenary bypass procedures with equivocal results. 
Bennett et al evaluated eight patients who underwent 
saphenous wein bypass or internal mammary artery im- 
plantation and reportec that a comparison of resting pre- 
operative and postoperative scans demonstrated improved 
perfusion in the immed _ate postoperative period with con- 
tinued improvement ir the scan appearance up to eight 
months fdlcwing surgery.’ Botti et al also evaluated myo- 
cardial perfusion at res and were able to demonstrate in- 
creased myocardial per*usion after bypass surgery.* They 
noted that some of their patients with severe coronary ar- 
tery disease had rorma. resting myocardial scans. Zaret et 
al reported zhat the comparison of preoperative and post- 
operative resting scans frequently shows no change but, 
in their small series of patients when the exercise studies 
were compared, substantial degrees of improvement could 
be demonstrated following bypass surgery.’ 

On the basis of the past four years’ clinical experience 
of investigacors from d fferent centers, it is reasonable to 
assume that a markedly abnormal resting **K myocardial 
scan indieates severe myocardial disease.’ In patients 
without angina az rest or recent myocardial infarction, it 
is highly probable tha. the abnormalities noted on the 
scan are due to nonfumtioning myocardial cells that are 
fibrotic or ir process of becoming fibrotic. This study sug- 
gests that these patients represent a high-risk group, with 
severe anc diffuse disease present in the coronary arteries. 
At operator, there mar be difficulty finding suitable ves- 
seis to whick the bypass grafts can be anastomosed. Con- 
versely, better results may be anticipated with suitable 
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anastomotic vessels available in those patients in whom 
normal resting scans are obtained or in whom scan abnor- 
malities are only revealed on the exercise study. 


A broad correlation exists between the sean findings 


and the severity of anatomical change, measured at angi- 
ography in terms of percent occlusion and number of ves- 
sels involved. It does appear, however, that the scan is a 
measure of the myocardial functioning cell mass and, as 
such, is an indicator of the extent to which collateral circu- 
lation is available to supply the myocardium in the pres- 
ence of major anatomic or structural changes in the coro- 
nary vessels. 

While the state of the art is uncertain in terms of selec- 
tion of patients for surgery, it would be of value to know 
what is the natural history of the disease in patients with 
normal rest and exercise **K studies who are not operated 
on. With more experience it will be possible to assess the 
full importance of the scan studies in relation to surgery, 
although it would be reasonable to assume that a normal 
scan both at rest and exercise is indicative of good collat- 
eral flow, which is maintained under stress. More data are 


needed with regard to exercise **K studies, since in this — 


small series an abnormal exercise study of itself does not 
distinguish the degree of severity of anatomic changes in 
the major coronary arteries as shown at arteriography 
with any greater certainty than the resting study. 

A most important finding is the high risk and operative 
mortality in the group of patients who had an abnormal 
**K myocardial scan at rest. These criteria will be better 
defined when larger studies that are currently in progress 
have been completed. Preliminary studies indicate that 
myocardial scanning appears to have a useful role in the 
preoperative assessment and postsurgical follow-up of pa- 
tients with coronary heart disease. 
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Ischemic Myocardial Injury 


With Aortic Valve Replacement 


and Coronary Bypass 


Stephen J. Rossiter, MD; Herbert N. Hultgren, MD; Jon C. Kosek, MD; 


Robert D. Wuerflein, MD; William W. Angell, MD 


The incidence of ischemic myocardial injury was ascertained in 43 


_ patients undergoing combined aortic valve replacement (AVR) and 
= coronary artery bypass grafts (CABG) and compared with the inci- 


dence in patients with only AVR or CABG. Correlation was made with 
aortic cross-clamp time, cross-clamp and fibrillation time, and left 
ventricular biopsy. Myocardial infarction occurred in 21% (nine of 


_ 44) of AVR and CABG patients, 7% (eight of 119) of AVR patients, 


and 14% (16 of 112) of CABG patients. All patients with aortic cross- 


= clamp times greater than 70 minutes or fibrillation times greater 


than two hours in the AVR and CABG group had myocardial injury. 


_ The hypertrophied ventricle is more susceptible to ischemic damage 


because of subendocardial hypoperfusion, especially in the fibrillat- 
ing heart during reperfusion. Cross-clamp times greater than 70 
minutes and fibrillation times greater than two hours should be 
avoided in AVR and CABG patients. 


Satis coronary atherosclerosis has been found 
in 7% to 21% of patients with rheumatic valve disease 
and in 50% of patients with aortic stenosis and angina 
pectoris.'’ With their frequent coexistence, concomitant 
surgical treatment of aortic valve disease and coronary 
arterial obstruction is often necessary. This report studies 
the incidence of intraoperative ischemic myocardial injury 
in patients undergoing simultaneous aortic valve replace- 
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ment (AVR) and coronary artery bypass graft (CABG). 
Operative mortality in this group of patients is reported 
to be as high as 85%. 


CLINICAL MATERIALS AND METHODS 


Forty-three patients underwent simultaneous AVR and CABG 
between January 1971 and April 1974.'* (One patient had aortic 
valvuloplasty and CABG.) Comparisons were made with 131 pa- 
tients having isolated AVR during the same time period, and 112 
patients having CABG alone. Table 1 indicates the number of 
grafts per patient in the CABG and AVR group, as eompared to 
the CABG group alone. 


Electrocardiograms 


Electrocardiograms were obtained daily from one day preopera- 
tively to three days postoperatively. Criteria for acute myocardial 
infarction were significant persistent Q waves or QS deflections 
associated with characteristic ST segment and T wav2 changes 
and elevated serum glutamic oxaloacetic transaminase (SGOT) 
and lactic dehydrogenase (LDH) levels. 

The criteria for acute ischemic injury included (1) flat ST seg- 
ment depression greater than 2 mm in left ventricular leads last- 
ing more than 48 hours, (2) deep T wave inversions persisting 
longer than 48 hours, and (3) serious ventricular arrhythmias 
(ventricular tachycardia or fibrillation) without other cause.'’ 

In the AVR and the AVR and CABG groups, ECG evidence of 
left ventricular hypertrophy was determined. Patients with bor- 
derline left ventricular hypertrophy and those with left bundle 
branch block were placed in an “indeterminate” group. 


Serum Enzymes 


Serum glutamic oxaloacetic transaminase (normal, 7 to 40 milli- 
units/ml) and LDH (normal, 100 to 250 milliunits/ml) levels were 
determined preoperatively and serially postoperatively on days 0, 
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1, 2, and 3. Previous experiere"’ suggested upper limits of normal 
n the postoperative period ta be 99 units for SGOT and 900 units 
for LDH. 


Pathologic Findings 


In selected petients, posti.chemic intraoperative left ventricu- 
ar biopsy examinaticns were performed and biopsy specimens 
were then studed by electron microscopy. When available, au- 
sopsy material was subjected to gross examination and light 
nicroscopy. 


Operative Technique 


Median sternotomy and cardiopulmonary bypass utilizing dis- 
posable bubb:e exygenators erimed with whole blood and lactated 
Ringer solution were employed in all patients. 

AYR and CABG.—Valves used included homografts, hetero- 
zrafts, Starr-Edwards, and 3melcff-Cutter prosthetic valves. In- 
terrupted 2-0 Tefion-eoated Dacron mattress sutures were used 
for valve placement. Profound local hypothermia with intraperi- 
-ardial instillation of 4 to 10°C (39.2 to 50.0 F) saline or moderate 
systemic hypothermia (28 to35 C [82.4 to 95.0 F]) was utilized for 
myocardial protection in 36 patients. Five patients had coronary 
>stial perfusion, and four pat-ents had coronary perfusion via 
CABG during AVR. The latter was accomplished either by cannu- 
lating the preximal end of æ vein graft with a separate coronary 
perfusion line or by completng the bypass and placing the aortic 
sross clamp proximal to the graft insertion site. 

AVR.—Valves used were tae same as above. Fourteen patients 
had coronary ostial perfusior. while in 117 profound local hypother- 
mia or moderate systemic hypothermia was employed. 

CABG.—Moderate systemic hypcthermia was used and coronary 
anastomoses were performee in a fibrillating or anoxic heart with 
3-0 polypropyleae suture. Aortic eross clamping and ventricular 
venting were used as necessary. Proximal anastomoses were per- 
formed with interrupted 5-) Tefion-coated Dacron suture. Re- 
zently all proximal anastomGes were done with the heart beating. 


FESULTS 
Mortality 


Table 2 lists the early and late mortality results for the 
various groups. 

AYR and CABG.—Deata in the AVR and CABG group 
was cardiac-related in five of six early instances. The sixth 
patient died cf cerebral schemia and a ruptured aortot- 
omy secondary to infection. Definite intraoperative myo- 
-ardial infaretion occurred in two of six patients and one 
patient had acute ischemx injury to the myocardium after 
= second AVE. The remeining patients were intraopera- 
tive deaths in high-risk patients who had ischemic injury 
added to severe congestive heart failure with a decompen- 
sated myocarcium. The two late deaths were non-cardiac- 
related. 

AYR.—Intraoperative myocardial infarction caused 
Jeath in foar of ten eariy deaths, while one patient had 
acute ischemie changes. ischemia was the likely factor in 


two of ten patients who died intraoperatively; one of - 


these patients was in extremis preoperatively and did not 
respond to resuscitative and operative efforts. Of the re- 
maining three deaths, one was caused by pacemaker fail- 
are after discharge. and two were from noncardiac causes. 
Cardiac disercers caused death in five of ten late deaths. 
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Table 1.—Number of Vessels Bypassed* 






CABG AVR + CABG 
Single graft 29% (32/112) 63% (27/43) 
Double graft 52% (58/112) 33% (14/43) 





19% (20/112) 4% (2/43) 


* Coronary artery bypass graft, CABG; aortic valve replacement, 
AVR. 


Triple graft 





Table 2.—Mortality* 





Operative Mortality 
(<30 Days 
Group No. Postoperatively) Late Mortality 
AVR + CABG 43 14% (6/43) 4.7% (2/43) 
AVR 131 7.6% (10/131) 7.6% (10/131) 
CABG 112 2.7% (3/112)t 6.2% (7/112) 


* Coronary artery bypass graft, CABG; aortic valve replacement, 
AVR. 
+ Mortality last 12 mo, 0.9%. 


The remaining five were of noncardiac or undetermined 
cause. 

CABG.—The three early deaths in this group were re- 
lated to myocardial ischemia; two patients had extensive 
intraoperative myocardial infarction, and one died in- 
traoperatively of left ventricular failure. There were 
seven late deaths, six of which were cardiac-related. 


Myocardial Infarction / Myocardial Ischemia 


Table 3 contains the incidence of myocardial infarction 
and acute ischemic injury in the three operative groups. 
The occurrence of myocardial injury in patients under- 
going combined AVR and CABG was approximately the 
sum of the incidence of injury with isolated AVR and the 
incidence with isolated CABG. 

In the AVR group, the incidence of myocardial infare- 
tion was identical, regardless of method of myocardial 
protection during aortic cross clamping. The incidence of 
acute ischemic injury in patients having coronary perfu- 
sion by cannulas, however, was two times greater than 
that in the hypothermia group (48% vs 23%). 

Postoperative enzyme elevations are depicted in Table 
4. All patients with perioperative infarction had elevated 
SGOT or LDH values or both, since this was required for 
diagnosis. Among patients with ECG evidence of acute is- 
chemic injury, elevated SGOT or LDH levels or both were 
found in 82% (14 of 17) in the AVR and CABG group, 50% 
(15 of 30) in the AVR group, and 39% (nine of 23) of the 
CABG group. 


Aortic Cross-Clamp Times, 
Fibrillation Times, 
Cardiopulmonary Bypass Times 


Table 5 compares aortic cross-clamp times, fibrillation 
times (ie, time of cross-clamp plus fibrillation), and cardio- 
pulmonary bypass times for the three groups. 

Correlation between aortic cross-clamp times, fibrilla- 
tion times, and incidence of ischemic myocardial injury is 
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Table 3.—Ischemic Myocardial Injury* 












Ischemia MI + Ischemia 












CABG 43 21% (9/43)t 42% (18/43)t 63% (27/43)4 
AVR 119 7% (8/119) 25% (30/119) 32% (38/119) 
CABG 112 14% (16/112) 22% (25/112) 36% (41/112) 


* Coronary artery bypass graft, CABG; aortic valve replacement, 























AVR; myocardial infarction, MI. 

T Statistically significant (P <.05) compared to AVR group; not 
statistically significant compared to CABG group. 

ł Statistically significant (P <.05) compared to CABG group and 
to AVR group. : 





Table 4.—Postoperative Enzyme Elevations* 





Elevated Elevated 








Group No. SGOT Levels LDH Levels 
AVR + CABG 43 71% (31/43) 53% (23/43) 
AVR 128 41% (52/128) 46% (59/128) 
CABG 112 34% (38/112) 26% (29/112) 








* Coronary artery bypass graft, CABG; aortic valve replacement, 
AVR. 





Table 5.—Aortic Cross-Clamp, F ibrillation, and 
Cardiopulmonary Bypass Times* 


Ln 


Cardio- 



















Aortic Fibrilla- pulmonary 
Cross-Clamp tion Time, Bypass 
Group No. Time, min min Time, min 
AVR + CABG 41 129 + 50 
Normal 49 +13 102 £ 28 
Myocardial 
infarction 64 + 24t 124 + 32t 
Ischemia 41=14T 83 + 28ł 










AVR§ 126 











Normal 48 = 12 6t S37 
Myocardial 

infarction 74+ 14|| 86 + 24]| 
Ischemia 50 = 15t 68 + 18T 





101+ 40 





* Coronary artery bypass graft, CABG; aortic valve replacement, 
AVR. 

T Not statistically significant. 

+ Compared to “normal” subgroup .10 > P <.05. 

§ Excludes aortic cross-clamp times of those with coronary perfu- 
sion. 

|| Statisically significant (P <.05) compared to ‘‘normal’’ subgroup. 


presented in Tables 6 and 7. In the AVR and CABG group, 
all patients with ischemia (cross-clamp) times of greater 
than 70 minutes and 88% with anoxia plus fibrillation 
times of greater than 120 minutes had acute myocardial 
infarction. Similar but less dramatic trends occurred in 


the AVR group. No such correlations were found in the 
CABG group. 


Left Ventricular Hypertrophy 


Electrocardiographic evidence of left ventricular hyper- 
trophy was present in 53% of the AVR and CABG group 
and 85% of the AVR group. No significant correlation be- 
tween ECG left ventricular hypertrophy and ischemic 
myocardial injury was found. 
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Fig 1.—Cross section of the left cardiac ventricle at autopsy. Note 
nearly circumferential hemorrhagic infarction of its inner half. 
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Fig 2.—Same heart as Fig 1; infarcted inner portion (lower half) 
(hematoxylin-eosin, x 100). 





Morphologic Findings 


Figures 1 and 2 demonstrate the gross and histologic 
findings in a patient who died of massive subendocardial 
necrosis after aortic valve replacement. Aortic cross- 
clamp time was 77 minutes, fibrillation time was 83 min- 
utes, and peak SGOT value was 1,320 units on day of 
surgery. 
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Fig 3.—Lett ventricle, biopsied 40 minutes after removing aortic 
ross clamp. Note swelling and pallor of intracellular spaces and 
mitochondrial matrix and smoothed nuclear membrane, (hema- 
toxylin-eosin > 15,000). 


Figure 3 d2monstrates the electron microscopical find- 
ngs in the same patient, revealing severe ischemic dam- 
age. Mark2d mitochondrial swelling with mitochondrial 
rupture and loss of nuclzar irregularity are seen. 

Figure 4 reveals the electron microscopical findings in a 
patient havimg aortic valve replacement with an aortic 
cross-clamp t me o? 40 m_nutes, fibrillation time of 67 min- 
ates, and a peak SGOT value of 61 units on day 1. The only 
changes are mild mitochondrial swelling indicative of re- 
versible isehemia. 


COMMENTS 


In this series of patients, no correlation was found be- 
tween incidence ef myocardial injury and presence of 
ECG left ventricular hypertrophy. It remains our clinical 
mpression, 2s wel as that of others, however, that the 
heart with substantial eoncentric hypertrophy is consid- 
srably more susceptible zo ischemic damage than the nor- 
mal heart. Probably our failure to adequately delineate 
those patients with severe left ventricular hypertrophy, 
and eur conscious efforts to minimize ischemia in those pa- 
-ients, account for the lack of correlation between left 
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Fig 4.—Left ventricle, biopsied after removing cross clamp, shows 
essentially normal mitochondria and nucleus, no intracellular 
edema (hematoxylin-eosin, Xx 15,000). 


ventricular hypertrophy and infarction. 

Tremendous variability exists among reports of early 
mortality in AVR and CABG patients, ranging from 0 to 
85%.*-" Assessment of perioperative myocardial infarction 
has been reported as 0,'* 6%,’ and 15%" in these patients. 
Estimates of ischemia comparable to this series are un- 
available, but low cardiac output resultant from ischemia 
or end-stage myocardial disease has been a frequent cause 
of death. 

The significance of perioperative myocardial infarction 
is undeniable. In our patients undergoing AVR and CABG 
and isolated AVR, 33% and 50%, respectively, of those hav- 
ing perioperative myocardial infarction died. Conversely, 
approximately 50% of early deaths were due to myocardial 
infarction. The importance of acute ischemic injury is less 
well determined; there is undoubtedly a continuum of se- 
verity, ranging from insignificant patches of myocardial 
damage to extensive subendocardial necrosis. The even- 
tual clinical condition of those surviving intraoperative is- 
chemic insult awaits further elucidation. 

Substantial reductions in mortality and morbidity can 
be gained by avoiding the ischemic myocardial damage. 
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P Table 6.—Correlation of Perioperative Myocardial Ischemia With Aort 
[ Aortic Myocardial Infarction or 
ome Operative Death Ischemia 

ime, 

min AVR + CABG AVRi CABG AVR + CABG AVRt CABG 
l <45} 17% (3/18) 0 15% (16/104) 44% (8/18) 21% (7/33) 26% (27/: 
B. 45 to 70§ 23% (3/13) 6% (4/68) 14% (1/7) 39% (5/13) 22% (15/68) 0 
k >70 100% || (5/5) 37% || (6/16) 0 50% (8/16) 


* Coronary artery bypass graft, CABG; aortic valve replacement, AVR. 
t Excludes patients with coronary perfusion and AVR. 

ł Less than 30 minutes in CABG group. 

§ Greater than 30 minutes in CABG group. 

|| Statistically significant (P <.05) compared to <45 minute group. 
T Not statistically significant. 


| Table 7.—Correlation of Perioperative Myocardial Ischemia With 


Myocardial Infarction or 


Fibrillation Operative Death Ischemia 

Time, 

min AVR + CABG AVR CABG AVR + CABG AVR CABG 
<100 0 5% (6/114) 14% (10/73) 52% (11/21) 24% (27/114) 28% (19/; 
100 to 120 43% (3/7) 50% (1/2) 10% (1/10) 14% (1/7) 0 0 
>120 88% t (7/8) 33% +ł (1/3) 13% ł (3/23) 12% (1/8) 33% (1/3) 31% (7/2: 


* Coronary artery bypass graft, CABG; aortic valve replacement, AVR. 
t Statistically significant compared to <100 minute group (P <.05). 


ł Not statisically significant compared to <100 minute group. 


The variety of methods used to protect myocardium, both 
clinically and experimentally, attests to their inadequa- 
cies. Most methods work well in the normal heart, with a 
limited anoxic insult. Difficulties arise, however, in the hy- 
pertrophied heart subjected to long anoxia times. Ander- 
son et al’s group? has achieved a 4% mortality by limiting 
ischemic intervals to 15 minutes, punctuated by three 
minutes of coronary perfusion, and by keeping the heart 
beating whenever feasible. Isom et al and Hottenrott et 
al” have provided theoretical bases for these techniques. 
The incidence of myocardial infarction was still 15%, how- 
ever. Continual coronary perfusion obviously falls short of 
physiologic perfusion. In our AVR patients with coronary 
perfusion, the incidence of myocardial infarction was 
identical to those treated with hypothermia, and acute is- 
chemic injury was more frequent with coronary perfusion. 
This relates to known decreased subendocardial perfusion 
in the fibrillating perfused hypertrophied heart." In addi- 
tion, mechanical injury and infarction due to coronary 
ostial cannulation are well known.'*-** 

Hypothermia, and especially profound local hypo- 
thermia, has been found to be of substantial value in pro- 
tecting the myocardium from ischemic injury. Griepp et 
al report that, using this technique, periods of aortic 
cross clamping up to 90 minutes are well tolerated by pa- 
tients undergoing AVR in terms of operative mortality. 
Our data suggest that, in patients undergoing AVR and 
CABG, and probably also in isolated AVR patients, aortic 
cross-clamp time should be less than 70 minutes and fibril- 
lation time (ie, anoxia plus fibrillation time) should be un- 
der two hours. Beyond these time limits, serious myocar- 
dial damage is likely to occur. For increased times, 
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perfusion of the beating heart should be used. 

The increased vulnerability of the hypertrophied ven- 
tricle to ischemic injury is most likely related to perfusion 
and reperfusion deficits. The subendocardium in the fibril- 
lating, hypertrophied heart is relatively hypoperfused. 
This pathological maldistribution of blood flow is probably 
exacerbated in the immediate postanoxic period. At this 
time, maximal dilation of subepicardial vessels serves to 
lower subepicardial vascular resistance, increasing flow to 
that area and further decreasing subendocardial flow. 
Progressive myocardial edema may, by external vascular 
compression, further endanger transmural perfusion. 


CONCLUSIONS 


Patients undergoing combined AVR and CABG are 
subject to increased risk of ischemic myocardial damage, 
compared to isolated AVR and isolated CABG patients. 

Risks of myocardial ischemia most closely relate to 
anoxia time and anoxia plus fibrillation time. Aortic cross- 
clamp times greater than 70 minutes and ventricular 
fibrillation plus cross-clamp times of greater than 120 
minutes should be avoided. 
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DISCUSSION 


Jonn E. ConnoLLy, MD, Irvine, Calif: I would like to compliment 
Dr. Rossiter on a very well presented paper, but this seems to be 
my afternoon to disagree with Dr. Angell. This is a subject that 
has been extensively discussed at many surgical meetings in re- 
cent years. My ideas on this subject are based on both laboratory 
experimentation employing the electron microscope and also on 
extensive clinical experience. I have come to the fairly strong con- 
clusion that the best way to protect the myocardium when oper- 
ating on the aortic valve is by bilateral continuous coronary artery 
perfusion. 

During coronary artery-saphenous vein bypass surgery where a 
nonbeating fibrillating heart is needed, I think that lecal clamping 
of the involved coronary artery is definitely preferable to aortic 
cross clamping. Further ischemic protection is provided by hy- 
pothermia of the myocardium with cold saline or slush. We ini- 
tially employed aortic clamping to provide a dry field, but I believe 
that this resulted in considerably more total myocardial ischemia 
than was desirable. 

I think that these two techniques of coronary perfusion and lo- 


cal coronary artery clamping have resulted in an insignificant in- — 


cidence of postoperative low cardiac output. I might also call to 
your attention that Dr. Stemmer of our group has recently de- 
vised a unique approach for aortic valve plus coronary bypass and 
that is to cannulate the ascending aorta, cross clamp it, and then, 
with a separate perfusion apparatus, cool the heart down to 
profound levels of hypothermia (5 C [41 F]), which requires 20 to 
30 minutes. At this time, ischemic protection for a greatly hyper- 
trophied left ventricle has been prolonged so that the aortic valve 
can be replaced and associated saphenous-coronary bypass per- 
formed. 

Of course, this technique would be applicable only when dealing 
with aortic stenosis. If the patient has aortic insufficiency, the 
technique requires individual cannulation of the coronary arteries 
for initial cold perfusion. : 

In conclusion, I believe that if the protective measures that so 
many of us currently employ are used, the combination of valve 
replacement and saphenous vein bypass should not carry prohibi- 
tive risks. 

Nicuo.as T. Koucnoukos, MD, Birmingham, Ala: We have re- 
cently reviewed our experience with these combined procedures 
employing different techniques for preservation of the myocar- 
dium, and I would like to briefly outline these results. 

Our experience with aortic valve replacement and mitral valve 
replacement in combination with coronary artery bypass grafting 
included 39 single, 19 double, and one triple procedure. The oper- 
ative mortality for 43 patients having aortic valve replacement 
was 4.7% and for 16 patients having mitral valve replacement 
6.2%. These death rates are identical to those for isolated valve re- 
placement, either mitral or aortic, in our hospital. | 
= We have utilized two different techniques for myocardial pres- 
ervation during these combined procedures: the use of coronary 
perfusion throughout the entire procedure or hypothermic is- 
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= chemic arrest with internal and occasionally external cooling for 


periods not exceeding 50 minutes. Using the criteria for myocar- 
dial injury that Dr. Rossiter outlined, we observed a 17% incidence 
of injury to the myocardium in 29 patients having coronary perfu- 
sion and a 27% incidence in the 11 patients having hypothermic is- 


q ; = chemic arrest. The combined incidence was 20% with these two 


rae 


methods, and differs little from a previously reported series from 
our institution of randomized patients having isolated aortic valve 
replacement in which these two methods of myocardial preserva- 
tion were employed. 

These data tend to incriminate the type of myocardial preserva- 
tion as the major factor responsible for the high incidence of myo- 
cardial injury. While none of these methods is optimal, the two 
methods outlined here appear to be less detrimental to the myo- 
cardium than local hypothermia for these prolonged procedures. 


We would agree with the authors that prolonged ischemic periods 


should be avoided to minimize the incidence of myocardial injury. 
CARLOS CHAVEZ, MD, Jackson, Miss: I wish to congratulate the 
authors on this excellent presentation. I believe, however, that the 


"i problem of combined aortic or mitral valve replacement and coro- 


nary artery bypass is very similar to that of resection of ventricu- 
lar aneurysm and coronary artery bypass. We really do not know 
the role of coronary disease on the immediate postoperative re- 
sults whether coronary bypass is added or not to the correction of 


the valvular disease or repair of ventricular aneurysm. 


In our institution we are trying to determine the importance of 
these findings in a prospective manner. All patients requiring aor- 


tie valve replacement, in addition to the routine hemodynamic 


studies, have coronary arteriograms so we can compare the results 
of aortic valve replacement in similar groups of patients with sig- 
nificant coronary artery disease with and without coronary artery 
bypasses. 

I think that this is a very important subdivision that we should 


do and I would like to ask the authors whether they have broken 


down their figures in this respect. 

FRANCIS RoBICSEK, MD, Charlotte, NC: I really do not believe 
that the dispute over topical hypothermia is ever going to end. We 
have been using it for the past 16 years. We are satisfied with it, 
and we are going to continue to use it. 

There are, however, some points that I would again like to em- 


= phasize: 





Topical hypothermia for 45 minutes is a completely different 
procedure from topical hypothermia for 60 minutes or 75 minutes. 
We try to limit our ischemia time to 45 minutes, and we get very, 


_ very nervous if we extend it to 60 minutes. If we do multiple valve 


procedures, we do interim perfusion ranging from five to ten min- 
utes. 
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In the matter of “control experiments” mentioned by Dr. Con- 
nolly, we do not dispute that no coronary perfusion is better than 
normal coronary circulation, but surgery is not done in normal 
coronary circulation but in artificial coronary perfusion, and this 
is a completely different matter. The aorta is opened, the coronary 
arteries cannulated, the coronary arteries perfused with a pump 
oxygenator; the coronary orifice might be injured and the circula- 
tion might be embolized. Therefore, a control series of experi- 
ments would be an identical group of dogs, one receiving an aortic 
valve prosthesis in topical cardiac hypothermia and the other re- 
ceiving an aortic valve prosthesis in coronary artery cannulation 
and artificial perfusion. 

Dr. Rossiter: I would like to thank the discussants for their 
comments. 

Dr. Connolly, the only question I would have is what criteria 
were used for defining the myocardial damage in your patients? I 
think that one of the problems in different reports is that there is 
very little standardization in the criteria used, even for myocar- 
dial infarction, and certainly for acute ischemic injury. 

You mentioned that you prefer hypothermia for coronary ar- 
tery bypass grafts with local occlusion of the vessel. Perhaps this 
is good, and certainly in most patients it can be tolerated, but this 
can lead, I suspect, to areas of relative hyperfusion and hypoper- 
fusion. Also, if the heart is perfused with warm blood, some of the 
effect of local hypothermia is negated. There will be epicardial to 
endocardial temperature gradients. 

Dr. Kouchoukos, I find your mortality results enviable, espe- 
cially 4.7% in the aortic valve plus vein graft patients. I would only 
ask you what the times were. Was there any correlation made 
with the cross-clamp times and the fibrillation times in these pa- 
tients? These are the trends we found a little startling. 

Dr. Chavez, I agree that a controlled study in these patients is 
certainly needed. Especially perplexing is the patient who has no 
angina but has a 50% to 60% lesion of the left anterior descending 
coronary artery. Should a bypass be performed on that patient? 
We have not undertaken randomized prospective studies in such 
patients. 

Dr. Robicsek, perhaps you have been arguing for 17 years about 
this, but I was in grade school 17 years ago. I agree that coronary 
perfusion is not physiologic. In addition, you say that the limits of 
hypothermia should be 45 minutes. 

Well, in the massively hypertrophied heart I am sure that toler- 
ances are reduced, but considerable laboratory data indicate that 
the normal heart at least, certainly the dog heart, can tolerate hy- 
pothermic anoxia for 1% hours quite easily. The tolerance of 
anoxia is inversely and linearly related to the logarithm of the 
temperature between 15 and 37 C (59 and 98.6 F). 
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Metabolic Alterations 


With Profound Hypothermia 


Robert J. Ellis, MD; Eddie Hoover, MD; William A. Gay, MD; Paul A. Ebert, MD 


Between June 1973 and March 1974, 23 infants underwent cor- 
rective cardiac surgery using profound hypothermia, limited cardio- 
sulmonary bypass, anc total circulatory arrest. In eight of these in- 
ants, the blood in the heart-lung machine was buffered to create a 
3H of 7.6 to 7.8 at the time ef circulatory arrest. This resulted in a 
zersistent metabolic alkalosis that required reversal with dilute hy- 
4rochloric acid administered irtravenously. The remaining 15 infants 
did not receive buffered blood and demonstrated no metabolic altera- 
sion. In comparing this group of 23 infants to 12 infants in whom 
standard high-flew bypass witn moderate hypothermia was used, the 
nigh-flow bypass group had metabolic acidosis as compared to those 
corrected with profound hypothermia, even though total bypass time 
was similar. 


refounc Lypothermia, limited cardiopulmonary by- 

pass, ane total circulatory arrest have been used to 
repair congen tal heart defects in the neonatal and infant 
veriod.’* Tne attendant problems with total circulatory 
arrest, such as tissue hypoxia, metabolic acidosis, subcuta- 
neous fat necrosis, and cerebral dysfunction, have been 
mentioned as possible derogatory aspects of this tech- 
nique. It has been r2cogn zed that maintaining a slight al- 
«alosis would extend the period of cell survival, and 
srompt correczion of acidosis has been recommended after 
any type of erculatory arrest. The present study relates 
our experience with 23 infants undergoing total circula- 
tory arrest using the combination of surface and perfu- 
sion hypothermia. The eff2cts of buffering the blood in the 
serfusion system in eight infants to insure an alkalotic 
state at the beginning of total circulatory arrest were 
sompared wita those in 15 infants in whom the pH was 
not altered prior tc arrest. 


SUBJECTS AND METHODS 


Congenital heart defects ia 23 infants at the New York Hospi- 
-al-Cornell Medcal Center were surgically corrected utilizing the 
zechnique of prefound hypotnermia, limited cardiopulmonary by- 
pass, and circulatory arrest “rom June 1973 to March 1974 (Table 
1). The average age wes 3 months and the average weight was 3 kg 
6.6 lb). These 2% infarts were compared to 12 infants having total 
serrection by use of standarc cardiopulmonary bypass and moder- 
ate hypothermia durirg a similar time period (Table 2). The aver- 
age age in this group was 7 morths and the average weight was 7 


xz (154 Ib). 
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TECHNIQUE OF PROFOUND HYPOTHERMIA 
Group 1 


The infant was intubated and maintained under halothane an- 
esthesia throughout the course of surgery and surface cooling. 
Carbon dioxide was not added during the anesthesia as part of the 
inhalation mixture. After induction and intubation, cutdowns 
were made in the groin for arterial pressure and in the neck for 
monitoring central venous pressure. Esophageal and rectal tem- 
peratures were monitored throughout the procedure. A catheter 
was inserted for measuring hourly urine volume. The infant’s 
hands and feet were wrapped in cotton gauze and the trunk and 
legs covered by loose cotton gauze for the prevention of ice burns 
to the skin. The infant was then covered with a plastic bag filled 
with ice, and surface cooling was begun. The oxygen pressure 
(Po,), arterial carbon dioxide pressure (Pco,), CO., pH, sodium and 
potassium levels were measured initially and at timed intervals 
throughout. When the esophageal temperature reached 25 C (77 
F), the ice bag was removed and a median sternotomy performed. 
Cannulation of the aorta with a No. 10 polyethylene catheter and 
cannulation of the right atrium with a No. 20 venous cannula were 
performed. The disposable infant bubble oxygenator was primed 
with 1,000 ml of whole blood that was buffered to a pH of 7.55 with 
either tromethamine (THAM) or sodium bicarbonate. A mixture 
of 3 liters of oxygen and 2.5% carbon dioxide was bubbled through 
the oxygenator. The perfusion rate averaged 110 ml per kilogram 
of body weight. Core cooling using cardiopulmonary bypass was 
continued until the rectal temperature reached 17 C (62.6 F). At 
this point, cardiopulmonary bypass was discontinued. Both cavae 
and the ascending aorta were occluded. The average period of to- 
tal arrest was 33 minutes. After surgical correction, core warming 
was begun by restarting cardiopulmonary bypass. Cardiopul- 
monary bypass was continued until the rectal temperature 
reached 33 C (91.4 F), taking an average time of 28 minutes (Fig 
1). All infants were transfused with fresh whole blood, and sur- 
face warming was continued with heating blankets until normo- 
thermia was reached. Monitoring of arterial pressure, central 
venous pressure, urine output, blood gas, and serum electrolyte 
values was continued for 48 hours postoperatively. The infants 
were maintained on a variable volume and pressure respirator for 
the first 24 hours. The infants were fed dextrose and water the 
second day following surgery and progressed to formula feedings 
as tolerated. 


Group 2 


This group consisted of 15 infants surgically corrected under 
profound hypothermia, limited cardiopulmonary bypass, and total 
circulatory arrest as described for group 1; however, the blood 
used to prime the oxygenator (500 to 1,000 ml whole blood; 200 ml 
Normosol) was not buffered and the pH ranged from 6.9 to 7.2. 


Group 3 


Twelve infants were corrected surgically using the same cardio- 
pulmonary bypass system as in groups 1 and 2. The infants in this 
group were core cooled to 32 C (89.6 F). The perfusion rate was 
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Table 1.—Profound Hypothermia, Limited Cardio- 
pulmonary Bypass, and Circulatory Arrest* 






Average 










Weight, Average 
No. Congenital Heart Defect kg (Ib) Age, mo 
1 Preductal coarctation 
& ventricular septal defect 4 (8.8) 1 


* Average weight, 4 kg (8.8 Ib); average age, 3 mo. 


Table 2.—Standard Cardiopulmonary Bypass, 
Moderate Hypothermia* 










Average 
Weight, Average 
No. Congenital Heart Defect kg (Ib) Age, mo 






2 Transposition of the great vessels 4.5 (9.9) 5 
5 Ventricular septal defect 8 (17.6) 12 
1 Tetralogy of Fallot 7 (154) 12 
2 Total anomalous pulmonary 

venous return 5 (11.0) 7 





9 (19.8) 
* Average weight, 7 kg (15.4 Ib); average age, 9 mo. 


Pulmonary atresia 7 








Table 3.—Comparison of Cardiopulmonary Bypass Time* 


Congenital Heart Defect 
Groups 1 & 2 











Transposition of the great vessels 40 16 
Ventricular septal defect 35 3 
Tetralogy of Fallot 40 1 
Truncus arteriosus 30 1 
Coarctation & ventricular 

septal defect 50 1 






Atrial septal defect 25 
Group 3 







Transposition of the great vessels 70 2 
Ventricular septal defect 40 5 
Tetralogy of Fallot 55 1 
Total anomalous pulmonary 

venous return 32 2 






Pulmonary atresia 





* Average time for groups 1 and 2, 36 minutes; for group 3, 45 
minutes. 


maintained at 100 ml/kg/min. The blood used to prime the Oxy- 
genator (1,000 ml whole blood; 500 to 750 ml Normosol) was not 
buffered. Both groups 2 and 3 had the same indexes monitored 
postoperatively and were weaned off the respirator and started 
oral intake as group 1. 


RESULTS 
Acid-Base Studies 


In Fig 2 the pH, Pco,, Co, levels of the three groups dur- 
ing the first 48 hours following surgery are plotted. A sub- 
stantial metabolic alkalosis occurred in group 1 (buffered 
blood) as compared to group 2 (nonbuffered blood). It is 
also apparent that a compensated metabolic acidosis oc- 
curred in group 3 postoperatively during the first ten 
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hours. By calculating the base excess in the three groups, 
it appears that group 1 was substantially higher than the 
other two groups and at 48 hours was approaching a nor- 
mal value (Fig 3). 

In group 1 there were four patients who required rever- 
sal of the metabolic alkalosis because of persistent hy- 
pokalemia and associated arrhythmias. The usual means 
of correction for this metabolic alkalosis failed. The in- 
fants were started on a .01N hydrochloric acid solution as 
part of the daily intravenous fluid therapy. In Fig 4 an in- 
fant in group 1 who underwent surgical correction of 
transposition of the great vessels required a continuous 
intravenous infusion of .01N hydrochloric acid for three 
days postoperatively before the infant’s electrolyte and 
blood gas levels became normal. It became evident from 
the studies made in group 1 and 2 that buffering the blood 
in the priming solution was of no apparent value and 
might be deleterious. 

The least abnormal metabolic alterations among the 
three groups occurred in group 2. There was no evidence 
of metabolic acidosis postoperatively and, when compar- 
ing groups 2 and 3, it is obvious that there was more of a 
metabolic acidosis component in group 3 or the standard 
cardiopulmonary bypass, moderate hypothermia group. 


Cardiopulmonary Bypass Time 


In groups 1 and 2, the profound hypothermia group, the 
average time on cardiopulmonary bypass was 36 minutes 
as compared to 45 minutes in group 3, the moderate hy- 
pothermia, cardiopulmonary bypass group (Table 3). The 
total time for core cooling and core warming in the 
profound hypothermia group was approximately the same 
as in group 3. It is important to note that the time on car- 
diopulmonary bypass in the profound hypothermia group 
was assisted bypass and, because the heart was contract- 
ing, no period of cardiac distention occurred. However, in 
group 3, at least 35 minutes of this 45-minute period was 
total bypass with a noncontracting fibrillating ventricle, 
resulting in the possibility of left ventricular distention 
and, also, a more critical blood flow pattern by the pump. 
This was nonpulsatile as compared to the majority of the 
profound hypothermia perfusion time that had pulsatile 
characteristics due to the heart beating. 


Operative Mortality 


Two deaths occurred in the profound hypothermia 
group; one from aspiration in an infant four days post- 
atrial septal defect repair and the second in an infant 
with preductal coarctation and ventricular septal defect 
occurring 24 days postoperatively, secondary to pulmo- 
nary hypertension and right ventricular failure. Ne 
deaths resulted directly from the combined use of 
profound hypothermia, limited cardiopulmonary bypass, 
and total circulatory arrest. Renal failure and cerebral 
damage were not observed in any of the 23 patients. All 
infants observed up to six months appeared to have nor- 
mal motor function and social development skills. 

In group 3 there were two deaths: an infant undergoing 
repair of a tetralogy of Fallot had a cardiac arrest eight 
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Fig 1.—Avesage time required for surface and core cooling 
observed in 23 infants surzically corrected under profound hypo- 
thermia. 


hours postoperatively secondary to hyperkalemia. The 
other death n this group resulted from severe pulmonary 
atresia inadequataly reieved at surgery. 


COMMENT 


Since the arst description of repair of complex congeni- 
tal heart de*ects utilizing profound hypothermia, cardio- 
pulmonary bypass, and circulatory arrest, several centers 
have applied this technique to earlier correction of cardiac 
defects. There has beer concern among many heart sur- 
geons regarding metabolic alterations resulting in cere- 
bral damage and vital ergan failure following the use of 
this technique.’ From our study comparing this method to 
conventiona cardiopulmonary bypass with moderate hy- 
pothermia, È appears that the mortality and morbidity 
were not diffrent but the average age of the profound hy- 


Fig 3.—Calculation of the base excess over first 48 hours postop- 
eratively. Note differences setween buffered blood (group 1) and 
nonbufferec bood (group Z) of profound hypothermia group. 
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Fig 2.—The pH, Pco,, and CO, plotted over first 48 hours postop- 
eratively of three groups. Note severe metabolic alkalesis in group 1 
(buffered blood). There is a slight metabolic acidosis in group 3 
(standard cardiopulmonary bypass and moderate hypothermia) 
during first ten hours postoperatively. 


pothermia group was 3 months as compared to 7 months 
for the standard bypass group. The time of cardio- 
pulmonary bypass in both groups was not substantially 
different so that any derangement in the coagulation 
process or pulmonary complications associated with car- 
diopulmonary bypass were the same in both groups. 
Exposure and technical ease have been the greatest 
improvements with this technique when compared with 
standard cardiopulmonary bypass and moderate hypo- 
thermia. 

Metabolic acidosis did not occur postoperatively in the 
nonbuffered group undergoing profound hypothermia, and 
it is our belief that the slow surface cooling that usually 
took approximately 85 minutes enabled all organ systems 
and the muscle mass to reduce the metabolic rate without 
any disparity in temperature between them. Ballinger et 


Fig 4.—Effect of infusion of .01N HCL over third postoperative 
day to the fifth postoperative day in attempt to correct metabolic al- 
kalosis that occurred in one patient (4 months old, weighing 5 kg 
[11.0 Ib]) undergoing surgical correction of transposition of the 
great vessels (TGV). Only patients in group 1 (buffered blood) re- 
quired intravenous infusion of .OLN HCL. 


7.7 TGV SSS 


UZ | = 0N 
DH r Nee 

7. 

7.4 


7.40 
50 
C03, wf 
mEq/Liter 30 26 
4 4.0 
K, 3 
mEq/Liter 2 
150 
“| Rie. ee 
Na, 
mEq/Liter 140 140 
135 7 


Days Postoperative 


Metabolic Alterations With Profound Hypothermia/Ellis et al 661 


d 
k 
i 
N 





Lo 


ee | 


al first demonstrated that, in a group of animals in which 
surface cooling was applied, metabolic acidosis did not oc- 
cur following rewarming because the liver and kidneys 
were able to clear the byproducts of anerobic metabolism, 
specifically lactic acid, that was produced by the muscle 
mass.’ This was possible because the core temperature of 
these organs was much higher than the muscle mass tem- 
perature on rewarming, allowing the enzyme systems re- 
sponsible for clearing lactic acid to function. 

In contrast, when cardiopulmonary bypass and moder- 
ate hypothermia were used the major organs cooled more 
rapidly in comparison with the large muscle mass, result- 
ing in a disparity in temperatures. Under a low perfusion 
rate, anerobic metabolism occurred and lactic acid produc- 
tion could not be compensated by the liver or kidneys be- 
cause the enzyme systems of these organs were inhibited. 
On rewarming there existed a metabolic acidosis that 
cleared several hours postoperatively. It is this slow rate 
of change of temperature that occurs during the profound 
hypothermia technique that minimizes metabolic altera- 
tions of pH during the postoperative period. 

The metabolic alkalosis observed in group 1 occurred be- 
cause of the effect of hypothermia on the dissociation 
constant (pK) in the Henderson-Hasselbalch equation. 
Rosenthal has described that for every Centigrade degree 
of hypothermia a factor of 0.015 must be added to the cal- 
culated pH. By adding sodium bicarbonate or trometha- 
mine to the blood prime to obtain a pH of 7.55 when the 
core temperature reached 17 C, the pH would be 7.8. Since 
the homeostatic mechanisms as demonstrated by Lyons 
and Moore cannot adequately compensate for a metabolic 


_alkalosis, a prolonged metabolic alkalosis occurred postop- 


eratively.’ The ability to reverse this metabolic alkalosis 
with .01N hydrochloric acid has been well demonstrated by 
others in a group of adult surgical patients.* Its use in our 
study attested to its efficacy in reversing the metabolic al- 
kalosis in four patients in group 1. Reversal was necessary 
in this group because of hypokalemia that followed and re- 
sulted in arrhythmias in these four infants. Johnston et al, 
in their study, demonstrated that hypokalemia was not 
only related to a metabolic alkalosis but due to the change 
in potassium across the cell membrane.’ We have only 


seen hypokalemia occurring in the buffered blood group. 
In group 2 there were no associated instances of hypoka- 
lemia or arrhythmia problems. Because of these observa- 
tions we have abandoned the use of buffered blood in the 
priming solution used in infants undergoing profound hy- 
pothermia, limited cardiopulmonary bypass, and total cir- 
culatory arrest. It is our belief that buffered blood should 


-` not be used in this technique. 


These results have demonstrated that, using the de- 
scribed technique, metabolic acidosis does not occur fol- 
lowing profound hypothermia and that buffering the 
priming solution is associated with an abnormal state of 
metabolic alkalosis that affects serum potassium and may 
cause cardiac arrhythmias. The combination of profound 
hypothermia, limited cardiopulmonary bypass, and total 
circulatory arrest has proved to be extremely effective in 
correcting complex cardiac defects in the neonatal and in- 
fant period without serious metabolic sequels. 
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DISCUSSION 


WiiuiaM E. NEVILLE, MD, Newark, NJ: Because of my long and 
continued interest in profound hypothermia and total circulatory 
arrest, I am delighted to see its revival. The technique certainly 
has much to offer in certain situations. However, it must be 
pointed out that its use is contingent on some of its dangerous 
components unless certain rigid principles are adhered to. 

George Clowes and I, along with our neurosurgeon at that time, 
Byron Bloor, presented our experimental and clinical data before 
this society 14 years ago. We pointed out that at the end of 30 
minutes of total circulatory arrest at a brain temperature of 15 
C (59.0 F), the Po, level of the cerebrospinal fluid was not record- 
able. This meant that the safest period of total circulatory arrest 
to prevent irreversible brain damage was not more than half an 
hour. However, we did have dogs who recovered brain function 
completely after an hour’s arrest. 


662 Arch Surg/Vol 109, Nov 1974 


Subsequently, Dr. Robert White and I compared the various 
decrements in organ temperatures during cooling and rewarming 
with an oxygenator primed with only low molecular weight dex- 
tran and whole blood. With hemodilution, the brain, esophageal, 
and muscle temperature decreased concomitantly and, at the time 
of arrest at 15 C (59.0 F), were the same. With whole blood, cooling 
was prolonged and at an esophagéal temperature of 15 C (59.0 F) 
the brain temperature was higher and the muscles were even 
warmer. This meant that during total circulatory arrest the 
warmer muscles consumed a considerable amount of the available 
oxygen in deference to the brain. 

From the foregoing observations we advised that the best tech- 
nique was to use oxygenator hemodilution, high flow rates, and 
confine the total circulatory arrest to periods of not over 30 min- 
utes. À 


Metabolic Alterations With Profound Hypothermia/Ellis et al 





Wiiam W. ANGELL, MD, San Jose, Calif: I would like to ask the 
authors about their observations with regard to the central ner- 
vous system. We have been in<erested in clinical and morphologic 
changes, both n patients who have undergone total arrest and in 
experimental <nimab. 

We have eorsistently seen morphologic alterations in brain sec- 
tions from puppies who have undergone arrest for more than 45 
minutes. Thirty to 45 minutes is our limitation of total arrest for 
the central ne-vous system. 

Observations in patients are primarily clinical and rather subtle. 
Strange eye movements and some convulsive activity have been 
noted, which sapports the impression that there is a limitation to 
the time the crculation to the infant brain can be interrupted. It 
would appear that it is optimally not 60 minutes, but rather closer 
to 30 minutes. 

Joun E. Comno.iy, MD, Irvine, Calif: I think there are several 
important poiats that should be made. I agree wholeheartedly 
with the corclesion of the authors that this is a useful, safe proce- 
dure. I also agree with their conclusion that metabolic acidosis 
that occurs duming cooling does not have to be treated, as it will re- 
verse itself wEh rewarming. 

I say this oa the dasis of profound hypothermia experiments 


50 Years Ago 


in the Archivesof Surgery 





that we did nine years ago on dogs. We conditioned these animals 


so that we could recognize any possible higher center damage in 
addition to microscopic brain changes secondary to the hypother- 


mia. We found that the important factor was the actual tempera- __ 


ture of the brain at the time of cessation of circulation. Unfortu- 


nately, we cannot have a thermistor needle probe in the brain 


unless we have the brain exposed. But, if general body cooling is 


induced slowly, the brain temperature will more closely approxi- 


mate that of the esophagus. Our experiments showed in the dog 
that 1% hours of circulatory arrest with a brain temperature of 20 
C (68.0 F) caused no psychologic or pathologic brain damage. Our 
experiments convinced me that profound hypothermia per se is 
not injurious. It is my conclusion that those who have reported 
brain damage from profound hypothermia have not adequately 


cooled their patients so that the brain has reached a temperature — 


approximating that measured in the esophagus or rectum. 


Dr. ELLIs: The only thing that I can add is that we have limited 
_ the total circulatory arrest period, as you can see, to 30 minutes. 


And, on one or two occasions where necessary, if it went beyond 


that we restarted cardiopulmonary bypass and then terminated — 


once again for another period of total circulatory arrest. 


The Use of Free Transplants of Fascia as Living Sutures 
In the Treatment of Hernia 


“At present we have records of approximately one hundred hernias of all varieties, 
waich have been closed by means of living sutures. In this series, there have been, up to 
the present, no recurrences. Three cases have suppurated, but, fortunately, the suture 


was not extruded and no ill effects have ensued. This is probably due more to good luck 
than to any virtue in the method of suture used. Among these hernias were many which 
we feel sure could not have been cured by the ordinary methods of operation, and we 
are therefore very hopeful that the use of living sutures will make a decided reduction 
in the pereentage of recurrences and will considerably widen the field in which oper- 


ative treatment is applicable.” 


Gallie WE, LeMesurier AB: Arch Surg 9:516-529, 1924. 
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Venous Thromboembolic Disease 


Evaluation of New Methodology in Treatment 


James S. T. Yao, MD, PhD; Robert E. Henkin, MD; John J. Bergan, MD 


A combined diagnostic approach to venous thromboembolism was 
applied in 162 patients with suggestive symptoms or findings using 
Doppler ultrasound, impedance outflow testing, and radionuclide 
phlebography with simultaneous lung scanning. The diagnostic ac- 
curacy of Doppler ultrasound and impedance outflow testing was 
82.9% and 70.9% when each was used independently. Combination 
of the two techniques increased the diagnostic accuracy to 95%. Ra- 
dionuclide studies revealed a high incidence of multicentric thrombi, 
particularly in patients with abnormal perfusion lung scans (56.3% 
vs 23.2%). _ 

Radionuclide phlebography was also helpful in detecting nonocclu- 
sive thrombi by localized increase of radioactivity. Of the 162 pa- 
tients, 45 had symptoms but showed normal results on noninvasive 
testing and so were not treated. Follow-up to two years has shown 
no venous thrombosis or pulmonary embolization in any of them. 
Only four patients in the series required surgical interruption of the 
vena Cava. 


major difficulty in management of patients with 
t à suspected thromboembolic disease has been estab- 
lishment of diagnosis. During the past several years, vari- 
ous testing methods, such as Doppler ultrasound,'-: imped- 
ance plethysmography,‘ ‘I-fibrinogen uptake, and 
thermography,’ have been introduced in an attempt to im- 
prove diagnostic accuracy in this condition. Each method 
has exhibited its limitations. In addition, when pulmonary 
embolization has been suspected, clinicians have sought 
specific information from the pulmonary perfusion scan 
but have failed to seek the source of the embolus. In order 
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to overcome these two difficulties and develop an overall 
diagnostic approach to thromboembolism, we have com- 
bined the use of Doppler ultrasound, impedance plethys- 
mography, and radionuclide phlebography with simulta- 
neous lung scanning for detection of the site as well as the 
source of these emboli. 

The present study emphasizes the important role of a 
vascular laboratory in delivery of care to patients with 
deep vein thrombosis. Information derived from this labo- 
ratory has been analyzed in an attempt to develop a ra- 
tional approach to both diagnosis and management of this 
common problem. The diagnostic accuracy of the Doppler 
ultrasound technique and of impedance outflow testing 
has been evaluated separately and then cross correlated 
with radionuclide phlebography. Special emphasis has 
been placed on the role of the radionuclide study in uncov- 
ering the site of the thrombi and the incidence of pulmo- 
nary emboli arising from these lesions. 


SUBJECTS AND METHODS 


A total of 162 patients referred to the Blood Flow Laboratory of 
the Northwestern Memorial Hospital, Northwestern University 
McGaw Medical Center, because of symptoms or findings sugges- 
tive of venous thromboembolic disease were included in the study. 

The Figure demonstrates the scheme of various diagnostic 
studies performed on patients admitted with thromboembolism. 
Both Doppler ultrasound and impedance plethysmography were 
first instituted as screening procedures. Following this, a radio- 
nuclide phlebogram with simultaneous lung scanning was ob- 
tained in the Department of Nuclear Medicine. Meanwhile, vari- 
ous diagnostic tests as depicted in the Figure were performed te 
substantiate the diagnosis. 

Treatment for thrombosis was administered regardless of the 
results of the study. Intravenous administration of heparin so- 
dium was utilized. A loading dose of 5,000 units was followed by 
maintenance doses of approximately 15,000 units per 24 hours. If 
the results of all three tests were normal, treatment was termi- 
nated. 
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Dopplr Ultrasound 


The instrument and technique kave been previously described.” 
In brief, with the patient sapine, the flow probe of a directional 
Doppler instrument was placed over the common femoral and pop- 
liteal veins to record fhe flow velocity patterns during normal res- 
piratory cycles. The effects of the Valsalva maneuver and aug- 
‘mented sound on venous ficw velocity patterns were then 
recorded. 


Impedance Plethysmography 


A two-channel impedance plethysmograph was used in this 
study. The tecknique has been described by Wheeler et al.* In- 
stead of using the respiratory excursion test described by Wheeler 
et al,“we have modified the sechnique using a venous outflow test. 
In this test, a pressure cuff is placed around the thigh and inflated 
to a pressure 0: 50 mm Hg “0 obstruct the venous return (venous 
occlusive presstre). Because-of continuous arterial inflow, the vol- 
ume of the leg distal to the euff will increase and stabilize in a pe- 
riod of one to two mirutes. After the base line impedance is stabi- 
lized and balanced, tie blood pressure cuff is suddenly deflated. 
Because of rapid emptying ef blood from calf and popliteal veins, 
there is a sueden cecreas in calf volume. Since impedance 
changes inversely with volume, the change is detected and ex- 
pressed in percentage change per second (%/sec). The percentage 
change of impedance calculated by the height of the slope after 
calibration wa set 30 thar 0.2% change to base line gave a 
recorder defiec-ion of 2 mm 

In the preseace of deep vein thrombosis affecting the calf or 
popliteal veins, there was delayec venous emptying, hence, a de- 
crease in the percentage chenge per second. A previous study has 
shown that, in norma’ subjects or patients with patent deep veins, 
a rapid change in im>edane@ of 1.0%/sec or more was commonly 
seen. In the presence of dee vein thrombosis affecting the calf or 
popliteal veins,a delay in venous emptying (1.0%/sec) was always 
recorded. 


Radionuclide Phlebography 
With Simultaneous Lung Scanning 


The techniqae has previously been reported.’ Radionuclide 
phlebography was performed usirg a gamma scintillation camera 
equipped with either a 4,00C or 16,000 hole collimator (high sensi- 
tivity). Microspheres were prepared from kits, according to direc- 
tions, so that the final racioactive concentration was approxi- 
mately 4 millicaries/ml. 

Patients were placed supine on a cart with a floating top. Two 
tourniquets, 2.» to 50 cm apert, were placed 5 em above each 
ankle. Butterfiy need_es (19 to 25 gauge) with attached three-way 
stopcocks were inserted inta a dersal vein of each foot. 

The patients-were Dositioned under the camera so that the iliac 
yeins-and lowe- part of the nferior vena cava were in the field of 
view. These vems were imazec by injection of 1 to 1.5 millicuries 
of technetium Tc 99m-humen albumin microspheres into each leg 
simultaneously-followed by = 3- to 5-ml heparinized saline flush. If 
one iliac vein kad abnormal transit (early or delayed filling), that 
leg was studies first as outined below. 

If both iliac veins filled normally, the left femoral vein in the 
upper part of tae thigh and she midthigh was imaged next by uni- 
lateral injection of 0.6 tc 0.73 millicuries of technetium Tc 99m-hu- 
man albumin microspheres followed by heparinized saline flush. 
The left popliteal vein was similarly evaluated after placing a co- 
balt 57 marker ateral to thepatella. The calf veins above the tour- 
niquets were imaged in like manner. A similar set of images was 
then obtained or the right leg. 
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The elapsed time from injection to the first appearance of activ- 
ity in the field of view was recorded. Images were recorded simul- 
taneously on either Polaroid or 70-mm photographic film and digi- 
tal videotape. 

At the conclusion of the study, a four-view camera lung scan 
was performed. If the presence of an abnormal lung perfusion 
scan coincided with an abnormal chest roentgenogram, a Xenon 
133 ventilation scan was done to differentiate the defect from ven- 
tilatory insufficiency such as asthma or parenchyma! disease. 

Since our previous study has shown the reliability of radio- 
nuclide phlebography when compared with contrast phlebography 
(96% correlation), contrast phlebography was not employed for 
confirmation of the diagnosis. 


RESULTS 


Doppler Ultrasound 


One hundred fifty-eight patients received complete ul- 
trasound evaluation. A normal venous flow pattern in 
common femoral and popliteal veins was seen in 27 pa- 
tients. This indicated that the iliofemoral segment was 
patent. All of these patients had a normal radionuclide 
phlebogram. Four patients were found to have abnormal 
ultrasound test results and a normal phlebogram. All four 
had carcinoma of the pelvic cavity with inguinal lymphad- 
enopathy (Table 1). Abnormal flow patterns recorded in 
these patients were possibly due to difficulties in position- 
ing the probe or alteration of sound reflection by the solid 
tissue present in the lymph nodes. 

Normal ultrasound recordings in the presence of an ab- 
normal radionuclide phlebogram were seen in 23 of 127 pa- 
tients (18.1%). Table 2 shows the site and type of thrombus 
depicted by radionuclide phlebography in these patients. 

The overall diagnostic accuracy of ultrasound alone was 
82.9% with a false-positive index of 2.53% and a false-neg- 
ative index of 14.56%. Failure to establish a diagnosis was 
common in patients who had nonocclusive thrombi. Ten of 
23 such patients (43.5%) had localized increase of radio- 
activity on phlebography (“hot spots”), indicating the 
presence of nonocclusive thrombi. Fourteen of 23 patients 
(60.9%) were found to have thrombi affecting the popliteal 
or calf veins. 


Impedance Plethysmography 


One hundred twenty-one patients completed impedance 
plethysmography evaluation. Of 27 patients with normal 
radionuclide phlebograms, five had abnormal impedance 
outflow testing, a false-positive diagnosis rate of 18.5%. 
All five patients were considered to have lymphedema due 
to lymphatic obstruction (Table 1). 

Of 94 patients with abnormal phlebograms, ten were 
found to have normal impedance plethysmography stud- 
ies, a false-negative diagnosis rate of 10.6%. Thus, the 
overall accuracy of the impedance plethysmography 
method was 70.9%. 

Table 3 analyzes the type and site of the thrombi in 
these patients. Five of the ten patients with abnormal 
phlebograms appeared to have nonocclusive thrombi, 
manifested by localized increase of radioactivity in the 
vein scan (hot spots). 
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Deep Vein Thrombosis 
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Clinical Examination 


Blood = Laboratory 


Doppler Ultrasound 
Impedance Plethysmography 


Lung Scanning = Radionuclide Phlebography 
Blood Gases With Simultaneous 


Chest Roentgenogramn —e————— Lung Scanning 
Xenon Ventilation Scan 


Diagnostic scheme for patients with venous thromboembolism re- 
ferred to Blood Flow Laboratory for noninvasive testing. Patients 
with symptoms of either pulmonary embolism or deep vein throm- 
bosis of legs are tested by ultrasound, impedance plethysmography, 
and radionuclide phlebography with simultaneous lung scanning to 
detect source and site of venous emboli. 


The overall diagnostic accuracy of impedance ple- 
thysmography in establishing the presence of thrombi 
when thrombi were present was 89.4%. 


Radionuclide Phlebography 


One hundred sixty-two patients were analyzed by radio- 
nuclide phlebography. Of these, 35 patients had normal 
phlebograms and lung scans. Tables 4 and 5 tabulate the 
results of phlebography in relation to the presence or ab- 
sence of perfusion deficits, respectively. 

Among all patients with abnormal phlebograms, 51.25% 
who also had an abnormal lung scan had multicentric 
thrombi. When the lung scan was normal and the phlebo- 
gram abnormal, 23.1% had multicentric thrombi. The inci- 
dence of hot spots was 56.25% in patients with abnormal 
lung scans and 42.0% with normal lung scans. The site of 
the thrombi and their relationship to abnormal perfusion 
lung scans is tabulated in Tables 4 and 5. 


Correlation and Follow-Up Study 


As stated above, the diagnostic accuracy of Doppler 
ultrasound alone was 82.9% and that of impedance ple- 
thysmography alone was 70.9%. Six of 121 patients had com- 
bined normal Doppler ultrasound and impedance plethys- 
mography but were found to have abnormal phlebograms. 





Case Doppler Ultrasound Right 
1 Abnormal femoral and popliteal signals 0.09 
2 Abnormal femoral and popliteal flow 0.1 
3 Normal 0.19 
4 Abnormal popliteal signals 0.9 
5 Abnormal popliteal signals 0.59 
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Table 1.—Results of Doppler Ultrasound and Impedance Plethysmography in Five Patients 
With Normal Radionuclide Phlebography 


Impedance Outflow, °% /sec 





Four patients who had normal impedance plethysmogra- 
phy results had abnormal Doppler ultrasound flow detec- 
tion results. Thus, the combined tests were accurate in 
95.0% of cases. 

None of the patients with normal Doppler, impedance 
plethysmography, and radionuclide phlebography exami- 
nation results developed evidence of thrombosis. Four of 
the patients treated with heparin subsequently required 
surgical interruption of the vena cava. None of the pa- 
tients in this series developed a fatal pulmonary emboliza- 
tion. 


COMMENT 


In diagnosis of venous thrombosis, it is rational to com- 
bine Doppler ultrasound and impedance plethysmography 
since the tests complement one another. Doppler ul- 
trasound detects flow abnormalities in large veins (vena 
cava, iliac, common and superficial femoral), while the 
impedance plethysmograph is useful in determining the 
patency of the popliteal vein and its tributaries. This com- 
bined approach obviates the limitations of each method 
when applied alone in the detection of thrombi. 

The present study appears to support the combined ap- 
proach, since the single test accuracy of 82.9% and 70.9% 
was elevated to a more acceptable level of 95% when the 
tests were used in combination. Both tests are noninva- 
sive and find a high level of patient acceptability. 

The results of Doppler ultrasound testing alone are sim- 
ilar to those reported by others and support the finding 
that ultrasound is of limited value in detection of throm- 
bosis in the popliteal and calf veins. Of 23 patients who 
had abnormal phlebograms and normal Doppler examina- 
tion results, 60.9% had thrombi affecting the popliteal and 
calf veins. Ultrasound flow detection was found to be of 
limited value in detection of nonocclusive thrombi. Seven 
of eight patients who had localized increased radioactivity 
manifested by hot spots had normal ultrasound examina- 
tion results. Despite these limitations, the Doppler ul- 
trasound method is better than clinical examination. The 
latter has been reported to have a diagnostic accuracy of 
only 40% to 50%. 

The use of plethysmography is not new. Its use in the 
study of venous disorders has been reported by several 
workers in this field." Since the introduction of imped- 
ance plethysmography by Wheeler et al,‘ several workers 
have cast doubt on the validity of this method.“ One ob- 
vious shortcoming of the respiratory excursion method is 
that it depends on the patient’s ability to perform deep in- 



















Left Associated Conditions 

0.66 Carcinoma of prostate with positive groin nodes 
0.09 Carcinoma of bladder with positive groin nodes 
0.59 Chronic lymphedema 

0.41 Lymphedema 









1.6 Pulmonary emboli 
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Table 2.—Distribution ef Thrombi in Patients With Normal 
Femoral or Popliteal Ultrasound Venous Flow Patterns 
butan Abnorma Radionuclide Phlebogram 








No. of Patients* 


* Numbers in parentheses indicate presence of hot spots in vein 
without lumna! occlusion of ccllateral around lesion. 


| Table 4.—Type anc Site of Thrombi in 48 Patients 
| Wita Both Adnormal Phiebogram and Lung Scan 


No. of Patients* 
Single 
Iliac 10 (3) 
Femoral e" G 
Poplitea! 1 
Calf vein 2 
Multiple a? (17) 
Total 48 (27) 
* Numbers in parentheses indicate presence of hot spots sugges- 
tive of nonccclusive thromb. 
+ Thrombi seen in zwo or more independent sites. 


spiration ong encugh to cause pooling of the blood in the 
deep veins of the legs enc produce measurable changes." 
In an attempt to stancardize the test, we have modified 
the impedance method dased on a technique described by 
Hallbook and Gothlin."* 

Our preliminary stucy* hes shown that venous outflow 
testing is a valuable technicue. In the present study, the 
diagnostie accuracy was 70.9% in 117 abnormal limbs as- 
sessed. Although a comparison between venous outflow 
testing and the respiratory excursion method was not 
made during this study a recent investigation reported by 
Johnston and his colleagues'* supports the finding that 
outflow testing is the more reliable technique. 

Venous outflow testing, however, may miss some 
thrombi in the calf or popliteal veins. The limitation of 
venous outfiow testing in detection of calf vein thrombi 
has been emphasized by Hallbook and Gothlin.’* In the 
present study, five of ten patients who had abnormal 
phlebogrems had thrombi involving the popliteal vein and 
its tributaries. Since impedance plethysmography is also 
of limited value in detecting nonocclusive thrombi, it ‘is 
not surprising that foar of five patients with hot spots 
seen in the femoral vems were found to have normal im- 
pedance study results. 

Results obtained from radionuclide phlebography in the 
present study are of interest. In this series, a high inci- 
dence of multiple sites of thrombus formation was seen in 
patients with or withoat pulmonary embolization. Such a 
finding indicates that venous thrombosis may be multi- 
centric in origin. Thrombosis may develop at many sites 
simultaneously. 
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Table 3.—Type and Site of Thrombi Depicted by 
Radionuclide Phlebography in Ten Patients With 
Normal Impedance Plethysmography Results 


No. of Patients* % 
Femoral 5 (4) 50 
Popliteal 3 (1) 30 
Calf veins 2 (0) 20 
Total 10 (5) 


* Numbers in parentheses indicate presence of nonocclusive 
thrombi manifested by presence of hot spots. 













Table 5.—Site and Type of Thrombi in 69 Patients With 
Abnormal Phlebogram and Normal Perfusion Scan 


No. of Patients* 










Single 
Vena Cava 6 (0) 8.7 
lliac 15 .-€2) 21.8 
Femoral 16 (10) - 23.2 
Popliteal 9 (3) 13.0 
Calf veins 7 & 10.1 
Multiplet 16 (12) 23.2 


* Numbers in parentheses indicate presence of hot spots sugges- 
tive of nonocclusive thrombi. 
t Thrombi seen in two or more independent sites. 


The site of origin of deep vein thrombosis has long been 
a subject of debate. Mavor and Galloway” suggested that 
thrombi often arise independently from the iliac segment, 
whereas Kakkar et al” insisted that the origin is fre- 
quently in the calf veins. Such a discrepancy is obviously 
related to the method used. 

The high incidence of calf vein thrombosis claimed by 
Nicolaides et al” and Kakkar et al? may be due to the in- 
herent defect in the ‘*I-fibrinogen uptake method, which 
is unable to detect iliac and common femoral vein thrombi. 
Such a limitation may have led to the high percentage of 
calf vein thrombi found in their studies. Similarly, the use 
of contrast femoral phlebography as reported by Mavor 
and Galloway may have failed to show small thrombi 
present in the calf veins. Any method of investigation of 
the venous system must allow the display of the venous 
drainage from the ankle to the inferior vena cava. The ra- 
dionuclide phlebogram appears to fulfill this goal. 

In the present study, independent major vein thrombi 
(vena cava, iliac, or femoral) were found in 54 of 117 pa- 
tients (46.1%). Calf vein thrombi alone were seen in 19 of 
117 patients (16.2%). The incidence of de novo thrombosis 
in major veins appears to be similar to that reported by 
Browse and Thomas,”? who analyzed 302 phlebograms in 
201 patients with nonlethal pulmonary embolism. They 
found 40% of the thrombi appeared to have arisen in the 
iliofemoral segment independent of any calf vein throm- 
bosis. The incidence of calf vein thrombosis in the present 
study is in contrast with their report, in which the calf 
veins were found to be the most common site. Such a dis- 
crepancy could be due to inability of radionuclide phle- 
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bography to provide detailed information on calf veins. 
Since calf vein thrombi seldom cause fatal emboli,?°* such 
a limitation should not render radionuclide phlebography 
an ineffective procedure. 

One of the major handicaps in diagnosis of venous 
thrombosis is the nonocclusive thrombus. It could be fatal 


and is an anathema to flow detection techniques because it 


does not impede blood flow. The ability of the radio- 
nuclide phlebogram to demonstrate a local increase of ra- 
dioactivity (hot spot) appears to answer the problem of 
the nonocclusive thrombus. 

Experimental work in this laboratory suggests that hot 
spots represent entrapment of the "Te microsphere in 
the thrombus, giving rise to a localized increase in radio- 
activity. Pulmonary angiography was not employed as the 
conclusive test in diagnosis of pulmonary embolism in this 
study but we believe, with others,” that combined ventila- 
tion and perfusion lung scanning distinguishes pulmonary 
emboli from other lung conditions. 

Rational management of thromboembolism depends on 
accurate information regarding the site of the thrombus 
and its embolization to the pulmonary vasculature. For 
practical purposes, the use of either radionuclide or con- 
trast phlebography in all patients admitted with limb 
symptoms is not feasible. The problem is too vast, the 
manpower required too great, and the financial burden too 
awesome. Therefore, the accuracy of the combined non- 
invasive testing method in establishing the diagnosis of 
deep vein thrombosis is appealing. This method fills the 
gap between clinical examination and invasive contrast 
radiology. | 

As a result of the present study, the combined approach 
is in use in this center as a guide in treating patients with 
thromboembolism. The following scheme is used: (1) In pa- 
tients admitted with leg symptoms alone, no anticoag- 


we en 


ulant treatment is given if the impedance and Doppler 
ultrasound examination results are normal. (2) Adminis- 
tration of heparin is instituted when combined impedance 
plethysmography and Doppler ultrasound test results are 
abnormal, or when a lung scan is abnormal. In the latter. 
instance, plethysmography and ultrasound are used to 
confirm the source of the emboli. If combined testing is 
inconclusive, a radionuclide phlebogram is obtained. (3) 
Heparinization is employed when there are multiple sites 
of thrombi detected by combined noninvasive studies or ra- 
dionuclide phlebography. (4) Surgical interruption of the 
inferior vena cava is advised where there is positive evi- 
dence of recurrent pulmonary embolization while the pa- 
tient is on heparin therapy or if heparinization is con- 
traindicated. 

Since institution of this approach, thrombus develop- 
ment or pulmonary embolization has not occurred in any 
patient with symptoms who was found to have normal 
combined test results. Only four patients required surgical 
interruption of the inferior vena cava, Thus, sequential 
testing using a vascular laboratory as a screening center 
eliminates unnecessary hospitalization. The establishment 
of a laboratory devoted solely to the delivery of care to 
this important group of patients should be a goal of all 
surgeons who are interested in thromboembolic disease. 


This investigation was supported in part by a grant-in-aid from the Chi- 
cago and Illinois Heart Associations, National Institutes of Health grant 1- 
ROH-HL-16253-01, and the Northwestern University Vascular Research 
Fund. 


Nonproprietary Name and 
Trademarks of Drug 


Technetium Te 99m—Neimotec, Pertgen-99m, Renotec, Technekow 
generator, Technetope, Ultra-technekow generator. 
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DISCUSSION 


Rowert Linten, MD, Brooxline, Mass: I have enjoyed this paper 
by Dr. Yao andihis co-workers, but I would like to discuss the sub- 
ject of thrombeembolism im a different light than just from the 
diagnostic poirt of view. F rst, I would like to ask Dr. Yao one 
question: how many of his patients with thromboembolism had 
any prophylactic measures receding his examination? 

The reason I ask this question is that during the past ten years, 
almos all the papers I have listened to, including those presented 
in the last two «ays, have dealt entirely with the problem from the 
diagnostic aad ‘treatment peint of view. 

I believe mone emphasis should be placed on the prophylaxis of 
venous thrombosis. Early ambulation certainly has prevented 
many cases of -hromboembelism, I think we would all agree. And 
it is true thet 5% of all pulmonary emboli arise from deep venous 
thrombosis nvwlving the veins of the calf, from which further 
thrombosis prepagates in tae deep venous system. 

Now it is important, if one is going to deal with the subject of 
thromboembolism, to have some means of preventing it. I show 
you this slide becaus2 I thiak it illustrates one of the most effec- 
tive ways that I know of preventing thromboembolism. 

It is cheap end gives the patient and, I think, the surgeon or 
physician, ¢ pretty good assurance that the probability is that 
there will not be thromboembolism because you seldom see pa- 
tients walking around who develop it. 

The point I would ike to stress here is that the patient is lying 
in bed with the bed in the sight reversed Trendelenburg position 
because it is better for the veins to be full of blood than empty. At 
the foot of the ded is a foot d0ard on which the patient presses the 
ball of his feotzand then relaxes, just as if he were rising up on his 
tiptoes. 

In this manerer, instead of the blood stagnating in the deep calf 
veins, it circulates out of taem, and the chances are that throm- 
boentbolism will seldom develop in patients so treated. 

My routine 5 that every patient is instructed in this method of 
ambulation in bed ard I tel. them that they must do it 1,000 times 
a day. I also explain to them exactly what I am trying to accom- 
plish by this exercise. I suggest that any of you interested in the 
propaylaxis of this conditien might try it. 

H Gays, MD, Jchanne-burg, South Africa: I enjoyed the pa- 


“per by Dr. Yas and ais colleagues. I would like to present an ob- 


servation that suggests that peripheral venous pressure can be 
measured at tue bedside simply by a noninvasive technique using 
the Doppler flowmeter. 

As we all know, the posterior tibial vein lies next to the artery 
and, therefore, if one puts a Doppler probe over the vascular 
bundle one caa mon.tor the velocity flow. 

New, if rou inflate this cuff above systolic pressure and then 
deflate it, et rst yeu heaz the characteristic arterial audio sig- 
nals. Then, as the pressure decreases and as the cuff pressure is 
about 30 mm Hg, a second ontinuous sound is heard that reaches 
a erescendc amd then disapoears or fades at a pressure bearing of 
about 10 te 0 mm Hg. 

It-had occurred te us that the origin of the second sound was 
due to the caspe of venous blood from under the cuff, and that the 
disawpearaace of soand could be used to measure venous velocity 
as tae result of eqaalizateon of blood pressure both distal and 
proximal te the cuff This being the case, it was thought that the 
cuff pressure at which the second sound disappeared could be an 
index of peripheral venous pressure. 
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To test this hypothesis, instantaneous recordings of four impor- 
tant factors were then done in a number of patients. A needle was 
put into a vein on the dorsum of the foot and the venous pressure 
was recorded; the cuff pressure, the transduced velocity flow sig- 
nal, and the audio signal as noted by an observer were also 
recorded. In the resting state with the cuff uninflated, the venous 
pressure is about 7 mm Hg. 

The arterial flow signal is normal. As the cuff is manually in- 
flated so the venous pressure begins to rise because the venous 
outflow has been trapped, and when the cuff reaches systolic pres- 
sure, the arterial signal disappears. 

As the cuff is deflated, arterial signals reappear. When the pres- 
sure reaches about 30 mm Hg, the venous pressure begins to fall 
because it now overcomes the cuff pressure. 

Note at this point the onset of the venous signal; the venous 
pressure decreases and reaches normal levels and the venous 
sound disappears. 

And this is confirmed by the observer who is listening to the sig- 
nal; when he hears the onset of the venous signal he presses a but- 
ton and that corresponds with the signal here and it disappears 
with the signal. 

Although we would not claim that this is an indication of abso- 
lute venous pressure in the patients studied so far, it does seem to 
be some correlation between direct intravenous pressure and pres- 
sure as observed by the cuff method. 

We so far have tested 11 patients with deep vein thrombosis 
and we have found that in nine of them there was an increase in 
the venous pressure as determined by the cuff method. A study is 
presently under way to determine whether this may be of value in 
screening patients with deep vein thrombosis. 

We know that this technique will not pick up all deep vein 
thrombosis because this may exist without complete occlusion and, 
therefore, without increased pressure. 

Joun Hoses, MD, London: It is exciting to learn of new methods 
for the diagnosis of this difficult problem. In England, I think, we 
have placed too much emphasis on the fibrinogen test, which is 
very accurate for studying the calf veins but cannot be used to fol- 
low the iliac veins because of the background difficulties; further- 
more, there is a substantial difference between the fibrinogen 
diagnosed thrombosis in the calf as compared with the clinical 
diagnosis. 

At St. Mary’s Hospital, London, we have used the isotope 
phlebogram to study chronic venous problems and have found that 
the hot spots sometimes occur a considerable distance distal from 
the actual site of obstruction. I would, therefore, like to know 
what methods the authors have used to relate the hot spots to the 
actual sites of thrombosis. 

Finally, the mechanical effects in the calf are well established as 
a precipitating factor in initiating deep vein thrombosis. In the 
large proximal veins there are several potential mechanical ef- 
fects: the termination of the left common iliac vein where it is 
crossed by the right iliac artery, the common femoral vein passing 
under the inguinal ligament, and the superficial femoral vein in 
the adductor hiatus. These are sites of potential hold-up and could 
initiate thrombosis; so, I wonder whether hot spots have shown up 
these three potential sites. 

Jonn CRANLEY, MD, Cincinnati: Dr. Yao asked me to report our 
results to date, despite the fact that the methods we use are to- 
tally different from his. For three years we have been developing 
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a noninvasive, mechanical method of diagnosing deep venous 
thrombosis that is proving to be eminently satisfactory. The basic 
principle is to reproduce the physiologic effects of walking on the 
venous circulation by applying 50 mm Hg pressure to the foot or 
the calf. This pressure, repeated three times, forces blood up the 
extremity. If there is any obstruction to the flow of blood, there 
will be some swelling of the extremity, which is detected by a rise 
in base line of the tracing. 

In 453 extremities studied by means of this test, now called 
phleborheography, as well as by phlebography, the total gross er- 
ror has been 26 or 5.7%. Three of these errors were artifacts, 
which have virtually been eliminated. Four errors were equivocal 
tracings. These are clarified by repeating the phleborheogram, on 
a daily basis, if necessary. Seven were physicians’ errors in inter- 
pretation, which can be detected by reviewing the tracing in ret- 
rospect. And 12 were test errors. All test errors occurred in below- 
knee thrombi. 

There have been no errors to date in any thrombus occluding 
femoral, external iliac, or common iliac veins or in the vena cava. 

The type of clot that is missed is a 1- to 2-em clot in one of the 
veins below the knee. In 34 extremities in which the clots were 
limited to veins below the knee, the false-negative test results 
number 25%. 

In a phleborheographic tracing, the first line shows respirations 
recorded from a bellows around the chest. The second line is a 
tracing from the recording cuff placed around the lower part of 
the thigh. The third, fourth, and fifth lines are tracings from the 
upper, middle, and lower portions of the leg. The sixth line is a 
tracing from the foot. 

There are two important points to note in the phleborheogram 
of a normal extremity: (1) When pressure is applied to the foot, 
the tracings from the leg and thigh show no rise in base line, but 
remain level. (2) The respiratory waves, measured directly by the 
bellows around the thorax, are transmitted clearly to the thigh 
and leg. : 

In a patient with deep venous thrombosis, the phleborheogram 
shows a rise in base line whenever pressure is applied distally. 
This indicates obstruction to the blood flow. If respiratory waves 
are present, the obstruction is chronic. If they are absent, the ob- 
struction is acute. Thus, one can usually tell whether deep venous 
thrombosis is present and also whether it is acute or chronic. 

Finally, phleborheograms have been performed on more than 
2,800 extremities, at risk of developing or with presumptive deep 
venous thrombosis clinically, for which no phlebogram was ob- 
tained. Approximately 13% of the phleborheograms were abnor- 
mal, while 1% were equivocal. In this group, no errors have sur- 
faced. We realize the probability of errors, but the fact that none 
has become clinically apparent suggests that small clots in the 
calf do not all propagate, and in all likelihood, are of small signifi- 
cance until they reach the popliteal vein. 

Phleborheography has proved to be extremely valuable, particu- 
larly for screening patients for deep venous thrombosis in office 
practice, in the emergency room, and for hospitalized patients. 

WILLARD JOHNSON, MD, Boston: I would like to discuss several 
points brought out by this paper. First, what is the diagnostic reli- 
ability of these tests? About two years ago we initiated a small 
study to evaluate these new techniques in our hands. 

In 32 extremities suspected of having phlebitis and having 
phlebography confirmed thrombi in 16 extremities, the clinical 
diagnosis by the referring physician was accurate only 59% of the 
time. 

The impedance exam was accurate in only 53%. However, I be- 
lieve this is because at that time the technique that was used was 
one of deep breathing and Valsalva and not the current recom- 
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mended technique of thigh occlusion and venous outflow studies. 

The Doppler examination in our studies of these patients was 
only 62% accurate. However, supporting the results of Dr. Yao, ra- 
dionuclide phlebography was 80% accurate, and most of the errors 
that did occur were in patients with thrombi below the knee. 

Our concern with these tests was in our inaccuracy in deter- 
mining thrombosis below the knee. We were also perplexed by a 
few patients whose thrombi were only in the lower part of the leg, 
but who had multiple small asymptomatic pulmonary emboli. 

I would like to ask Dr. Yao several questions. Do you think that 
you missed any lower leg phlebitis in those 45 patients who were 
suspected of having thromboembolic disease but had normal test 
results? 

Do you think it is necessary to anticoagulate such patients with 
thrombosis limited to only the lower part of the leg? 

The third question relates to the sequential testing that you 
mentioned in the abstract. Specifically, when you get a conversion 
from an abnormal to a normal test result, do you stop anti- 
coagulation and, if not, when do you stop anticoagulation? 

Dr. BERGAN: Drs. Yao, Henkin, and I would like to thank the 
discussants who have augmented the paper by their remarks. We 
know Dr. Linton’s interest in prophylaxis of venous thrombosis 
and, of course, we are interested in prophylaxis as well. 

That Dr. Linton’s method is good has been shown in England 
where Mr. John Hobbs’ introduction of the fibrinogen test has al- 
lowed assessment of the epidemiology of thrombosis. Proof that 
the exercise that Dr. Linton advocates does indeed empty calf 
veins is shown by tagged fibrinogen studies. 

Dr. Gaylis illustrates by his technique that new methods extend 
our sensibilities. We can confirm his observations. One can indeed 
use ultrasound to measure venous pressure. The method is not 
particularly accurate, but allows measurement of venous pressure 
at the ankle level. And, as was pointed out at the end of his re- 
marks, it is unfortunate that venous thrombosis in the lower ex- 
tremity is not always associated with an increase in venous pres- 
sure. 

Mr. Hobbs has asked the penetrating question of what is the 
cause of the isotopic hot spots. We have done a limited number of 
experiments in the dog creating our own clots and tagging them 
with human albumin microspheres. The experiments are enlight- 
ening and, while these clots do not give us the entire answer, it is 
clear to us that hot spots are clots. There are hot spots that are 
commonly seen in the area of the groin also and these may not be 
clots but instead may be areas of venous stasis distal to the ingui- 
nal ligament. 

Dr. Cranley’s method is very good. I am particularly interested 
in its low failure rate. As you could see from our own presentation, 
the combination of any two tests of ours gives us an accuracy ap- 
proaching 90%, but nowhere near the 98% Dr. Cranley indicates. 

However, Dr. Cranley did put his finger on a very significant 
point that partially answers the question asked by Dr. Johnson. 
Calf clots are exceedingly common; they may be the cause of pul- 
monary embolization, but such emboli are of almost no clinical sig- 
nificance. 

Now, it seems ridiculous to say that pulmonary emboli are not 
significant, but these pulmonary emboli may cause pleurisy but do 
not cause death. It is not our practice to recommend anti- 
coagulation to patients who have simple calf vein thrombosis. 

Dr. Johnson’s questions are difficult to answer. We do not know 
the exact incidence of calf vein clots being missed, of course. 
There are some, no doubt. 

As to when to stop anticoagulation, who can answer that? We 
would continue with a conservative approach recommending anti- 
coagulation for six to 12 weeks, or even for six months. 
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Isotopic Cardiac Pacemaker 


Dlirical Use 
Andr=w A. Gage, MD; Willam M. Chardack, MD; 
Anth-ny J. Federico, MD 


Ou experēnse, covering two yeers, and the worldwide experience, 
coverng nearlyfour y2ars, indicate a high degree of reliability of the 
Medteonic-Laurans-Alcatel isotopic cardiac pacemaker. No nuclear 
batte-y failure and only one failure of pulse generator electronics has 
occurred. Recovery of devices removed at death or for other reasons 
has been compete. Data on radiation levels and pulse generator out- 
out imdicate a potential pulse generator life of 20 years. Nonnuclear 
and less expensive power soerces can be expected to satisfy the five- 
to tee-year requirements of approximately 85% of patients requiring 
a pasemake™. The nuclear-powered device, if released for general 
use, still offers defin te advantages in the 15% of patients in the 


younger age group. 


7 first successful implantation of a self-pow- 
ered zardiac pacemaker took place in 1960.' Clini- 
cal benefit was immediacely obvious and usage burgeoned 
so that a recent survey’ indicated that since then approxi- 
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mately 130,000 pacemakers have been inserted in the 
United States and Canada and that approximately one in 
2,500 persons had an implanted pacemaker. This dramatic 
increase reflects not only a greater diagnostic awareness 
but also a broadening of indications. Initially used for the 
treatment of complete atrioventricular block in a group of 
patients whose mean age was 70 years, implantable pace- 
makers are now finding increasing application in the 
treatment of a variety of cardiac arrhythmias, many of 
which occur in young and middle-aged patients. 


In the mid- and late 1960’s, when conventional mercury © 


cells were yielding an average pulse generator life of 
about two years, serious consideration was given to the 
use of nuclear energy to power a long-lived implantable 
pulse generator. This interest culminated in the first im- 
plantation of a nuclear pulse generator in April 1970 by 
Laurens and Piwnica in France.’ In July 1972, the US 
Atomic Energy Commission licensed us to use this device 
clinically and since then we have treated 20 patients. We 
have also treated five patients with an isotopic pulse gen- 


erator developed in the United States (Arco Nuclear Com- — 


pany), and these cases will be reported elsewhere as part 
of a collective study now under way. 

The isotopic pulse generator (Medtronic-Laurens-Alca- 
tel) combines a radioisotope battery developed in France 
with the electrodes and electronics described several years 
ago by our group and manufactured in the United States 
(Fig 1). The power source is a 150-mg pellet of plutonium 
938-scandium alloy. Plutonium 238 was selected because it 
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is predominantly an alpha emitter with a half-life of 86.4 — 


-E E ee 


Fig 1.—Ilsotcpic pulse generator (Medtronic-Laurens-Alcatel) with attached helical coil electrode. Cutaway diagram shows construction of 


puls- generator. 
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Fig 2.—Decline in pacemaker voltage over 20-year period. 
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years. It decays predictably into uranium 234 with emis- 
sion of helium, the increasing pressure of which is con- 
tained in a void space in the fuel capsule. The nuclear fuel 
is contained in a capsule composed of an inner layer of 
tantalum and an outer layer of platinum, the latter being 
chosen because of its optimal resistance to corrosion. The 
fuel capsule serves as a heat source at a temperature of 
less than 100 C (212 F) and heat is transformed into elec- 
tricity by a bismuth telluride thermocouple. This assembly 
is insulated against heat losses and terminates at the tita- 
nium housing of the complete pulse generator assembly. 
This outer capsule of the pulse generator serves as the cold 
source and is at approximately 0.5 to 1 C (82.9 to 33.8 F) 
above body temperature. 


672 Arch Surg/Vol 109, Nov 1974 
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Fig 3.—Annual radiation dose equivalent to organs from pulsé 
generator above left pectoral muscle. 


The thermocouple delivers an open circuit voltage of 1.1 
v (beginning of life) with a power output specified at 250uw 
(beginning of life) and a minimum of 200uw after ten 
years, which was the initially intended design life of the 
pulse generator. The electrical power generated is di- 
rected into a direct current to direct current converter 
with an output voltage of about 6 v. The electronic circuit- 
ry is that of an R wave suppressed demand pacemaker 
with a slight “hysteresis” feature. It initiates pacing 
when the patient’s cardiac rate falls below 65 beats per 
minute and then continues to pace at a rate of 72 beats 
per minute. The output of the pulse generator is biphasic 
with a rectangular 6-v stimulus of 1.1-msec duration. The 
electronic components are cast in an epoxy resin and the 
pulse generator as a whole is hermetically sealed by a tita- 
nium housing impermeable to water vapor, protecting the 
electronic components and contributing to shielding 
against external electromagnetic interference. 

The radiation level on the surface of the pulse generator 
depends largely on the plutonium 236 impurity content of 
the plutonium 238 fuel capsule, which is held to less than 
0.6 ppm. The average radiation level on the surface of the 
pulse generator in contact with tissue is 3.8 mrem/hr. In 
tissue, at a distance of 11 cm from the pulse generator, the 
radiation level equals that of the natural background 
level.’ 

The fuel capsule alone, as well as the entire pulse gener- 
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Fig 4.—Isodese equivalent curves for pulse generator placed in 
teft pectora asea for ten-year period. 


ator have been submitted to extensive testing under con- 
ditiens sinu:ating a variety of credible accidents, such as 
veh=le collis on, airplane crash, fire and collapse of build- 
ings, drownmg, burial, effects of firearms, and cremation. 
Tess were dso conducted under internal pressures (with- 
in tLe fuel capsule) that can be expected after ten years of 
funetionirg. The objective of these tests was the veri- 
ficaiion of centairment of the radioactive material under 
these stresses. Testing was performed in Europe and in 
this country and the results showed performance of the 
deyze to meet the specifieations initially set by the 
Atomic Energy Commission and its European counter- 
par- In regard to cremation, recently these standards 
werm slightly raised to require tolerance to exposure to 
1,300 C (2,472 F) for 90 minutes under internal pres- 
guration carresponding to end of life (ten years). In ad- 
ditien, in order te increase environmental safety in case 
of wmninteatinal eremation without prior removal of the 
pul generstor, the use of plutonium oxide, rather than 
plutbniun=seandium alloy is now required. Although the 
probability of cremation without prior removal of the 
pul gen2retor appears to be remote, the recommended 
changes zre now being implemented. In regard to the 
buiHup from internal pressures, hundreds of years would 
be Equired defore these need be considered as a risk. 
Implantation of the device is still considered investiga- 
tioral by tae regulatory agencies in Europe and the 
Unted States. Tre Atomic Energy Commission has indi- 
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Fig 5.—Ilsodose equivalent curve for pulse generator placed in left 
upper quadrant of abdomen for ten-year period. 


cated that the number of devices to be implanted in the 
United States will be held to 500 until enough data become 
available to permit the Atomic Energy Commission to 
make an “environmental impact statement” and to ap- 
praise the benefit to the patient with the risk to the pa- 


tient and to the population at large, if any. Approval for — 


wider scale use will depend on the results of this environ- 
mental impact study, completion of which is expected 
early in 1975. 


CLINICAL DATA 


The isotopic pulse generator was first implanted by us in July © 


1972 and since then has been used in 20 patients ranging in age 
from 30 to 61 years (mean, 49). The indications for the use of a 
pacemaker were chronic heart block (14 patients) or intermittent 
heart block associated with sinus rhythm or lesser degrees of 
block (six patients). Before installation of the isotopic unit, a num- 
ber of restrictions imposed by the Atomic Energy Commission on 
the patient and the treating physician must be satisfied. These are 
summarized below and are concerned chiefly with the follow-up of 
the patient and the retrieval of the device in case of death. 

1. Ten-year life expectancy (ie, maximum age approximating 
65 years) after correction of the cardiac arrhythmia, must be pres- 
ent. 

2. Informed consent to investigative treatment must be given 
by patient. 

3. Patient must be acquainted with other available pacemakers. 

4. Patient must consent to wear an identification card and a 
metallic bracelet (showing telephone number of responsible hospi- 
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so 








tal to be notified in case of death). 

5. Patient must notify hospital of change of address. 

6. Patient must notify Atomic Energy Commission (through 
the hospital) of intention to travel abroad. 

7. Patient must consent to postmortem removal of pacemaker 
(under the Uniform Anatomical Donor Act). 

8. Follow-up examinations must be done at three-month inter- 
vals. 


For primary installations (six patients), we have used myocar- 
dial electrodes either through an anterolateral thoracotomy or a 
midepigastric incision and resection of the xiphoid appendage. 
For primary installation, we strongly believe that endocardiac 
electrodes should not be used because of the relatively high inci- 
dence of complications, such as electrode displacement and perfo- 
ration of the myocardium. Since the patients selected for installa- 
tion of the isotopic pulse generator fall into an age group with an 
upper limit of 65 years, the risk of general anesthesia and a tho- 
racotomy should be negligible. In regard to those in whom the nu- 
clear unit was to be a replacement for a conventional pulse gener- 
ator already in place (14 patients), we have accepted myocardial 
electrodes as well as endocardiac electrodes in stable position and 
exhibiting low stimulation thresholds. The threshold of stimula- 
tion averaged 1.6 v (range, 1.0 to 2.5 v in electrodes in place for 
one to ten years (Table). 

In the 20 patients we have operated on, with a follow-up rang- 
ing from two months to two years and a mean follow-up of 15 
months, the course has been entirely uneventful. There have been 
no failures. At this time, 14 patients have complete heart block 
and are constantly paced. The remainder have intermittent heart 
block or intermittent sinus bradycardia and usually the pulse gen- 
erator output is suppressed. In such patients, in follow-up exami- 
nation, pacemaker function can be demonstrated by application of 
a magnet to the skin over the pulse generator, which will cause it 
to function in a fixed rate mode and emit stimuli that can be seen 
on the electrocardiogram or other monitoring device. 

The total clinical experience in the world, based on monthly re- 
ports from the manufacturer to Dr. Laurens and three monthly 
reports to the Atomie Energy Commission, shows that from April 
1970 to May 1978 a total of 796 isotopic cardiac pacemakers have 
been implanted. Initial follow-up has been received on 659 of 
these. All 26 pulse generators removed because of death or other 
reasons have been recovered. There have been a small number of 
system failures attributable to a modification made by the manu- 
facturer in the myocardial electrode. The helical platinum coil was 
replaced by a platinum ribbon multistrand lead that then was 


~ joined to the platinum electrode tip by a mechanical connection 
_ covered by a conductive epoxy resin. Electrode disruption has oc- 


curred in the portion of the leads where the silicone sleeves were 
joined. Such tinsel wire structures are subjected to buckling 
stresses in this area, stresses easily tolerated by a helical coil. Al- 
though the manufacturer has separated the electrode leads, we 
still believe that the junction at the electrode tip has not seen suf- 
ficient time exposure and should not be used in pacemaker sys- 
tems intended to last at least ten years. Instead, in our series we 
have only used helical coil spring electrodes (Fig 1). This electrode 
has been used by us and others and has exhibited excellent me- 
chanical and electrical stability over periods in excess of ten 
years.’ The pulse generator terminals will also accept bipolar en- 
docardiac electrodes of various configurations and sizes and they 
can be used in the unipolar mode with a special adapter providing 
a large surface indifferent electrode. 

Worldwide experience with the isotopic pulse generator has 
been excellent. Over a period of four years, no failures attribut- 
able to the nuclear battery have occurred. Over this time span 
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(equivalent to 1,000 man years), only one pulse generator failure 
has occurred and was caused by an electronic component failure. 
This reliability experience compares favorably with that of con- 
ventionally powered devices and is probably related to the hermet- 
ic encapsulation. 


COMMENT 


The early years of clinical experience with implanted 
pacemakers were characterized by a high incidence of 
electrode problems, and it was not until the mid-1960s, 
when these had been solved, that the power source was 
identified as the limiting factor of pulse generator longev- 
ity. From 1960 to 1970, virtually all implantable pacemak- 
ers were powered by the mercury zinc cell (Mallory RM1) 
developed in the early years of World War II. Our initial 
estimate of a pulse generator longevity of five years, 
made in 1960,' was based on the then available data indi- 
cating a capacity of 1 milliampere-hour per cell and a shelf 
life of ten years. These data from the manufacturer were 
accurate in room air at 21.1 C (70 F). However, at body 
temperature, at 100% humidity, and at the high current 
used with the earlier pulse generators, internal losses re- 
duced the cell capacity and the average pulse generator 
life ranged between two and three years. Since the incep- 
tion of efforts to use nuclear fuel for pacemakers, there 
have been substantial improvements of the mercury cells 
and of the efficiency of the conventional pulse generator 
as well as initial clinical application of other types of 
chemical batteries, such as the lithium cells and recharge- 
able nickel-cadmium batteries. For instance, our own ex- 
perience with mercury cell powered pacemakers, the im- 
pulse duration of which could be noninvasively adjusted, 
now covers 170 patients and four years.’ Using a short-as- 
possible pulse duration to conserve current, the cardinal 
finding was that 97% of the patients had a stimulation 
threshold at or below 0.15 msec (pulse width) at a nominal 
o-v output. The current drain at twice threshold ranged 
between 8 and 12 microamperes. We had the opportunity 
to retrieve two of these pacemakers for various reasons 
after three years of service. The residual capacity in these 
cells indicated a five to six year longevity, even though 
these batteries dated back to 1970. Similar results can be 
expected with other programable devices. A six to eight- 
year life can be expected from mercury cells now available 
and, for the lithium cell, a battery life from seven to nine 
years has been claimed. Therefore, it is essential to make 
a tentative appraisal of the potential life of the radio- 
isotope pulse generator beyond its initial design life of ten 
years, which provided for a rather high output in light of 
what we know now about chronic threshold stimuli. Avail- 
able data have shown that the isotopic pulse generator has 
the capability of function in excess of 20 years (Fig 2). 
With the passage of time, output voltage decreases, but 
still a mean output pulse of 5 v and 1.1 msec would be 
available at the 20-year point. This decrease in output is 
associated with slowing of the stimulation rate of about 3 
beats per minute per ten years. Considering these data in 
relation to voltage thresholds observed in our series of pa- 
tients, a substantial margin of energy would be available 
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over the threshold requirements of the patient even after 
20 wears of pulse generator function. 

Ip terms of radiation safety to the patient, an indepen- 
den- study® made at the Battelle Pacific Northwest Labo- 
ratavies illustrates the yearly dose equivalent from a pulse 
generator placed in the left pectoral area versus various 
rad ation sources in the environment (Fig 3). Note, for in- 
starce, that the ssernum, close to the pulse generator, re- 
ceives an annual dose well below that absorbed by a jet air 
crew. The average radiation received by the torso equals 
tha of the average natural radiation background in the 


United States. Again, with the pulse generator in its cus- 
tomary position in the left pectoral area (Fig 4), the ster- 
num and mediastinal contents would receive 5 rem over a 
period of ten years. Even in the worst case with a pulse 


generator placed into the left abdominal area (Fig 5), over 


a period of ten years, the spleen and the stomach would 
receive 5 rem anda little less than 10 rem over a period of 
20 years and the ovaries about 10 rem, an insignificant 
dose compared to the exposure of several hundred roent- 
gen equivalents man entailed, for instance, by radiation 
therapy for a benign condition such as bursitis. 
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Fibromuscular Dysplasia of 
the Internal Carotid Artery 


Surgical Management 


William K. Ehrenfeld, MD, Edwin J. Wylie, MD 


Twenty patients have undergone a total of 28 revascularization 
procedures for symptomatic fibromuscular dysplasia of the internal 
carotid artery. A wide spectrum of preoperative complaints included 
transient cerebral ischemic symptoms and completed strokes. Only 
one patient sustained a transient postoperative neurologic deficit. All 
patients have had improvement or complete cessation of their preop- 
erative complaints, and there have been no late postoperative 
strokes. The surgical techniques employed, including resection and 
reanastomosis and graduated internal dilation, have been successful 
in establishing widely patent and durable internal carotid artery lu- 
mens. 


ge rene arterial dysplasia, a common ob- 

structive lesion of the renal arteries, has recently 
been reported as a cause of cerebrovascular insufficiency 
from involvement of the extracranial portions of the in- 
ternal carotid artery.'’ The usual site of the lesion is in 
the middle or distal third of the internal carotid artery. 
This portion lies medial to the vertical ramus of the man- 
dibula, a location often inaccessible to direct surgical ap- 
proach without dislocating or dividing the mandibula. The 
present report reviews our surgical experience in 20 pa- 
tients who had unilateral or bilateral revascularization op- 
erations for fibromuscular dysplasia of the internal ca- 
rotid arteries. 


CLINICAL FINDINGS 


There were 18 women and two men in the series (Fig 1). The 
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average age was 52 years. Twelve patients also had renal arterio- 
grams, and fibromuscular dysplasia of the renal arteries was ob- 
served in six of these. The initial symptoms of these 20 patients 





Fibromuscular Dysplasia of the Internal Carotid Arteries: 
Operative Methods in 20 Patients (28 Arteries) 
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Fig 1.—Age and sex distribution of 20 patients with fibromuscular 
dysplasia of the internal carotid artery. 
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Fig 2.—Ca otid arteriograms. Left, Preoperative, showing fibro- Right, Postoperative, following resection and reanastomosis. Inset 
muscular namrowing (arrow) and coiling of internal carotid artery. shows artery at operation in 1966. 

“ig 3.—Lef, Resected carotid specimen from patient in Fig 2. graph shows fibromuscular dysplasia with beginning aneurysm for- 
“Note areas Cf aneurysmal thinning (arrows). Right, Photomicro- mation and superimposed intimal fibrosis. 
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Fig 4.—Carotid arteriograms. Left, Preoperative, showing lengthy 
narrowing of internal carotid artery in 31-year-old woman three 
weeks following left hemiparesis with recovery. Right, Postopera- 
tive, after resection and replacement with saphenous vein auto- 
graft. Pathologic examination of resected specimen confirmed diag- 
nosis of fibromuscular dysplasia. 





Fig 6.—Preoperative right and left arteriograms in 45-year-old 
woman with transient cerebral ischemic attacks consisting of tran- 
sient numbness of left side of face and transient weakness of left 
arm. Both show typical beaded appearance of fibromuscular dys- 
plasia of distal portions of internal carotid arteries. Patient also had 
aneurysm of intracranial siphon portion of left internal carotid ar- 
tery (arrow), a not uncommon lesion in patients with fibromuscular 
dysplasia in carotid or renal arteries. 


and their frequency of appearance were as follows: previous 
stroke, seven (monoparesis, two; hemiparesis, five); hemispheric 
transient ischemic attacks, seven; lightheadedness, eight; syncope, 
three; transient visual blurring, two; noise, three. Only one patient 
was asymptomatic, and operation to restore a normal carotid lu- 
men was performed in advance of a major hip replacement oper- 
ation. The major preoperative complaints in 11 patients were lat- 
eralizing transient ischemic attacks, a previous stroke, or both. In 
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Fig 5.—Carotid arteriograms. Left, Preoperative, showing fibro- 
muscular dysplasia of middle third of right internal carotid artery 
(arrow). Right, Postoperative, showing wide patency of arterial lu- 
men following graduated intraluminal dilation. 





Fig 7.—Left, Operative right carotid arteriogram following gradu- 
ated intraluminal dilation in 1970 in patient in Fig 6. Right, Arch 
aortogram performed 42 months postoperatively showing some re- 
sumption of preoperative coiling but continued wide patency of di- 
lated right internal carotid artery (arrow). 


each case, substantial stenotic lesions were present in the appro- 
priate internal carotid artery and no other cause for hemispheric 
symptoms was demonstrated. Almost all of the patients were 
aware of an abnormal noise in one or both ears. In three patients, 
the only indication for operation was to obtain relief from the dis- 
tress and sleeplessness caused by the noise. 

A noteworthy physical finding was a cervical bruit in 26 of the 
28 arteries operated on. In most patients, the intensity of the 
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Fic 8.—Let, Appearance at operation of right carotid artery prior 
to fiation in patient in Fig 6 and 7. Note series of beaded, inter- 
mittently diated areas consistent with fibromuscular dysplasia in 
distaamost poron of internal carotid artery (arrow). Right, Same ar- 
tery ollowirg dilation; site of arteriotomy (arrow). 





Fig 9.—Preoperative right end left carotid arteriograms in patient 
whose only coraplaint was loud noise in right ear. Fibromuscular 
«ysplesia is resent in each internal carotid artery (arrows). 


Eru& -xceeded -hat usually aeard in patients with atherosclerotic 
stenmpsis of tre 2arotid artery. 


ARTERIOGRAPHIC FINDINGS 


Several arcerograrhic patterns were observed, varying from 
te dessical extended beadee appearance to more isolated stenotic 
sian . In seven patients, tae lesions were confined to the more 
=rowimal hal o- the internalcarotid artery and were accessible to 
Sjreet-repair I= the remaimng patients, the lesions were in the 
aiddi- or dtd third of tle artery and extended beyond the 
—acac of the castomary cervical approach. The disease appeared 
= spa-e the dis=al 1 em of the cervical portions of the internal ca- 
tič artery anë the segment within the bony canal. Fifteen of the 
> patents had vilateral invc vement. Lengthening of the internal 
-arocie artery resulting in cailing or tortuosity was a prominent 
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Fig 10.—Left, Operative right carotid arteriogram in patient whose 
preoperative arteriogram is shown in Fig 8. Right, Same patient 
eight days postoperatively (subtraction technique). Wide patency of 
lumen has been established and noise is no longer heard by patient. 
Left carotid stump pressure as measured by ocular pneu- 
moplethysmograph’ rose from 60 to 110 mm Hg after operation, 
suggesting adequacy of available collateral blood supply to left 
hemisphere. This prompted decision not to operate on left carotid 
lesion. 


finding in most patients. Kinking was an occasional finding and 
usually occurred at the point of transition between normal and 
diseased artery. In one symptomatic patient with a severe kink, 
an unsuspected hemodynamically insignificant lesion of fibro- 
muscular dysplasia was found at the site of acute angulation dur- 
ing excision of the redundant portion of the carotid artery. 


SURGICAL METHODS 


Unilateral operation was performed in 12 patients and staged 
bilateral operations in eight. Access to the artery distal to the dis- 
eased segment was possible in eight operations because the le- 
sions were in the proximal half of the internal carotid artery. In 
four of these, redundancy of the artery permitted resection of the 
involved segment and simple reanastomosis (Fig 2 and 3). An in- 
terposition saphenous vein graft was required in the other four 
(Fig 4). In one of these operations the carotid stump pressure was 
25 mm Hg and an internal shunt was used. This was the only pa- 
tient in the series whose carotid stump pressure was less than 50 
mm Hg. 

In 20 operations it was impossible to reach the distal normal ar- 
tery by the conventional surgical approach. In these patients, res- 
toration of normal patency was restored by graduated internal di- 
lation utilizing biliary duct dilators inserted into the bulbous 
portion of the internal carotid artery and passed to the level of the 
carotid foramen (Fig 5 through 10). Four patients had associated 
minor atherosclerotic lesions in the carotid bulb that were re- 
moved by endarterectomy. 


RESULTS 


Normal patency of the internal carotid artery was dem- 
onstrated in all patients by postoperative arteriograms. 
Residual minor ragged defects were observed along the 
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Fig 11.—Technique of graduated dilation of internal carotid artery 
for fibromuscular dysplasia. Division of carotid sinus nerve permits 
caudad traction on common carotid artery to straighten internal ar- 
tery prior to passage of dilator. In patients with greater degree of 
tortuosity of distal part of internal carotid artery than suggested by 
this drawing, more effective maneuver is to exert downward traction 
on internal carotid artery only by sling of soft rubber tubing encir- 
cling internal carotid artery at its origin. Traction is applied after 
dilator has been advanced a short distance within artery. 


arterial wall in most patients who had undergone arterial 
dilation. These were interpreted as representing rem- 
nants of the ruptured diaphragms. Three of these patients 
had a second postoperative arteriogram from 12 to 42 
months after operation at which time these defects had 
lost their ragged appearance and there was no substantial 
arterial narrowing. 

One patient whose diseased arterial segment was re- 
sected and in whom an internal shunt was used developed 
transient mild aphasia and monoparesis postoperatively 
that virtually disappeared by 30 days. There were no other 
focal postoperative neurologic deficits. Two patients have 
had only occasional episodic lightheadedness and all other 
patients have been relieved of their preoperative symp- 
toms. There have been no late strokes in follow-up periods 
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varying from four months to eight years. The surgical re- 
sults are summarized in the Table. 


COMMENT 


Review of the preoperative symptoms of the patients in 
this series indicates that fibromuscular dysplasia of the ca- 
rotid arteries is not as innocuous a process as was previ- 
ously believed. Of interest is the number of patients who 
had a clear-cut history of a completed stroke and an addi- 
tional group of patients who had transient lateralizing 
symptoms. The responsible mechanism in these patients 
would appear to be thromboembolic. Possibly thrombus 
collects as a result of eddy currents about the diaphragms, 
or there may be subintimal hemorrhage with dissection. 
The variable arteriographic pattern suggests that the lat- 
ter possibility is not unlikely. 

The operative techniques appear to be quite satisfactory 
in providing widely patent and durable arterial lumens. 
Since Morris and his associates’ introduced the technique 
of transluminal dilation for inaccessible carotid lesions of 
fibromuscular dysplasia, this method has been successfully 
applied to similar lesions involving the renal arteries. A 
series reported by Fry and his group* indicates that dila- 
tion is durable in the renal arteries, and the later arterio- 
graphic appearance in three patients in our series sug- 
gests the same will hold true for the internal carotid 
arteries. 

Certain technical observations and suggestions have re- 
sulted from this experience. When dilation is to be used 
and there is tortuosity in the diseased inaccessible arterial 
segment, it is important to straighten the artery before 
passage of the dilator (Fig 11). This can be accomplished if 
the artery is freed of its investing tissue as close to the 
base of the skull as possible. With adequate retraction, one 
can reach a level considerably beyond the highest point 
that would allow resection and anastomosis. Division of 
the carotid sinus nerve and its adjacent tissue then per- 
mits sufficient caudad retraction of the common carotid 
artery to straighten the internal carotid artery. 

The following additional steps have been useful in per- 
forming the dilation: A 2-mm dilator is first inserted into 
a 1-cm longitudinal arteriotomy in the carotid bulb. With 
caudad retraction on the clamped common carotid artery, 
the dilator is passed upward until resistance is encoun- 
tered. Gentle pressure has always been followed by sud- 
den release of resistance. The dilator is then advanced to 
the bony carotid foramen. The subsequent passage of a 3- 
mm and 4-mm dilator is usually accomplished without fur- 
ther resistance. The use of a larger dilator is rarely re- 
quired, and carries some risk of damaging the undiseased 
intima. Following removal of the last dilator, a few sec- 
onds of vigorous back bleeding is allowed to wash free 
possible intimal fragments or thrombi. The arteriotomy is 
then isolated by a partially occluding vascular clamp and 
forward flow is reestablished. Since the entire procedure 
up to this point can generally be accomplished in less than 
a minute, internal shunting is not necessary. Because the 
arteriotomy is limited to the carotid bulb, simple closure 
without patching concludes the procedure. 
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DISCUSSION 


JaæmES C. STANLEY, MD, Ann Arbor, Mich: Drs. Ehrenfeld and 
Wyl= deserve muck credit for their continuing contributions to 
the Seld of carotid artery surgery. Their extensive operative expe- 
rienee with this particular disease, as described today, nearly 
eques the sum total of all previously reported operations for ca- 
rotic artery fibrodysplasia. 

WIlliam L Fry and I have recently reported our experience with 
this anusuel disease entity. Aside from an admonition that pa- 
tiens be theroughly evaluated and cautiously selected for oper- 
atior, we would poiat out a number of problems unique to these 
pati- nts, into which the authors might provide some insight. 

E-tracraaial vertebral arteries of these patients often manifest 
rather biza-re abnormalities. Eight of our 17 patients had obvious 
dysplastic lesions cf these vessels, and two others exhibited 
charges highly suggestive of fibroplasia. An unusual finding was 
the sresence of small sacciform aneurysms having the appearance 
of ixtramu-al dissections. Our surgical efforts have not yet been 
dire ted to such diseased vertebral arteries. Their pathology nev- 
ertheless has proved somewhat disquieting to us. 

Seven of our 17 patients harbored a total of 14 intracranial an- 
eurjsms. Sach aneurysms cannot be ignored. Four patients sus- 
tain=d suberachnoid hemorrhage that eventuated in the death of 
thre patients. Caretid fibroplasia was recognized before aneu- 
rysr_al rupture occtrred in these instances, and none of the pa- 
tienss had been subj2cted to earlier carotid artery operations. Res- 
tituaion of normal pulsatile blood flow through diseased internal 
earcid arteries to c2rebral vessels where these aneurysms reside 
is o> obvious concern. 

Finally, we have encountered limited and seemingly inconse- 
quertial swaintimal dissections following graduated dilation of in- 
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ternal carotid arteries. This has not been observed in our eight- | 


year experience with similarly dilated second and third order 
branches of renal arteries. The potential exists for catastrophic 
occlusion of carotid arteries, especially if this operative technique 
is undertaken casually. Again, Drs. Ehrenfeld and Wylie are to be 
commended for furthering our understanding of the management 
of patients with carotid artery fibroplasia. 

Dr. EHRENFELD: We are certainly indebted to Drs. Stanley and 
Fry for their contributions regarding use of some of these tech- 
niques in renal artery surgery for fibromuscular dysplasia. Dr. 
Stanley was kind enough to provide me with a copy of his paper, 
and it is indeed a very elegant review of the experience to date of 
fibromuscular dysplasia of the carotid arteries. Many of the points 


Ocular pneu- — 


) 
3 F) 

4r 

D a 2s 


x 


‘aie Sad 


witha tet 


a iy 


cn 


—_ M 


that he brought up this morning are very well covered in his man- — 


uscript. | 

In one of our patients there was clear evidence of fibromuscular 
dysplasia of the vertebral artery. We believe that in that patient 
it was not clinically significant. Regarding associated intracranial 
aneurysm disease, Drs. Wylie and Binkley reported on this several 
years ago at the Pacific Coast Surgical Association. This associa- 
tion should be kept in mind and intracranial views should be car- 
ried out because these patients are at risk from late aneurysmal 
rupture and hemorrhage. 


Regarding dissection within the wall following dilation, we have i 


not seen anything that was unusually alarming in our postopera- 


tive arteriograms, although some defects are seen. We have stud- | 


ied three patients late postoperatively and the angiographic ap- 
pearance of the disease appears to be, if anything, improved in 
these late studies. 
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Endarterectomy Under Regional Anesthesia 
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Internal carotid artery (ICA) back pressure correlates collateral ce- 
rebral blood flow, providing a critical pressure necessary for carotid 
endarterectomy without a shunt. The ICA back pressures were mea- 
sured in 43 patients undergoing 50 endarterectomies under regional 
anesthesia. A four-minute ICA test occlusion was used to determine 
need for shunting. Mean ICA back pressure was 69 + 2 (SE) mm Hg 
in 22 procedures (group 1), 34+ 2mm Hg in 25 procedures (group 
2), and 15 + 3 mm Hg in three procedures (group 3). Differences be- 
tween groups were significant (P <.05) without significant (P > .05) 
differences in systemic pressure. Group 3 patients did not tolerate 
temporary carotid occlusion, confirming 25 mm Hg as the lower 
limit of adequate collateral flow. Five patients developed neurological 
complications, three in group 1 and two in group 2. Embolization 
may have occurred in two patients. However, some patients require 
more than minimum collateral flow and consequently need ICA back 
pressures higher than 25 to 50 mm Hg. 


Coe endarterectomy has become an effective pro- 
cedure for improving patients with symptomatic ca- 
rotid arterial stenosis.'? Stroke is the most disabling and 
significant complication occurring during or after the op- 
erative procedure. Critically low perfusion pressures dur- 
ing the period of carotid arterial cross clamping or dis- 
lodgment of atherosclerotic emboli from the carotid 
bifureation during its mobilization account for most of 
these complications.’ 

Cross clamping the carotid artery for performance of 
endarterectomy is well tolerated by most; however, as 
many as 10% of patients develop neurological sequels." 
Careful surgical technique can reduce the incidence of em- 
bolization. However, identification of those patients whose 
er aera ote. ee eee et AE 
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postoperative complications are the result of critical re- 
ductions in cerebral perfusion is difficult and controver- 
sial. Several methods to determine the adequacy of collat- 
eral cerebral flow have been described. Temporary tést 
occlusion of the carotid artery during local or regional an- 
esthesia with frequent evaluations of neurological sta- 
tus,** operative measurement of internal carotid artery 
(ICA) back pressure during a brief occlusion of the 
common and external carotid arteries,‘ and operative de- 
termination of regional cerebral blood flow (RCBF) by 
isotopic techniques during a test occlusion of the carotid 
artery’ have proved to be the most useful in identifying 
patients with marginal collateral cerebral blood flow. 

During a previous five-year period at our institution, 
232 carotid endarterectomies were performed, 90% under 
regional anesthesia, with a 5% incidence of postoperative 
neurological deficit, 3% transiently and 2% permanently.’ 
In 1969, Moore and Hall‘ were able to accurately predict 
tolerance to carotid arterial clamping in patients under- 
going endarterectomy under regional anesthesia by deter- 
mining the critical level of ICA back pressure. In view of 
our continued use of regional anesthesia as well as our de- 
sire to reduce the incidence of postoperative neurological 
complications, we decided to analyze prospectively the 
usefulness of ICA back pressure in patients undergoing 
carotid endarterectomy under regional anesthesia. In ad- 
dition, we continued to use a test occlusion of the internal 
carotid artery to determine the adequacy of collateral ce- 
rebral flow. 


SUBJECTS AND METHODS 


During the period October 1972 to November 1973, 50 elective 
carotid endarterectomies were performed on 43 patients. Seven 
patients had staged bilateral procedures. The series included 12 
women ranging in age from 51 to 77 years (mean, 61 years) and 31 
men ranging in age from 47 to 75 years (mean, 59 years). Indica- 
tions for operation were transient ischemic attacks in 29 patients 
(67%); previous cerebral vascular accident in seven patients (16%), 
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with nterm ttent transient symptoms in six and residual symp- 
toms in one patient. and asymptomatic carotid bruits accom- 
panic by c=rotid arteriograms demonstrating greater than 50% 
steno=is obt=ined prier to a planned major operative procedure in 
sever patierts (16%). All patients had arch and four-vessel arteri- 
egrarny presperatively. Operative arteriograms were obtained in 
25 Cases. 

All datienss received superficial and deep cervical plexus blocks’ 
with ..5% mepivacaine (Carbocaime) hydrochloride or 1.5% lido- 
eaine{ Xyloeaine) hydrochloride. Blocks were supplemented by lo- 
eal infiltraton of 05% lidocaine as necessary. Premedication 
consisted ot either diazepam (Val.um), 10 mg administered intra- 
muse larly, ər a mixture of fentanylcitrate and droperidol (Inno- 
var), - to 2 ml admiristered intramuscularly, and glycopyrrolate 
(Robiaul), 0.2 to 0.8 mg administered intramuscularly. Diazepam 
was esed fc sedaticn intraoperatively as needed. Patients re- 
ceiyee oxygen via nasal prongs at a flow rate of 3 liters per minute 
during the period of time in the operating room. Patients were in- 
tervieved p»stoperatively as to zhe adequacy of the anesthetic 
technaque. 

In the marity of patients, mean systemic arterial blood pres- 
sure was obtained from radial arterial catheters attached to 
transducers calibrated at the start of each operation with a 
mercery menometer. Measurements were displayed on an os- 
cillosæpe. Ir the remaining patients, mean arterial pressure was 
caleulkted for values obtained from the standard blood pressure 
cuff ( iastol pressure plus one third pulse pressure). 

The carota arterial bifurcation was exposed through a linear 
incisi-n just anterior to the sternocleidomastoid muscle. The ICA 
back ~ressur2 was measured beneath the common and internal ca- 
rotid arteria lesions by inserting a 22-gauge needle attached to a 
press re catmeter and transducer. Measurements were recorded 
en a -ual-channel recorder. Patients were categorized according 
to IC back pressures: group 1, greater than 50 mm Hg; group 2, 
great.r thar or equa to 25 mm Hg and less than or equal to 50 
mm Eg; greup 3, less than 25 mm Hg. The Figure presents 
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the method used to obtain these pressures. 

Aqueous heparin (5,000 to 7,500 units) was then injected into the 
common carotid artery or intravenously and vascular clamps were 
applied to the common, external, and internal carotid arteries dur- 
ing a four-minute test occlusion prior to performing the carotid 
arteriotomy. The patient’s neurological status was assessed dur- 
ing this period of time for signs of cerebrovascular insufficiency. 
If the patient developed signs or symptoms of inadequate collat- 
eral cerebral blood flow, clamps were immediately removed and 
the operation postponed for a period of clinical observation. In 
those patients undergoing successful endarterectomy, ICA back 
pressure was again determined after closure of the carotid arte- 
riotomy. 

The ICA back pressures were expressed as mean plus or minus 
the standard error, and differences between groups were eval- 
uated by the Student t test, while differences between clinical 
series were evaluated by the chi-square test.” 


RESULTS 
Arteriograms 


Preoperative arteriograms demonstrated bilateral ca- 
rotid stenosis in 27 patients (63%). Staged bilateral proce- 
dures were performed in seven (16%) patients. In the re- 
maining 20 patients (46%), the opposite carotid stenosis 
was minimal or less than 50%. Seven patients (16%) had 
complete occlusion of the opposite carotid artery. Nine pa- 
tients (21%) had ulcerative lesions roentgenographically, 
generally associated with less than 50% arterial stenosis. 
Vertebral stenosis or unilateral vertebral ocelusion was 
present in ten patients (23%). 

Operative arteriograms demonstrated a satisfactory en- 
darterectomy in all 25 operations evaluated. Patient fa- 
tigue and the surgeon’s desire to avoid injection dis- 
comfort for the patient were the common reasons for not 
obtaining operative arteriograms in all cases. 


Anesthesia 


Anesthesia was evaluated by the patients as satisfac- 
tory in 41 operations (82%). Five patients (10%) character- 
ized the anesthesia as fair, while four patients (8%) be- 
lieved the anesthesia to be poor. Time required for the 
regional block and operation averaged two to 2% hours 
with carotid occlusion times of 18 to 42 minutes (mean, 32 
minutes). Complaints of restlessness and fatigue were 
common among patients, even in the presence of adequate 
cervical blocks. 


ICA Back Pressures 


Group 1 patients (22 procedures) had a mean ICA back 
pressure of 69 + 2 (SE) mm Hg (range, 55 to 85 mm Hg). 
Mean systemic arterial pressure was 127+ 7 mm Hg 
(range, 90 to 180 mm Hg). Patients in group 2 (25 proce- 
dures) had a mean ICA back pressure of 36 + 2 mm Hg 
(range, 25 to 50 mm Hg). Mean systemic pressure was 
115+ 5 mm Hg (range, 90 to 170 mm Hg). Group 3 pa- 
tients (three procedures) had a mean ICA back pressure of 
15+ 3 mm Hg with a mean systemic pressure of 187 + 7 
mm Hg. The ICA back pressures were significantly 
(P <.05) different between groups; however, mean sys- 
temic arterial pressures were not significantly (P> .05) 
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different. No episodes of prolonged operative hypotension 
occurred. 

The ICA back pressures in patients undergoing success- 
ful endarterectomy (groups 1 and 2) did not change signif- 
icantly (P> .05) when repeated after operation. In seven 
patients with unilateral carotid occlusions, six were in 
group 2 and one in group 1. All patients tolerated the op- 
erative procedures well. In one patient with an additional 
unilateral vertebral occlusion, ICA back pressure was 50 
mm Hg. In the seven patients undergoing staged bilateral 
carotid endarterectomy, mean ICA back pressure was 
41 + 6 mm Hg (range, 25 to 65 mm Hg) at the time of the 
first procedure while the pressure was 44 +9 mm Hg 
(range, 25 to 75 mm Hg) at the time of the second en- 
darterectomy. These pressures were not significantly 
(P> .05) different. 


Neurological Complications 


In group 1, three patients were unable to tolerate the 
period of test clamping of the carotid artery and they de- 
veloped neurological deficits during the test occlusion. In 
one patient whose ICA back pressure was 70 mm Hg, ex- 
pressive aphasia and monoparesis was completely revers- 
ible within the first four to six hours postoperatively. He 
subsequently underwent successful endarterectomy under 
general anesthesia with internal shunt. The other two pa- 
tients, with ICA back pressures of 70 mm Hg each, devel- 
oped contralateral hemiparesis and dysphasia during the 
test occlusion. In one instance, this may have been caused 
by embolization from an ulcerated plaque following an in- 
tracarotid injection of heparin. This patient had a persist- 
ent mild monoparesis but subsequently underwent carotid 
endarterectomy with general anesthesia and a shunt 
without complication. The other patient had a persistent 
hemiparesis and died one week after operation from a 
ruptured abdominal aortic aneurysm. 

In group 2, one patient whose ICA back pressure was 25 
mm Hg was unable to tolerate test clamping of the ca- 
rotid artery, developing hemiparesis and dysphasia which 
cleared during the week after operation. Carotid endarte- 
rectomy was subsequently performed under general anes- 
thesia with a shunt. A second patient in this group, whose 
ICA back pressure was 35 mm Hg, developed mild dys- 
phasia and contralateral upper extremity paresis three 
hours postoperatively. She recovered without neurological 
deficit during the subsequent weeks. The possibility of 
embolization from the fresh endarterectomy site cannot 
be excluded; however, a follow-up arteriogram postopera- 
tively demonstrated both internal carotids to be patent 
without stenosis. 

In group 3, none of three patients with ICA back pres- 
sures of less than 25 mm Hg was able to tolerate test 
clamping of the carotid artery. No neurological deficits 
were observed in this group and, after a two- to three-day 
postponement, carotid endarterectomy was performed in 
each case without complication under general anesthesia 
with an internal shunt. 

The incidence of neurological deficit was 6% for tran- 
sient postoperative symptoms and 4% for permanent neu- 
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rological deficits. When compared with data from our pre- 
vious series, the difference between incidences of 
neurological deficit for these two series was not signifi- 
cant (P>.05). Including the previous 232 endarterectomies 
with the present series of 50, the overall incidence of neu- 
rological deficit was 3.5% for transient complications and 
2.5% for permanent neurological deficits. There were no 
operative deaths in the combined series of 282 endarterec- 
tomies; however, subsequent in-hospital deaths accounted 
for an overall mortality of 2.5%. Deaths were caused by as- 
sociated vascular disease with two exceptions in which 
death was related to the postoperative stroke. 


COMMENT 


During the last decade, morbidity and mortality of ca- 
rotid endarterectomy have been reduced.’ Reports have 
attributed this reduction to better patient selection’; 
wider acceptance of general anesthesia, as well as im- 
provements in anesthetic management**-; routine use 
of internal shunts during the period of endarterectomy’; 
and application of improved techniques for identifying 
patients who will require shunts under general anesthe- 
sla.*-" 

With regard to anesthetic management of these pa- 
tients, several investigators believe that general anesthe- 
sia is superior to regional techniques.*'?""* Wells and asso- 
ciates’* originally recommended the use of general 
anesthesia, hypercapnia, and induced hypertension for ca- 
rotid endarterectomy without a shunt. However, Ehren- 
feld and associates,'* Fourcade and co-workers, and Boy- 
sen and associates” have reported that hypercapnia can 
result in adverse intracerebral steals reducing flow to po- 
tentially ischemic areas of the brain. In addition, Boysen 
and associates” have suggested that induced hypertension 
has only minimal practical effectiveness in improving 
RCBF in patients with critical reductions in flow. These 
authors'*-*! have recommended normocapnia or moderate 
hypocapnia with measures designed to maintain systemic 
arterial pressure at preoperative levels or with moderate 
levels of induced hypertension. Sublett and associates” 
have recently shown that these goals are readily obtain- 
able in patients under regional anesthetic block. Although 
general anesthesia reduces cerebral metabolic rate for 
oxygen," other earlier proposed advantages of hyper- 
capnia and induced hypertension under general anesthe- 
sia seem to have been discarded or modified. The reported 
improvements in morbidity and mortality for general as 
opposed to regional anesthesia? may be better correlated 
to improved skill of the surgeon and better patient selec- 
tion rather than the use of any specialized anesthetic tech- 
nique.” 

Regional anesthesia has frequently been discarded as 
unacceptable to patients. It should be emphasized that 
this is the first study evaluating the patient’s reaction to 
regional anesthesia. The majority of patients were satis- 
fied. With newer preanesthetics, the quality of this anes- 
thetic technique can be further improved.” Provided satis- 
factory rapport can be developed between the surgeon, 
anesthesiologist, and patient, superficial and deep cervical 
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bloc anesthesia should not be regarded as an inferior al- 
terrative. In addition, patients undergoing carotid en- 
darverectcmy under regional anesthesia have an operative 
morality and incidence of permanent neurological deficit 
conmarabe to other studies (Table). 

CSrrela-ion of the force and pressure of carotid back 
bleeding and collateral cerebral blood flow at the time of 
caretid eadarterectomy has been suggested.** In the 
trectmen: of intracranial aneurysms by cervical carotid li- 
gatan, Wright and Sweet* noted an increased incidence 
of ischem.c sympzoms when distal intracarotid pressures 
after ocelasion were less than 50 mm Hg. Moore and Hall‘ 
mezsured ICA back pressures in patients undergoing en- 
dar-erectemy under regional anesthesia and reported a 
critcal pressure of 25 mm Hg as the lowest acceptable 
level necessary to insure adequacy of collateral cerebral 
bloed flow during endarterectomy. These investigators 
subsequently test2d the validity of these measurements in 
patents undergoing carotid endarterectomy under gen- 
era anesthesia and accurately predicted the requirement 
for nternal shunt.’ Hays and associates’ analyzed a larger 
seres of patients undergoing carotid endarterectomy un- 
dergeneral anesthesia and noted a reduction in postoper- 
atise neurological deficits when ICA back pressures ex- 
ceeled 50 mm Hg. These investigators recommended use 
of terns] shunts when ICA back pressure was less than 
41 mm Hz but advised against their use when ICA back 
pressure exceeded 50 mm Hg. If ICA back pressure 
ranged from 41 -o 50 mm Hg, vasopressor agents were 
recemmended to -ncrease ICA back pressure and presum- 
abl- RCEF. However, it should be noted that neither of 
the above studies specifically evaluated RCBF. On the 
oth=r hand, Trojaborg and Boysen” have measured ICA 
bacx pressure and RCBF in patients under general anes- 
the-ia. A though these authors recommended operative 
mezsurement of 2CBF to determine the requirement for 
shunting, ICA back pressures correlated with RCBF pro- 
vid-d arterial carbon dioxide tension (Pco,) was consistent 
witain the group of patients. As has been confirmed by 
othar investigators," hypocapnia for example increases 
ICA back pressure. Although other studies on ICA back 


ee a d 
í i N F = T j Pi < ¥ 4 i Apt ahs 


pressure have not routinely reported specific blood gas 
data,‘ variations in arterial Pco, may account for the ap- 
parent discrepancy in the reported “critical” levels of ICA 
back pressure.*® The other explanation may be that a vari- 
able band of safe ICA back pressures exists, with accept- 
able collateral flow for some requiring pressures equal to 
or greater than 50 mm Hg while others may do well at the 
minimum pressure of 25 mm Hg. 

Our evaluation of ICA back pressures in patients under- 
going carotid endarterectomy under regional anesthesia 
corroborates previous work reported by Moore and Hall.‘ 
Patients with ICA back pressures of less than 25 mm Hg 
did not tolerate carotid occlusion and required internal 
shunts. On the other hand, pressures in excess of 25 or 50 
mm Hg did not protect patients from postoperative neuro- 
logical complications. Although embolization can always 
be implicated and may have been a factor in two patients, 
neurological complications in the other three patients did 
not occur with dissection and mobilization of the carotid 
bulb as might be expected if this cause had been respon- 
sible. Previous reports,” now supplemented by the pres- 
ent series, suggest that ICA back pressures as low as 25 
mm Hg can reflect adequate collateral cerebral blood flow. 
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However, some patients may require greater collateral à 


flow and consequently need higher ICA back pressures. 

Prolonged occlusion times required for endarterectomy 
coupled with marginal ICA back pressures may be a factor 
in development of postoperative neurological deficits.® 
Staff supervision was present on all cases; however, the 
majority of operations were performed by resident sur- 
geons becoming more proficient with the operative proce- 
dure. Although the mean occlusion time for completion of 
endarterectomy was 32 minutes, we were unable to con- 
firm a time-pressure relationship with the development of 
postoperative neurological deficits. Twenty-three group 2 
patients were not adversely affected by the more pro- 
longed occlusion times. 

For those surgeons who wish to use ICA back pressure 
to avoid routine use of an internal shunt, our data suggest 
that ICA back pressure should exceed a range of 60 to 70 
mm Hg to insure adequacy of collateral cerebral flow. 
Ideally, RCBF should be measured in the operating 
room':''; however, if this is not feasible, then a wide range 
of safety should be used in selecting a minimum accept- 
able ICA back pressure under general anesthesia. Al- 
though adoption of a higher minimum ICA back pressure 
will result in a higher percentage of patients requiring in- 
ternal shunts, this should not be regarded as a difficult or 
formidable procedure.'*” If the surgeon wishes to avoid 


use of an internal shunt in the maximum number of pa- 


tients, our data suggest that the technique of regional an- 
esthesia and test occlusion of the internal carotid artery is 
a reasonable and safe alternative. 
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DISCUSSION 


Louis Smita, MD, Loma Linda, Calif: The authors are to be 
congratulated on their efforts to make carotid endarterectomy 
safer. I would like to make several comments. It is my personal 
belief that many of the complications of this operation are due to 
embolization. The insertion of a shunt into the internal carotid ar- 
tery may be associated with embolization to the cerebral circula- 
tion. 

We have also explored the use of carotid stump pressures to se- 
lect patients with a high risk of stroke during this operative pro- 
cedure, and the observations we have made have been similar to 
those of the authors. We have measured stump pressures in 152 
consecutive patients. All patients had general hypercapnic anes- 
thesia, with a Pco, level between 45 and 65 mm Hg. We also em- 
ployed heparin during the period of carotid occlusion. I think the 
latter procedure is helpful in preventing cerebral thromboses. 

We found that 46 patients had stump pressures over 50 mm Hg 
and of interest here was one patient who developed a major mas- 
sive hemiplegia. This patient had bilateral severe carotid bifurca- 
tion disease, had experienced a prior carotid endarterectomy with- 
out incident, but had a stroke following the second operation, 
which suggested to us that this patient’s neurologic complication 
was embolic in origin. 

Ninety-four patients had stump pressures between 25 and 50 
mm Hg. We had three neurologic complications in this group. One 
patient had numbness of his thumb and index finger only and a 
second individual had a transient monoparesis of his left upper 
extremity. The focal nature of these complications suggested an 
embolic origin. The third patient had a profound hemiplegia, 
which was permanent. 

There were 12 patients with stump pressures below 25 mm Hg 
and a shunt was employed in ten out of 12 of these patients with 
no postoperative complications. 

We will continue to employ selective shunting for those patients 
with a stump pressure below 25 mm Hg. It is hoped that this ap- 
proach will reduce the need for shunting and yet make this protec- 
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tive procedure available to patients with marginal collateral circu- 
lation who are at high risk for postoperative neurologic deficit. 

I would like to ask the authors whether they employ heparin 
during carotid occlusion. Do they measure arterial blood gas val- 
ues and, if so, is there any correlation between neurologic compli- 
cations and hypercapnia? 

EDWIN WYLIE, MD, San Francisco: Two years ago at the Carmel 
meeting of this society, Dr. Hayes and I presented data suggest- 
ing that the operative stump pressure of the internal carotid ar- 
tery was a valid indication for the need or lack of need for inter- 
nal shunting during carotid endarterectomy. Since that time, over 
300 carotid endarterectomies have been performed on our vascular 
service. In approximately 20% of these operations, the operative 
stump pressure was less than 50 mm Hg and an internal shunt 
was used. In the 80% with stump pressures over 50 mm Hg, shunts 
were not used. Only one patient developed a neurological deficit 
with mild aphasia and decrease of coordination of one hand. This 
deficit had essentially cleared by six months. The lesion in this pa- 
tient was friable and ulcerated, and we suspect the deficit was 
caused by embolization. It,seems clear that this experience sup- 
ports our earlier impression regarding the value of stump pres- 
sures for determining the adequacy of intracranial collateral 
blood flow. 

Occlusion times in the nonshunted patients rarely exceeded 20 
minutes, and none was longer than 30 minutes. It is possible that 
the figure of 50 mm Hg may be time-related and that longer occlu- 
sion times may not be as well tolerated. In evaluating the data 
just presented, it would be of interest to know the occlusion times 
in those patients who developed neurological deficits. 

We have also uniformly used general anesthesia. It has been 
generally assumed that regional anesthesia does not provide the 
same degree of protection. 

Finally, one must recognize that clamp ischemia is only one of 
several causes of postoperative stroke. Other causes include in- 
traoperative or postoperative hypotension or severe hypertension, 
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operative enbolizatien, carotid thrombosis, and recent cerebral in- 
farction. I would be reluctant tc accept the conclusion from the 
present study unless all of these have been ruled out. 

During these las: two years, we have also become interested in 
a noninvasi~e means of determining stump pressure by a recently 
developed ccular pneumoplethysmograph. This is a device that 
was perfected by William Gee, MD, currently at the Bethesda Na- 
val Hospital, during the period he was with us as a vascular fel- 
low. Withot going into the mechanics of this device, I can state 
that the instrument accurately records ophthalmic artery blood 
pressure ami, in so doing, gives us a reading of the pressure in the 
cerebral vessels in the ipsilateral hemisphere. It represents a ma- 
terial advance over the ophthalmodynanometer that measures 
only retinal artery pressure. When pressures are recorded during 
temporary digital compression of the common carotid artery, 
there is a mmarkab-e correlation with operative internal carotid 
stump pressures in the same patient. Since this indicates the de- 
gree of colħteral bleod flow following carotid occlusion, it seems 
possible that this may provide valuable information in deter- 
mining the ndication for study and surgery in the patient with an 
asymptomatic carotid bruit. 

Dr. Hosson: I would like to thank Drs. Smith and Wylie for 
their comments. Dr. Smith, I am interested in the range of values 
for ICA back pressure that you measured in your patients under 
general anesthesia. This confirms previously reported work that 
most patients will telerate back pressures at a range of 25 to 50 
mm Hg. AEhough ICA baek pressure of greater than 50 mm Hg 
correlates with adequate collateral flow in most patients, some 
may develcp complications related to decreased cerebral perfu- 
sion. We also use heparin at the time of carotid cross clamping. In 
one of our patients, an intracarotid injection of heparin may have 
embolized arteriosclrotic debris from an ulcerative plaque, re- 
sulting in = postoperative neurologic complication. We now use 
5,000 to 7,500 units o aqueous heparin administered intravenously 
immediately prior te carotid cross clamping. Although we recog- 
nize some difficulties with routine use of an internal shunt, we 
have referred to the work of Dr. Thompson and others to justify 
its use in patients undergoing carotid endarterectomy under gen- 
eral anesthesia. 

With regard to Dr. Wylie’s comments, we agree that an ICA 
back presstre in excess of 50 mm Hg is adequate under most cir- 
cumstance= however, our data suggest that this minimally ac- 
ceptable back pressure be adjusted upward, to somewhat greater 
than 70 mm Hg, to insure adequacy of collateral flow in all pa- 
tients. In a biologice] system as complex as the cerebral vascula- 
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ture, we believe that a range of acceptable pressures exists corre- 
lating adequate collateral flow. Some patients require pressures 
equal to or greater than 50 mm Hg, while other patients may do 
well at the minimum pressure of 25 mm Hg. We are familiar with 
the report of Drs. Bland, Chapman, and Wylie with regard to the 
cause of neurological complications after carotid surgery. Sys- 
temic pressure was carefully monitored in all patients and radial 
arterial catheters were used in the majority of cases. Wide altera- 


tions in arterial pressure were unusual and were treated phar- 


macologically when substantial changes occurred during or after 
carotid endarterectomy. We have also evaluated the relationship 
of occlusion time and the development of neurological deficits. As 
outlined in our report, occlusion times ranged from 18 to 42 min- 
utes with a mean of 32 minutes. Although these are somewhat 
longer than previously reported, it should be emphasized that 23 
of 25 patients with back pressures of 25 to 50 mm Hg (group 2) tol- 
erated these occlusion times without the development of deficits. 
Although it seems reasonable to assume that prolonged occlusion 
times must be avoided, times in the range reported in this investi- 
gation did not seem to have detrimental effects. With regard to 
follow-up studies in the five patients developing postoperative 
neurological deficits, embolization was a factor in two of the five 
patients. In two of the remaining three patients whose symptoms 


were transient, subsequent carotid endarterectomy has been per- __ 


formed under general anesthesia without complications. In the 
third patient, a follow-up arteriogram was obtained that demon- 
strated patency of the internal carotid artery without suture line 
thrombus or stenosis. 


We thank you for sharing Dr. Gee’s fine work with us. He is 


presently at our sister institution in Bethesda, Md, Bethesda Na- 
val Hospital. Although we have not had experience with his appa- 
ratus, we can appreciate its potential application, particularly in 
those patients with bilateral disease. We look forward to his fur- 
ther reports as to the application and usefulness of the technique. 
However, we would be reluctant to perform the necessary carotid 
occlusion without a pretest arteriogram. | 


In conclusion, we would prefer to measure RCBF in the oper- “tg 


ating room to determine the requirement of shunting. Tests such 
as ICA back pressure, jugular venous Po,, and operative electro- 
encephalography are indirect measures of this regional flow. We 
recognize that measurement of RCBF requires more elaborate 
equipment and, until such time as an easier technique is available, 
measurement of ICA back pressure is useful. In our own hands, 
we would prefer to adjust the minimally acceptable pressure to a 
higher level than has been previously reported. 
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Transthoracoesophageal Ligation of 


Bleeding Esophageal Varices 


A Reappraisal 


LeRoy S. Wirthlin, MD; Robert R. Linton, MD; Daniel S. Ellis, MD 


Transthoracoesophageal ligation of bleeding esophageal varices 
was Carried out in 55 patients with a survival of 71%. All good-risk 


patients (Child criteria) survived; 75% of moderate-risk patients and 


48% of poor-risk patients survived. Nine patients underwent explora- 
tory surgery for recurrent variceal bleeding following a portosystem- 
ic shunt, and 46 patients underwent variceal ligation as the first step 
of a two-stage procedure for the control of bleeding esophageal vari- 
ces. Sixty-four percent of the latter group had a subsequent por- 
tosystemic shunt, usually of the splenorenal type, to avoid encepha- 
lopathy and liver failure associated with portacaval shunt. Group A 
and B patients had 52% cumulative survival at five years and 24% 
cumulative survival at ten years. Transthoracoesophageal ligation of 
varices, followed preferably by an end-to-side splenorenal shunt and 
splenectomy, remains the most satisfactory method for the control 
of esophageal bleeding secondary to Laénnec cirrhosis. 


fs emergency treatment of exsanguinating hemor- 
rhage from esophageal varices secondary to Laénnec 
cirrhosis of the liver remains an enigma for the surgeon as 
evidenced by the numerous procedures that have been 
suggested for the treatment of bleeding esophageal var- 
ices. One of the most effeciive means of controlling any 
bleeding vessel is direct suture ligation and, since esoph- 
ageal varices can be readily exposed through a trans- 
thoracic and esophageal exposure, suture ligation remains 
the most direct method for controlling hemorrhage in 
most cirrhotic patients. The procedure was first reported 
by Boerema’ and Crile’ as a definitive method, but early 
experience in the cirrhotic patients demonstrated that li- 
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gation alone was insufficient for long-term control of hem- 
orrhage. Linton and Warren® in 1952 first reported this 
method as an immediate first-stage procedure in cirrhotic 
patients in whom cardioesophageal tamponade was em- 
ployed as a lifesaving step for temporary control of bleed- 
ing varices. This controlled immediate bleeding and pro- 
vided a safe time period from further hemorrhage of 
approximately six weeks to improve the patient’s overall 
nutritional and medical condition in preparation for a sec- 
ond-stage procedure, a definitive portosystemic shunt, 
preferably the end-to-side splenorenal type. This two- 
stage operative method has been criticized because of a 
high mortality, substantial incidence of esophageal suture 
line leakage, and the problems associated with the need of 
the second definitive procedure placing the patient under 
a second risk. 

The emergency direct portacaval shunt continues to be 
used, but the high mortality and subsequent problems 
with portosystemic encephalopathy in the postoperative 
period and late high mortality from liver failure demon- 
strate that this procedure is not a satisfactory solution. 

The present report is a reappraisal and an analysis of 
results obtained following emergency transthoracoesopha- 
geal suture ligation of bleeding varices secondary to cir- 
rhosis of the liver, followed by subsequent portosystemic 
shunting, performed by us at the Massachusetts General 
Hospital from 1950 through 1973. 


SUBJECTS AND METHODS 


Emergency transthoracoesophageal suture ligation of bleeding 
esophageal varices was performed in 55 patients. Forty-one pa- 
tients had Laënnec cirrhosis, 12 had postnecrotic cirrhosis, and 
two had biliary cirrhosis. The diagnosis of liver disease was estab- 
lished by a liver biopsy examination either prior to the ligation, 
during the follow-up shunt procedure, or at autopsy. A definitive 
tissue diagnosis -was not established in two patients, but the his- 
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| “able L—Characteristics of 55 Patients Undergoing 
Suture of Esophageal Varices 





Chile Classificatior No. 

Graup A 20 
~aénne= carhosis 16 
ostneeroiic cirrhosis 4 
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tery o alcohelism in associaion with physical findings suggested 
Laénrec cirrboss. By age distribution, one patient was in the sec- 
ond deade, twain the third decade, three in the fourth decade, 18 
it the fifth decade, 17 in the sixth decade, 11 in the seventh dec- 
adie, and three n the eighth decade. The patients were divided 
wto three groups with respect to hepatic risk according to the 
Caild lassifieataon* (Table 1. The values of serum albumin and 

_ Wirt n usec for the classification are those drawn prior to the 
owerataon. 


Method of Emergency Care 


‘The srogram »f emergency management has been summarized 
p»evioesly.** Pacients with Grrhosis and severe upper-gastroin- 
tstina tract aemorrhege were admitted and stabilized with blood 
tansfesions. In some patients, a previous upper-gastrointestinal 
tmactr-entgerogram establisaed the presence of esophageal vari- 
es. if the dagnosis was uncertain, a careful barium swallow 
reentg nogram was obtainec on an emergency basis. If hemor- 
rhage eontinued. cardieesophgeal or esophageal tamponade with 
am intmagastre or intraesopnageal balloon was carried out. If 
beedir was coatrolled by kalloon tamponade, the diagnosis of 
e=pha-eal hemerrhage was confirmed. Since 1967, emergency 
e=pha-ogastmos<opy usually preceded an emergency barium 
swallow roentzerogram. Since 1971, emergency arterial catheter- 
iz.tion of the superior mesexrteric artery has also been used to 
denon=rate tae presence of esophageal venous collateral circula- 
tæn fokowed by nfusion of posterior pituitary (Pituitrin) for at- 
tempte. contre! ef hemorrhag=.*’ Unless the patient was severely 
jaandiced or n hepatic coma, suture ligation was carried out 
wrhin 4 hours Dllowing the use o? balloon tamponade as recur- 


reat bleeding so requently ocurred following its removal. Main- - 


teasanee of the tamponade added to the risk of esophageal necrosis 
dæ te -ressur2 arom tae inflated balloon. As soon as the esoph- 
ageal bDeeding-wss controlled »y eardioesophageal tamponade, the 
biæod velume was restored wich multiple transfusions. 

n geseral, the-following operative indications were used: (1) in 
cases waere esop.ageal hemorrhage was severe enough to threat- 
entthe tient’: le, thus necessitating balloon tamponade, trans- 
theraco<sophaged suture ligacion of varices was usually carried 
ou witEin 24 ours following onset of balloon tamponade; (2) in 
paients who refused balloon tamponade; (3) for recurrent esoph- 
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ageal bleeding following failure of previous portosystemic shunt- 
ing; (4) in patients of marginal risk, after failure of conservative 
control involving the multiple use of balloon tamponade or failure 
of intra-arterial infusion of posterior pituitary. Contraindications 
to thoracoesophageal ligation of bleeding varices include: (1) he- 
patic coma, (2) deep jaundice (bilirubin level greater than 10 
mg/deciliter), (3) prolonged prothrombin time (patient’s value 
greater than twice that of the control), (4) inability to make the 
diagnosis of bleeding esophageal varices. The decision to withhold 
the procedure is based on the overall clinical presentation and not 
on the basis of any single determination. 


Operative Technique 


The operative procedure has been described elsewhere**; how- 
ever, certain points are worth emphasizing. The patient should be 
taken to the operating room with maintenance of balloon tampon- 
ade. Tracheal intubation with a cuffed endotracheal tube follow- 
ing awake cocainization of the pharynx and larynx to prevent 
aspiration of vomitus is the best method of induction and cy- 
clopropane is the anesthetic agent of choice. The patient is placed 
in the right lateral decubitus position and the sixth or seventh rib 
is removed subperiosteally. The esophagus is dissected only on the 
left lateral side just above the diaphragm and should not be dis- 
sected free and encircled with retracting tapes. The esophageal 
hiatus is incised to expose a small portion of the cardia of the 
stomach. This facilitates exposure of varices and allows trans- 
verse closure of the esophagogastric incision without tension. A 
longitudinal incision 3 to 4 cm in length is made placed equally in 
the stomach and esophagus. The balloon tube is deflated and re- 
moved at this point. Bleeding vessels encountered in the esoph- 
ageal incision are controlled with fine silk sutures. The esophageal 
varices are seen usually as three large blue columns of thin-walled 
veins. Suture ligation is begun in the esophagus by elevating the 
varix with the mucosa and suturing it with a running over-and- 
over stitch of 3-0 chromic on a curved atraumatic needle. This su- 
ture should be carried down to include a portion of the gastric ex- 
tension of the varix as bleeding often occurs from this site and 
deeper bites may be taken on the gastric side providing for secure 
control. The suture is then carried back upward to the level from 
which it commenced in the esophagus, providing a double suture 
closure. Three columns of varices are usually sutured in this fash- 
ion. The gastroesophageal incision is closed transversely with in- 
terrupted inverting sutures of 4-0 silk. The diaphragmatic-esoph- 
ageal hiatus is repaired, the chest wall is closed, and the pleural 
space drained with a large tube for 48 hours. : 


RESULTS 


Emergency suture ligation of esophageal varices was 
performed in 55 patients; 39 (71%) survived the operative 
procedure. Nine of these patients had previous portosys- 
temic shunts performed. Suture ligation of the varices for 
recurrent bleeding was done several years after the 
shunting procedure because of recurrent esophageal var- 
ices. This group of patients did well following the varice- 
al ligation. Subsequent bleeding after the variceal ligation 
occurred in the late postoperative follow-up period in 
three patients. One patient bled six years after the suture 
ligation procedure and lived for another five years follow- 
ing a second transthoracoesophageal variceal ligation; a 
second patient required an additional shunting procedure 
two years following the ligation; and a third patient un- 
derwent an additional shunting procedure 15 years follow- 
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Fig 1.—Mortality correlated with preoperative serum bilirubin 
levels. 


Fig 2.—Cumulative survival data for 55 patients undergoing emer- 
gency thoracoesophageal ligation of esophageal varices calculated 
by life table method. 


Table 2.—Summary of 55 Patients Undergoing Suture Ligation of Bleeding Esophageal Varices 


f Survival After 
Child Ligation of Varices 
Classi- al TS 2 a 


Previous 
Shunt 


No. of 
Staged Shunts 


Survival After 
Staged Elective 
Shunt 


Splenorenal Portacaval 


fication No. % ‘ No. % 


20/20 100 13/13 100 
Group B 6/8 75 6/8 75 
Group C 13/27 48 10/24 42 
Total 39/55 71 29/45 64 


Group A 


No. 


10 


% 
77 
33 
60 
62 


% 
33 
64 
40 
38 


No. 
12/13 
4/8 

8/24 
24/45 





ing the emergency variceal suture ligation. There was one 
death in a patient whose ligation occurred ten days after a 
portosystemic shunt. 

In the 46 patients who underwent ligation as a first- 
stage procedure for control of esophageal variceal hemor- 
rhage, rebleeding before the elective portosystemic shunt 
occurred in 18 patients on an average of five weeks follow- 
ing the suture ligation. This contributed to the death of 
three patients before a shunt could be constructed. In the 
remaining ten patients who rebled following ligation, an 
elective portosystemic shunt was completed. One patient 
refused an elective shunt and lived two years before dying 
of liver failure. Of the remaining 45 patients who under- 
went initial emergency ligation of varices as a staged pro- 
cedure, 29 (64%) came to a shunt operation, and 24 (53%) of 
those undergoing ligation of varices for emergency con- 
trol of bleeding followed by an elective shunt survived. 

The results of the patients categorized in terms of he- 
patic risk by Child classification are shown in Table 2. All 
class A patients survived the emergency ligation. All 13 
class A patients who underwent emergency ligation as a 
first-stage procedure subsequently had a shunt procedure 
performed and 12 (92%) of the 13 survived the procedure. 
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There were eight class B moderate-risk patients; six 
survived the ligation and underwent an elective shunting 
procedure with four survivals, so that 50% of the moder- 
ate-risk patients were salvaged by the staged approach 
for massive life-endangering variceal bleeding. 

There were 27 patients in the class C, or poor-risk group. 
Thirteen (48%) of them survived the emergency ligation. 

Of 24 class C patients who had not undergone a previous 
portasystemic shunt, ten eventually came to an elective 
shunting procedure following general nutritional im- 
provement. Eight of these ten patients classified as poor 
risk at the time of emergency ligation survived a subse- 
quent elective shunt procedure. Thus, 88% of the original 
poor risk group were salvaged by staged emergency liga- 
tion and secondary elective shunting. 

In a recent study we found the preoperative bilirubin 
level a significant predictor of mortality in cirrhotic pa- 
tients undergoing emergency surgery in nonvariceal bleed- 
ing.” Although not as striking for those undergoing suture 
ligation for variceal hemorrhage, a higher preoperative 
serum bilirubin value was associated with increased mor- 
tality (Fig 1). Two patients with preoperative bilirubin 
levels of 8 mg/dl survived emergency ligation and, after a 
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long period »f recovery, underwent portosystemic shunt- 
ing. No paient with a preoperative bilirubin value 
greater thar 9 mg/dl survived the emergency ligation. 

Leng-tesr follow-up was obtained for 53 patients. Cu- 
mulative survival rates” for the entire group of cirrhotic 
patients undargoimg emergency variceal suture ligation is 
shown in Fis 2. This calculation includes all patients in 
whom a thoracoes>phageal ligation was carried out. Two 
patients sarvived 15 years; a third patient survived 18 
years and is still living at the time of this report. 


COMMENT 


Several nonoperative and operative techniques are cur- 
rently utilized for the emergency management of bleed- 
ing esophegeal varices secondary to intrahepatic portal 
bed block du= to portal eirrhcsis. The triple-lumen Linton 
tube gives tae mcst immediate and satisfactory tempo- 
rary contrel ef massive bleeding from esophageal patients 
in any patert with an exsanguinating hemorrhage from 
esophageal warices. The prolonged use of balloon tam- 
ponade, however, may itself be dangerous and carries a 
mortality of its own.“ Two esophageal fistulas with 
subsequent Geath could be traced to the use of a balloon 
tamponade ir this series. In one patient, the single balloon 
was inadvertently indated in the esophagus, causing pres- 
sure necrosis in a second patient the use of a Sengstaken- 
Blakemore tube for one week was associated with esoph- 
ageal necresB discovered during emergency variceal liga- 
tion. 

Selective a-terial catheterization with infusion of vaso- 
pressin injeccion has been employed in the emergency 
control of 2sephageal hemorrhage.*’ Preliminary results 
by Stanley Eaum, MD, and his co-workers at the Mas- 
sachusetts General Hospital suggest that emergency tem- 
porary contrd of bleeding varices in patients with Laén- 
nec cirrhesic by selective superior mesenteric artery 
eatheterizatim and infusion of posterior pituitary is pos- 
sible. In eigh patients classified as good risk by the Child 
classificaticn, control of acute bleeding was achieved in all 
patients. Ir mne patients considered moderate risks (class 
B), contro! w=s achieved in seven. In cirrhotic patients of 
dass C, immediate control was achieved only in five of ten 
patients (Scaaley Eaum, MD, unpublished data). It is well 
recognized, hewever, this is a temporary maneuver provid- 
ing, at the most, several days of control. 

Emergency portacaval decompression has been sug- 
gested as the procedure of choice for patients with mas- 
sive varicezl aemorrhage as a definitive operation in the 
control of bleeding esophageal varices secondary to Laén- 
nec cirrhosis. This type of shurt is easiest to perform as an 
=amergency procedure, but results in a high operative and 
late mortality from liver failure and, in those who survive, 
a high incidence of postshunt encephalopathy. Orloff et 
al’ report a 52% operative mortality in a group of 115 un- 
selected consecutive patients with alcoholic cirrhosis and 
bleeding esophageal varices not requiring cardioesoph- 
ageal tamponade. An equally high operative mortality is 
reported in o her series.’ In addition, it has been clear 
since the begining of shunt surgery in our hospital that 
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the incidence of postshunting encephalopathy following 
the portacaval shunt is substantial and debilitating." The 
incidence of fatal liver failure or shunt encephalopathy or 
both following a portacaval shunt was five times the inci- 
dence in patients selected for splenorenal shunts in the 
Massachusetts General Hospital series. Because of the — 
incapacitating side effects following portacaval shunting, 
splenorenal decompression has been favored as the proce- 
dure of choice when technically feasible. As a splenorenal 
shunt performed on an emergency basis is difficult techni- 
cally and, in addition, may not acutely reduce portal pres- 
sure sufficiently to control variceal bleeding, it is not used 
under emergency circumstances. 

Transthoracoesophageal ligation of varices was origi- 
nally suggested as definitive therapy for bleeding var- 
ices.'? Subsequent experience, however, revealed that cir- 
rhotic patients with marginal liver reserve fared poorly 
and developed esophageal fistula with resultant death."* In 
a recent study, Ottinger and Moncure™ reviewed a seven- 
year experience of transthoracic ligation of varices in pa- 
tients with intrahepatic portal bed block at the Massachu- 
setts General Hospital from a period of 1961 through 1968. 
This study included all patients operated on during this 
period of time by many surgeons. There was an overall 
mortality of 49%. They found no mortality in class A pa- 
tients, 32% mortality in class B patients, and 90% mortal- 
ity in class C patients and concluded that a transthoracic 
ligation might be best indicated in good-risk cirrhotic pa- 
tients. In the present report, mortality after emergency 
ligation of varices varied with the degree of hepatic re- 
serve, but not in the same degree for the poor-risk group 
as that described by Ottinger and Moncure."’ In the pres- 
ent series of 55 patients, there was no mortality for class 
A patients, 25% mortality for class B, and 52% mortality 
for class C. There was an overall mortality of 29%. All 
class A patients came to portosystemic shunting, 75% of 
class B patients came to shunt, and 42% of class C patients 
came to shunt, with eight of those poor-risk patients sur- 
viving the secondary shunting procedure. The long-term 
survival, however, in class C patients who have had liga- 
tion of varices and subsequent shunt procedure falls more 
rapidly as compared to patients of more suitable risk in 
the A and B groups (Fig 2). Five-year cumulative survival 
rates for the A and B risk patients was 52% at five years 
and 24% at ten years. 

The result of this analysis suggests that transthora- 
coesophageal ligation of esophageal varices remains a use- 
ful mode of therapy when combined with a subsequent 
portosystemic shunt, preferably the end-to-side splenore- 
nal shunt, with splenectomy. The latter is recommended 
because it affords protection against future bleeding from 
esophageal varices and also greatly reduces the increased 
incidence of encephalopathy and early and late deaths 
from liver failure as compared with portacaval shunt.’* 
The patients so treated have a greater likelihood of 
longer, more useful lives. 


Jeffrey Raines, PhD, assisted in computing cumulative survival data. 
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DISCUSSION 


RONALD Stoney, MD, San Francisco: I enjoyed the paper by 
Drs. Wirthlin, Linton, and Ellis. I happen to share a different 
view, and I would like to know how many of the patients who sur- 
vived stage 1 were alive and able to be observed after completing 


-= stage 2, that is, the definitive portosystemic shunt. 


_ At our hospital in San Francisco, where alcoholism and trauma 
are endemic, we have a chance to see this disease too, and the 
treatment of active variceal bleeding; emergency bleeding, repre- 
sents between 60% and 70% of the patients whom we treat on our 
service at the University of California, San Francisco. 

We utilize one operation designed both to control hemorrhage 
and reduce pressure in the portal bed by one of the two methods. 
Dr. Ehrenfeld tends to like the portacaval end-to-side operation, 
although we have both done some of each, and I have been more 
intrigued lately with renosplenic as opposed to splenorenal shunt. 
We divide the left renal vein just as it joins or receives tributaries 
from the adrenal and kidney and use that, brought up in end-to- 
side fashion to the splenic vein. 

So, these two procedures are applied. We have been impressed 
here with a survival rate of 83%, or a mortality of 17%. The Child 
classification of these 23 patients suggests that we are, like Dr. 
Wirthlin, confronted with mainly the poor-risk patient who has 
advanced disease and very marginal liver function. 

There have been three late deaths, all due to the concerns that 
Dr. Wirthlin has expressed for both portacaval and renosplenic 
shunts. Encephalopathy and late liver failure continue to be the 
problem, and I do not know how to solve that. 

There were no rebleeds and no closures in this group of pa- 
tients. Sixteen patients survived this procedure. 

Dr. LINTON: As you know, I have been interested in the subject 
of bleeding esophageal varices for some time and have sponsored 
the use of a two-stage procedure. I think a two-stage procedure is 
far superior to a direct portacaval anastomosis of the end-to-side 
type. 
~- A single lumen balloon is a large balloon that will stop any 
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esophageal hemorrhage from varices, as quickly as you ean put it 
down, inflate it, and put a 2-lb pressure on it. If it does not stop 
the bleeding, the bleeding is from some other source; it is a very 
good way for making a differential diagnosis. 

The operative procedure is done with the patient in the right 
lateral decubitus position, usually through the sixth or seventh in- 
terspace, removing either one of those ribs. It is important to 
make an incision through the eosphageal hiatus at the diaphragm, 
exposing a little bit of the stomach, which favors and helps a 
transverse closure, which I think is important. 

The esophageal varices are seen, and occasionally you will find 
the bleeding from a very small spot as if there were a punched-out 
hole. The bleeding from the esophagus is controlled by a two-layer 
over-and-over 000 suture. The closure should be transverse, and 
this is why exposing the stomach helps as it gives more freedom. 

The closure is an inverting type of transverse closure in usually 
two or three layers. I have had only one leakage from this, and 
that was in a postoperative patient following failure of a shunt. 

The varices look large and juicy. During closure, the purple, 
juicy nature of the varices disappears. You do not need to carry 
your suturing much higher than the bleeding point. 

And here is my real reason to plead for a splenorenal rather 
than a direct portacaval shunt. The operative postshunt deaths 
from renal failure in 122 splenorenal shunts demonstrate why the 
splenorenal shunt is far superior to a direct portacaval shunt and 
that is morë reason why you can do a two-stage operative proce- 
dure utilizing emergency suture of the varices and, at a later date, 
usually within six weeks, perform the shunt. 

In the 122 splenorenal shunt group there were 13 total deaths 
from liver failure. In the portacaval shunt group there were seven 
out of 47, or 15%, immediate deaths postoperatively from renal fail- 
ure. The mortality of the splenorenal group from renal failure was 
1.6%, as against 10.6% for the direct portacaval group. The per- 
centage of deaths from liver failure was 15% in the splenorenal 
group, whereas it was 72% in the direct portacaval group. 
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Intermittent 
Claudication 


Surgical Significance 
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A study was made of 162 persons with intermittent claudication 
who were observed for an average of 8.3 years. These were all the 
cases that evolved from a population cohort during 18 years of fol- 
low-up. They were essentially untreated until rest pain and tissue 
loss began. Only four progressed to major amputations and three to 
toe loss. A profile of the person developing intermittent claudication 
and gangrene in particular reveals a higher prevalence of diabetes 
and the cigarette habit, as well as hypertension and hyper- 
cholesteremia. 

The comorbidity and subsequent incidence of coronary disease, 
stroke, and congestive failure was high. Within eight years, almost 
half developed a major cardiovascular event and 20% of the men and 
30% of the women were dead. 

This cardiovascular morbidity and mortality, as well as inter- 
mittent claudication, is predictable in the general population free of 
cardiovascular disease. Patients being considered for bypass surgery 
whose only complaint is claudication should be carefully evaluated 
for risk of cardiovascular morbidity. . 


i Dii enthusiasm with which a surgeon advises a pa- 
tient with intermittent claudication to submit to an 
arterial reconstructive procedure is logically based on the 
knowledge of the natural history of the symptom. How- 
ever, data concerning the prevalence and clinical charac- 
teristics of occlusive peripheral arterial disease have been 
based largely on the study of hospitalized patients or 
those persons with symptoms seemingly severe enough to 
require medical opinion.’ By contrast, less selected data 
derived from the population have been accumulated by the 
Framingham study. This study was established in 1949 by 
the National Heart Institute to conduct a prospective 
study of the epidemiology of cardiovascular disease in- 
cluding the evolution of intermittent claudication. Emerg- 
ing from the study are data that seem to put the signifi- 
cance of intermittent claudication into proper surgical 
perspective and to allow a more rational approach to the 
decision of when to advise surgery. 


METHODS 


The study followed up a sample of persons from the town of 
Framingham, Mass, who underwent biennial, comprehensive clin- 
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ical examinations of their cardiovascular systems. In addition, 
physicians’ hospital records, medical examiners’ records, death 
certificates, and autopsy findings were used. The diagnosis of in- 
termittent claudication was based entirely on the development of 
unequivocal symptoms of cramping discomfort in the lower limbs 
provoked by walking some distance and relief of the symptoms af- 
ter several minutes of rest. 

The methods and diagnostic criteria used to define intermittent 
claudication, coronary heart disease, congestive heart failure, ath- 
eromatous brain infarction, diabetes mellitus, hypertension, and 
hypercholesteremia have been presented elsewhere.’ 


RESULTS 


When the Framingham cohort of 5,209 men and women 
were first examined, 26 subjects already had intermittent 
claudication, so that, in determining the average annual 
incidence (Table 1), the prospective data were derived 
from the 5,183 subjects who were initially symptom-free. 
There is only a slight variation in these latest figures 
(compared to a previous communication’ based on a 14- 
year follow-up) in that the incidence in women, aged 65 to 
74 years, at the 18-year follow-up was 40 per 10,000 (not 
54). The age range of persons having this complaint var- 
ied from 35 to 76 years, but persons who develop inter- 
mittent claudication rarely do so before the age of 45 since 
only five claudicators in the total were found to be 
younger than that. The problem is found predominantly in 
men at the ratio of about 2:1. The gap in incidence be- 
tween the two sexes closed somewhat with age, but there 
was still a male predominance up to the 65 to 74-year age 
bracket. 

The natural history of intermittent claudication is de- 
rived from an 18-year follow-up surveillance of the origi- 
nal cohort of 5,183 men and women. During that time, 162 
subjects developed intermittent claudication. The average 
length of follow-up of subjects with the symptoms was 
about eight years. (Follow-up of other cardiovascular 
events was carried out for an additional four years.) The 
group can be considered as an essentially untreated series 
since surgery was carried out in only seven subjects. There 
were six lumbar sympathectomies and one aortic-iliac en- 
darterectomy. Very few of the subjects were treated pri- 
marily with drugs for this condition. 

The disability from the symptom per se was found to be 
surprisingly moderate. Only 32% who developed inter- 
mittent claudication persisted at least four years from 
that point on with the complaint without interruption 
throughout the follow-up. In the rest, the complaint was 
-~ Intermittent, with 59% having spontaneous remissions of 
at least four years. However, it frequently recurred. In 
four subjects (2.5% of the claudicators), there was progres- 
sion of the disease with time such that infection or tissue 
loss or both resulted in major amputations, often in spite 
of temporarily successful reconstructive procedures. The 
other two subjects had progression of their disease such 
that either below-knee or above-knee amputations were 
done bilaterally. Three other subjects (1.9%) required toe 
amputations, one of which was accompanied by a bypass 
graft. Those patients who progressed to a major amputa- 
tion all did so within seven years after onset of inter- 
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Table 1.—Average Annual Incidence of Intermittent 
Claudication According to Age and Sex, per 10,000* 


Age Group, yr 
45-54 
55-64 





* Based on 18-year follow-up of Framingham study cohort; age 
given is that at time of biennial exam. Cohort Originally comprised 
5,209 persons; however, 26 were eliminated as they already had in- 
termittent claudication at the time of examination 1 and 65 more 
were eliminated as they were not observed long enough (only four 
years) to qualify for 18-year follow-up study. 





Table 2.—Cardiovascular Comorbidity in Framingham 
Study Subjects Developing Intermittent Claudication* 







101 Men 






Cardiovascular Disease No. VA No. % 






None 51 52 39 64 
Coronary heart disease 44 44 21 34 
Atheromatous brain 







infarction 4 4 2 3 
Congestive heart failure 11 





* Subjects aged 35 to 76 years. Cardiovascular events not mutually 
exclusive. 


Table 3.—Subsequent Occurrence of Major 
Cardiovascular Events in Persons Aged 50 to 76 
Years With Claudication 


ee er ves eee EST NCR A L M 
Cumulative % With 
Years After Onset Cardiovascular Disease 
of Intermittent 


Claudication 





Table 4.—Proportion of Persons Aged 30 to 76 Years 
Dying a Cardiovascular Death After Onset of Symptoms 
of Intermittent Claudication 


Cumulative Probability 
of Dying, % 


Women 
3 


Years After Onset 
of Intermittent 


Claudication 





mittent claudication. 

The probability of developing intermittent claudication 
can be predicted as displayed in Fig 1. This probability is 
related to the intensity with which five risk factors were 
present in each subject. The risk factors considered were 
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cbet«s, hypertension, hypercholesteremia, cigarette smok- 
irg, aad eleetocardiographic findings of left ventricular 
t>persrophy By combining these ingredients employing 
cScriminan~ function analysis, a profile was developed 
for ea-h subseet. The total range of risk was divided into 
Cecile zroup-, vith the first group comprising the smallest 
cese aad the tenth group the largest dose. The figure illus- 
trates two ths: (1) The risk increased with the intensity 
af the ~isk factors. (2) About two fifths of the subjects who 
develooed in-ermittent claudication were in the last decile 
group. Coineidentally, it is significant that the bulk of 
tapse -ubjee's who will develop brain infarction, conges- 
t~e heart fa.lure, coronary heart disease, and limb ampu- 
taion were n this upper decile group. 

Jf the subjects whose intermittent claudication was 
cempli-ated sy infection, gangrene, and amputation, only 
of ws a woman. Al of the seven amputees were over 45 
yars of age and five had had diabetes since entry into the 
stay. “ll the diabetics were dependent on insulin. Three Fig 1.—Maximal probability of developing intermittent claudica- 
smokee heav:ly, and one of the two amputees who were tion in eight years in relation to intensity of risk factors, based on 
noc diabetics smokec 35 cigarettes a day and was hyper- follow-up of 71 men and 44 women divided into decile groups. 


temsive and hyverlip2mic. os i EPER Aers PA ‘ficall 
o ed ae a ig 2.—Page from Coronary Risk Handbook’ that specifically j 
That claud:eation is just a part of a much larger prob- shows probability of 60-year-old man developing coronary heart dis- 


len of cardievascular disease is emphasized by Table 2. sase by age 66. Note probability of 4.8% (top left-hand corner) as 
Comorbidity wth other arteriosclerotic disease was com- contrasted with 53.3% (bottom right-hand corner) based on differ- 
ence in multivariate risk factors. 
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Claudication in Eight Years 
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mon at the time of onset of intermittent claudication. Just 
over half the patients were free of cardiovascular disease 
when their intermittent claudication began. In men and 
women, respectively, about 34% to 44% had coexisting cor- 
onary heart disease, 3% to 4% had atheromatous brain in- 
farction, and 7% to 11% had congestive heart failure. It is 
of interest that among intermittent claudication cases the 
relative immunity of women to cardiovascular disease no 
longer exists. 

Even if the claudicator was free of any of these major 
cardiovascular events at time of onset of his symptoms, 
his future was ominous (Table 3). At the ten-year mark, 
the cumulative percentage of those subjects initially free 
shows that over half of the men and women developed one 
of these major cardiovascular events. 

Table 4 depicts the cumulative probability of dying a 
cardiovascular death after onset of claudication. At ten 
years, 24% of the men and 41% of the women were dead. 
After adjustment for age and sex, in all deaths there re- 
mains a twofold risk of premature death in those persons 
with intermittent claudication compared with those with- 

out the complaint.’ This excess mortality results princi- 

~ pally. from the cardiovascular morbidity and not the is- 
=- chemic limb. The death rate is less than the collected 
series reported by Boyd and Marks’ but probably differ- 
ences in the composition of the groups account for this. 
These data point up the problem of trying to evaluate 
long-range limb survival and graft of endarterectomy pa- 
tency rates in persons with claudication. 


COMMENT 


Certain clinicians have shown a remarkable intuitive 
ability to select out those patients for reconstructive vas- 
cular procedures such that their mortality and morbidity, 
either short or long-term, are acceptable. The accumula- 
tive experience of this long-term study of the association 
of the intensity of risk factors with the probability of 
death or major cardiovascular impairment has allowed the 
development of tables and aids that can predict these 
ominous events for the general population in a more quan- 
titative way. Although tables illustrated for the general 
population are not available for intermittent claudication 
patients per se, it seems reasonable that surgery should be 
recommended only for those patients whose cardiovascu- 
lar-risk profile is favorable and falls below the upper dec- 
iles, unless the surgery is indicated for limb-threatening 
ischemia. 

A US Public Health Service publication? provides tables 
similar to those found in the Coronary Risk Handbook,’ a 
sample page of which is seen in Fig 2. There are tables 
that predict the probability of developing any type of car- 
diovascular disease in an eight-year span according to spe- 
cific patient risk characteristics. Each table is accom- 
panied by average values so that the clinician can tell 
exactly the magnitude of the risk his particular patient 
represents in comparison to the average individual. Al- 
though these tables are designed to prognosticate cardio- 
vascular morbidity or mortality in the general population, 
it seems reasonable that they may apply as well to those 
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subjects with intermittent claudication with the probabil- 
ity generally underestimated. If the prospective patient 
has a profie in the high-risk deciles, it might well be that 
the peripheral vascular surgeon would defer his procedure 
since the cardiac surgeon might have better use for the 
autogenous vein bypass. Surgeons should also be mindful 
of the guarded patency rates for endarterectomies and 
bypass operations. Imparato et al° report 34% failure 
rates in these operations done for intermittent claudica- 
tion and only 40% patency rates in vein bypass operations 
for all reasons at the four-year mark. Martin and Jamie- 
son` speak of 50% patency overall after three years. 

Peripheral vascular surgeons should consider the need 
for more extensive cardiovascular studies of patients who 
are in the high deciles before advising elective surgery for 
the extremities. They should play an active role in counsel- 
ing such patients on changes in their life style and treat- 
ment that may modify the intensity of risk factors, such 
as the cigarette habit and hypertension and possibly dia- 
betes. The conclusion seems inescapable that the major 
problem of the patient with intermittent claudication is 
his high risk for the other cardiovascular events, and at- 
tention to the ischemic limb is not enough. 
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DISCUSSION 


PAUL DE Camp, MD, New Orleans: I want to congratulate Dr. 
Peabody for this epidemiologic departure from the usual surgical 
technical report, the significant reemphasis on the fact that arte- 
riosclerosis anywhere is part of a larger picture, and the emphasis 
that he has placed on the fact that there are many factors that 
contribute to the development of arteriosclerosis. 

I would like to address my remarks to one aspect of the prob- 
lem: virtually all of the predisposing factors of arteriosclerosis are 
subject to correction or amelioration and, hopefully, the progres- 
sion of the disease can be stopped. 

Just to bring us into perspective focus, in 1900 the public health 
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prof lem imthe United Staves was one of infections; in 1968, it was 
priripally one of cerdiovascular disease (accounting for over half 
of dl deaths in this councry), cancer, and accidents. There has 
bee«a tremendous ncreas in the incidence of cardiovascular dis- 
ease in recent years. 

I want © make two poiats. Arteriosclerotic cardiovascular dis- 
ease has imcreased, but we can go back less than a century and 
fimdtthat a>teriosclerosis was relatively uncommon; I see no reason 
way if it cen increase in 7E years, it cannot decrease in the next 75 
yas. 

I -hink most of w have the impression that arteriosclerosis, in 
its =ppearence and its pr@ression, is inevitable. I am convinced, 
from clinical observations of two decades, that this is not true. I 
kmow of ne evidence that the passage of time causes a vessel to 
bezeme scErotic. 

Now, if ene allows a few more years of life, then the various eti- 
olegic factors that will cause arteriosclerosis have more time to 
ac:,dbut th s is the only significance of increased longevity that I 
knoe of. 

Tae other thing - want-to point out for those of you who say 
tha- genes.are what count: if we go back less than a century, nei- 
ther your ancestors nor maine had much arteriosclerosis. 

Tae preponderanee of e-iologic factors producing arteriosclero- 
sis an be corrected or ameliorated. Diabetes can be controlled. 
Liveprotei. and chclesterd levels can be reduced if elevated. Hy- 
per®nsion can be @ntrollad. 

Taere is another group cf factors that are behavioral. They also 
can be controlled, but here results are tougher to procure. . 

Taere ave three behavieral factors that cause arteriosclerosis: 
(1 sitting, (2) stuffing, anc (3) smoking. These are obviously more 
dilfeult te control taan the other factors or there would be none 
of 13 here guilty of either sitting, stuffing, or smoking. I would 
libe to remind you that s health professionals we have a tre- 
merious responsibi ity in this area because the correction of these 
benviora! response factors requires the cooperation not only of 
the >atient but of his pro*essional advisor. Most of us see these 
patents ata time when they are susceptible. You shake the words 
“haadenine of the arteries” in front of a patient, whether it has to 
de with his heart, ais heed, or his legs, and he is scared. That 
creaes an ideal opportuni-y to encourage him by precept and ex- 
ampe as tc what he should do in the ensuing months and years. 

_ vould quarrel with the paper that was presented by Dr. Pea- 
bad- and his co-workers only in one respect. I would suggest that 
we not fight over who is gang to have the saphenous vein. I would 
surest that, insteed of sharpening your knife and waiting for 
the sorona~y disease to approach, you grasp your Bible and your 
pulpit. 

¥ZANCIS ROBICSEK, MD, Charlotte, NC: I will try to continue the 
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discussion in the same noble vein that Dr. DeCamp started, but I 
am sure with much less eloquence. It is somewhat pitiful that the 
mention of tobacco, cigarettes, and nicotine is coming up in only 
the last half an hour of a three-day meeting of this society. 

We have to realize that while a pulsating mass in the abdomen, 
pain at rest, and pregangrenous changes are most of the time ab- 
solute indications for surgery, intermittent claudication is not. 
There is with intermittent claudication a choice to operate or not 
to operate. 

For a while now we gave special attention to the smoking habits 
of our patients who were operated on because of intermittent 
claudication. At first we tried to evaluate our entire surgical mate- 
rial. Later, however, we eliminated patients with ‘emoral-poplit- 


eal bypass grafts because our results were poor regardless, and ~ 


the groups were splintered into subgroups of bovine grafts, Dac- 
ron grafts, saphenous vein grafts in such a small number that it 
was not worth going into any deeper. We, however, reveiwed all of 
our aortofemoral and all of our aortoiliac cases. 

Our first surprise was that we found that 95% ef the patients 
whose condition was severe enough to indicate surgery were 
smokers. Then we found out that we had about a 12% failure rate 
of people who quit smoking after surgery and 36% failure rate of 
people who continued to smoke more than two paeks a day. The 
“one-packers” were in between. 

We accepted a view to refuse to operate on patients with inter- 
mittent claudication unless they promised to make an honest ef- 
fort to stop smoking. 

Makis J. Tsapocas, Albany, NY: The authors are to be com- 
mended for their most interesting contribution. About one year 
ago we completed a study of over 1,000 subjects who had an an- 
nual clinical and laboratory evaluation of their cardiovascular 
status. The fibrinogen, glucose, cholesterol, and triglyceride levels 
were found increased in the symptomatic atherosclerotic group as 
compared to controls. An additional interesting observation was a 
significant depression of the fibrinolytic activity in the former 
group. The exact relation between this finding and atherosclerosis 
is not yet clear, and further studies are required to establish this 
important point. If this is found to be a factor related with ath- 
erosclerosis, orally administered drugs that could enhance in a 
sustained way the fibrinolytic activity may have potential appli- 
cation in the prevention or treatment of this disease. 

Dr. PeaBopy: Thank you, Dr. DeCamp, Robicsek, and Tsapogas 
for your remarks. The three of you epitomize the dictum that the 
care of the patient is caring for the whole patient. 

We apologize if our data did not support an aggressive approach 
to the treatment of intermittent claudication. However, they re- 
mind me that there is a political bumper sticker that says, “Don’t 
blame me, I’m from Massachusetts.” 
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Interspecies Healing 


of Porous Arterial Prostheses 


Observations, 1960 to 1974 


Lester R. Sauvage, MD; Knute E. Berger, MD; Stephen J. Wood, MD; 


Stanley G. Yates II; James C. Smith, MD; Peter B. Mansfield, MD 


We have implanted 1,084 porous arterial prostheses of four differ- 
ent types in humans and in experimental animals (dog, pig, calf, and 
baboon) and 81 impervious grafts in experimental animals. Our ob- 
servations include the following: (1) Though pig and calf do not de- 
velop delayed transinterstices hemorrhage through very thin, highly 
porous smooth-walled prostheses, the dog has a very high incidence, 
and we have seen two cases in man. (2) Compared to the other three 
species, man and dog are limited in their ability to develop pannus 
ingrowth from the anastomoses. (3) Man has the slowest rate of 
transinterstices ingrowth, and the least ability to accomplish com- 
plete inner wall healing, while pig, calf, and baboon heal very rapidly. 
(4) Healing of porous prostheses is assisted by a filamentous exter- 
nal surface, particularly in man. (5) The dog approximates human 
healing more closely than do the other three species. 


his report is a summary of important information 
gained from experimental and clinical studies of the 
healing of 1,084 porous and 81 nonporous arterial pros- 
theses that we have implanted since 1960. Experimental 
prostheses (487) were observed as 6-cm segmental replace- 
ments in the descending thoracic aorta of the dog (198 
grafts), pig (176 grafts), and calf (30 grafts), and as 15-cm 
to 30-cm thoracoabdominal bypass grafts in the baboon 
(16 grafts) and dog (17 grafts). Clinical prostheses (728) 
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were observed as aorite bifurcation replacements (274 
grafts) and as aortofemoral (239 grafts), axillary-femoral 
(66 grafts), femorofemoral (17 grafts), and femoropop- 
liteal (182 grafts) bypass grafts in man. Each limb was 
considered as one graft. Ninety-three specimens recov- 
ered at autopsy or surgery have been examined. 

This study describes similarities and differences ob- 
served among species in the incidence of delayed trans- 
interstices hemorrhage, the extent of pannus ingrowth 
from the host artery, the speed of transinterstices in- 
growth from perivascular sources, and the completeness of 
inner wall healing. The prostheses studied were three 
different porous Dacron prostheses with comparatively 
smooth outer walls, one porous Dacron prosthesis with a 
filamentous (external velour) surface, and one nonporous 
prosthesis (external velour with an outer coat of silicone 
elastomer) (Fig 1 and 2, Table 1). The silicone elastomer- 
coated graft was implanted experimentally in dog, pig, 
calf, and baboon to measure the ability of each species 
to extend pannus ingrowth from the host artery across 
anastomoses. 

The experimental implantations were performed during 
the period of 1960 to 1974 to study the fate of Dacron vas- 
cular grafts. The conclusions about interspecies differ- 
ences are drawn from this experience. 


MATERIALS AND METHODS 
Experimental Species 


Species available for experimental vascular studies are limited 
in number. Ideally, for comparison to adult man, the animals 
should also be mature and of a species with a life span comparable 
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Table 1.—Graft Materials From Which Healing Observations Were Made 









Mean Water 














Porosity, No. No. 
Interstices per Fabric ml/sq cm/min Experimental Clinical 
Type of Prosthesis Square Centimeter Thickness, at 120 mm Hg (Period) (Period) | 
Porous (smooth-walled) 
DeBakey knitted 1,480 380 3,000 54 42 
Dacron 6010 (1965-1970) (1960-1969) 
Wesolowski Weavenit* 1,800 284 4,800 78 221 
(1963-1969) (1964-1970) 
Microknit 3,360 209 8,600 114 101 







(1966-1972) (1966-1969) 
Porous (filamentous-walled) 600 700 3,000- 105 366 
External velourt 5,000 (1968-1974) (1970-1974) 
Impervious | 


Silicone elastomer 79 
coated external velourt (1968-1974) 















* Specifically Wesolowski Weavenit (Surgery 59:40, 1966). 
t Velour loop height averages 375, above basic wall. 
ł Integral coating of silicone elastomer is 1 mm thick and is applied to external surface of graft material. Does not extend to flow surface. 





Table 2.—Interspecies Experimental Study of Porous and Impervious Arterial Prostheses 
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Porous (Knitted Dacron) Impervious 


Smooth-Walled Filamentous-Walled Silicone Elastomer 
















Thoracic (6 cm) External Velour Coated External Velour 
TS SF A 
DeBakey Thoraco- Thoraco- 
Knitted Wesolowski Thoracic abdominal Thoracic abdominal 
Dacron Weavenit Microknit (6 cm) (15 to 30 cm) (6 cm) (15 to 30 cm) 
Mean Mean Mean Mean Mean Mean Mean 
Implant Implant Implant Implant Implant Implant Implant 










No. of Period, No.of Period, No.of Period, No. of Period, No.of Period, No.of Period, No.of Period, 
Species Grafts Days Grafts Days Grafts Days Grafts Days Grafts Days Grafts Days Grafts Days Total 


Dog 13 311 39 50 45 55 74 82 6 82 27 120 11 82 215 
Growing pig 40 156 36 115 50 158 16 99 BA NP 13 109 ae saa 



































Minipig 


to man’s. Unfortunately, most long-lived species would make dif- dying at less than one week without graft complications, unless 
l ficult experimental subjects for arterial prosthesis research, for they were killed for specific histologic interval study. 


example, elephants, tortoises, and parrots. Porous Grafts.—Six-centimeter grafts were used to bridge de- 
| In our experimental studies, we employed dogs, pigs, calves, fects created by excision of 5- to 6-em lengths of the upper part of 
~ and baboons. Two of these, pig and calf, are too large in maturity the descending thoracic aorta of the dog, growing pig, minipig, 
to be of practical use, and were therefore studied as young, grow- and calf. Longer grafts were implanted as thoracoabdominal by- 


3 ing animals. To determine whether there might be major differ- passes in the baboon (15-cm) and the dog (25- to 30-cm). 
k -ences between the growing and mature animals, we did a series of 


~ implantations in adult laboratory-bred “minipigs.” In general, we 

did not observe any differences, either in speed or completeness of 

healing, between the growing pigs and the much older minipigs. 

The dogs employed in this study were almost all adult mongrels, 

generally weighing about 25 kg (55 Ib). The calves were of wean- 

ing age, generally 6 to 8 weeks and 60 to 70 kg (132 to 154 lb) at 

time of implant. The growing pigs were about 8 weeks old and 15 

E to 20 kg (33 to 40 lb), while the minipigs were about 1 year old and 

_ approximately the same weight as the growing pigs. The baboons 
were 3 to 4 years of age and 9 to 14 kg (20 to 31 Ib). 


Impervious Grafts.—To absolutely exclude transinterstices tissue 
ingrowth and thereby facilitate study of pannus ingrowth, special 
prostheses were prepared for us in which silicone elastomer was 
coated as an integral layer of about 1-mm thickness on the outer 
surface of the external velour prosthesis. The silicone elastomer 
did not penetrate to the inner surface (Fig 2). 

This impervious prosthesis was implanted both as 6-cm length 
thoracic replacements in the dog, growing pig, minipig, and calf, 
and as 15- and 30-cm length thoracoabdominal bypasses in the ba- 
boon and dog. The impervious thoracoabdominal grafts presented 
a problem of suture-line dehiscence, especially at the end-to-side 

. union to the abdominal aorta. To avoid this problem, 1- to 2-em 
experimental Grafts length “cuffs” of noncoated external velour grafts were sutured to 

Number and type of grafts (Fig 3) and mean implantation the ends of the silicone elastomer and used for anastomosis to the 
times are shown in Table 2. Animals listed in this table include all aorta. 


those dying at any time with graft complications, but not animals With all grafts, at the time of killing or after spontaneous death 
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Fig 2.—Scanning electron microscopy composite photograph 
{ x1") of crosssection of silicone elastomer-coated external velour 
(8-mam diameter) grat. Note that silicone elastomer does not pene- 
trate to flow surface. 


of th animal, the grafts were removed, opened, photographed, 
and placed in formalin. After sectioning, they were stained 
(henatoxyiin-eosin and trichrome) for microscopical study. The 
occuarence of delayed transinterstices hemorrhage was assessed 
at autopsy by noting the presence of either perigraft hematomas 
or fre rupture into the pleural eavity. The extent of pannus in- 
growth was noted grossly and confirmed by microscopical study. 
Speed of transinterstices ingrowth and completeness of inner wall 
healmg were assessed by study of microscopical sections taken 
from the middle of the grafts. 


Clinical Grafts 


Seven hundred twenty-eight prostheses of the four porous 
type: studied experimentally have been implanted in man as aor- 
toiliac, aortofemoral. axillary-femoral, femorofemoral, and femor- 
oper iteal grafts (Table 3) for periods ranging up to 11 years. The 
com» arative patency rates of these different prostheses will be re- 
ported separately. Our coneern in this article is with delayed hem- 
orrhage and healing. 

H.aling data are based on 61 specimens of smooth-walled knit- 
ted Dacron prostheses recovered at autopsy or reoperation from 
43 p=tients, after implantation periods ranging from 16 days to 11 
years, and en 32 external velour knitted Dacron prostheses speci- 
mens, recovered at eutepsy or reoperation from 21 patients, after 
implantation periods ranging from seven days to four years. 
These specimens include several grafts implanted elsewhere and 
prow ded for our study by other investigators. 


OBSERVATIONS 
i Delayec Transinterstices Hemorrhage 


The ineidence o? delayed transinterstices hemorrhage is 
shown in Fig 4. All experimental grafts were used in the 
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thoracic aorta, while the clinical grafts were used in the 
aortoiliac, aortofemoral, femorofemoral, axillary-fem- 
oral, and femoropopliteal locations. The incidence of de- 
layed transinterstices hemorrhage in man with the micro- 
knit prosthesis was 2% (two of 101 grafts implanted). Both 
hemorrhages occurred with aortofemoral grafts. The type 
of hemorrhage referred to was major and was frequently 
fatal. This type of hemorrhage occurred mainly in the dog 
and only with the thinner, very porous types of prostheses 
(microknit, 75%; Wesolowski Weavenit, 42%).' The higher 
incidence observed in the dog with the microknit pros- 
thesis was interesting in that no dog died of hemorrhage 
at less than seven days or more than 35 days postopera- 
tively. Hemorrhage was not seen with these prostheses in 
the pig or calf, but one of the 101 microknit grafts im- 
planted in man hemorrhaged after nine months’ and an- 
other after 80 months. Microknit and Weavenit prostheses 
were not studied in the baboon. 

Based on coagulation and fibrinolytic assays that we 
have performed on both dogs and humans, it appears that 
the higher incidence of delayed hemorrhage in the dog is 
due to a highly active fibrinolytic system, coupled with in- 
sufficient reserves of fibrinogen to tolerate extended de- 
mands during the postoperative period. Plasmin, the ac- 
tive fibrinolytic enzyme, is often detectable m dog blood 
but seldom in human blood. Fibrinogen levels in man did 
not change substantially postoperatively, but large 
changes were seen in the dog. The fibrinogen levels were 
tested in dogs receiving microknit grafts: a dramatic in- 
crease in fibrinogen level was seen in the first four to six 
postoperative days, followed by a large decrease, which 
was itself followed shortly by overt evidence of major 
transinterstices hemorrhage in many cases. 


Extent of Pannus Ingrowth 


Pannus ingrowth is the term used to describe tissue, ex- 
tending across the anastomosis onto the flow surface of 
the graft, that has arisen as a hyperplastic reaction from 
the ends of the host artery. The advancing pannus is 
never in the form of islands; all growth is continuous with 
an advancing front that may be uniform or have finger- 
like projections. Pannus ingrowth is a separate process 
from that of tissue growing through the walls of the graft 
from perivascular sources (transinterstices ingrowth). 

In earlier reports** we have stated that man is unable 
to extend pannus ingrowth more than 6 to 10 mm from 
the anastomotic line, and that this limitation may not be 
age-dependent, as the few young patients observed were 
as limited as the elderly. One of these specimens was a 
knitted Dacron graft implanted in the thoracic aorta for 
correction of coarctation of the aorta in an 11-year-old 
child. Pannus ingrowth is relatively easy to measure in 
porous human grafts since man seems incapable of bring- 
ing tissue onto the flow surface of smooth-walled grafts 
by means of transinterstices ingrowth. 

Measurement of extent of pannus ingrowth in experi- 
mental animals was impossible with porous prostheses, as 
these species were capable of complete inner wall healing 
by transinterstices ingrowth alone. Hence, to observe the 
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Fig 3.—Experimental graft implants. A, Replacements (6 cm) of bypass (15 to 30 cm) as employed in dog and baboon for study of 


upper part of descending thoracic aorta as employed in dog, pig, porous prostheses. D, Thoracoabdominal bypass (15 to 30 cm) as 
and calf for study of porous prostheses. B, Replacements (6 cm) of employed in dog and baboon for study of impervious (silicone 
upper part of descending thoracic aorta as employed in dog, pig, elastomer coated) prostheses. E, Same as D, only with cuffs of 
and calf for study of impervious prostheses. C, Thoracoabdominal porous fabric for attachment to aorta. 





Table 3.—Number and Location of Porous Knitted Dacron Prostheses Implanted in Man 













Smooth Walls Filamentous 
Walls 
DeBakey Wesolowski a Se 
Knitted Dacron: Weavenit: Microknit: External Velour: 

Location 1960 to 1969 1964 to 1973 1966 to 1969 1970 to 1974 Total 
Aortic bifurcations* 36 104 0 134 274 
Aortofemoral bypass* 6 75 64 94 239 
Axillary-femoral bypass 0 17 7 42 66 
Femorofemoral bypass 0 1 0 16 17 






Femoropopliteal 


bypass (to or above knee) 0 22 30 80 132 
Total 42 219 101 366 728 


* Each limb is considered as one graft. 















702 Arch Surg/Vol 109, Nov 1974 Ho Interspecies Healing/Sauvage et al 


s 


W Microknit 
EJ Wesolowski 
Weavenit 


W External Velour 


IAGIGEACE öt Velayéd | ransinterstices 
Hemorrhage, % 


Dog Fig Calf Man 


Fig 4.—lacidence of delayed transinterstices hemorrhage with 
-hree different types of porous arterial replacements in dog, pig, 
zalf, and msn. 


Thrombus 
2£-cm Pannus 2 


Ss 


=- C — 
SSS 
~ PLAE ee 
= Lo 
5 = Se GZ 


Eara 






Sileone Elastomer Aortic Wall 


Outer Sapsule Adventitia 


Calf, 6 mo 


Thrombus 
2.0 ->m Pannus 





Sili ene Elastomer 
Outer Capsule sie 
Adventitia 
Thrombus 
3.5- cm Pannus oe 
em 


= "NN 
na” 37 ai 
hh lay SY 7 i 
æ RONY 





Sisone Elastomer Outer Capsule 44 
Adventitia 


Man, Several Years 


@5-cm Pamnus Thrombus 





Aortic Wall 


Outer Capsule 
Adventitia 


“rch Surg/7ol 109, Nov 1974 





extent of pannus ingrowth, the transinterstices ingrowth 
was prevented by making the prosthesis impervious with 
an integral external coat of silicone elastomer approxi- 
mately 1 mm thick (Fig 2). These grafts were implanted 
in 81 animals. 

In these impervious prostheses, the extent of pannus 
ingrowth was greatest in the pig, somewhat less in the 
calf, and much less in the dog and in man (Fig 5). 

We have pertinent evidence about pannus ingrowth 
from the host aorta in only two baboons, since in most ex- 
periments the impervious grafts were joined at either end 
to the host aorta through the medium of short porous 
graft segments, to prevent suture line dehiscence. In 
these two baboons, the silicone elastomer coated graft has 
been joined directly to the aorta and had not dehisced. 
One baboon was killed at five weeks and the other at 23 
weeks. Interestingly, in both, the pannus ingrowth ex- 
tended for about 12 mm along the inner surface of the im- 
pervious prosthesis. 


Speed of Transinterstices Ingrowth and 
Completeness of Inner Wall Healing 


Transinterstices ingrowth—the movement of fibrous tis- 
sue through the wall of a porous graft—was quickest in the 
pig, calf, and baboon, in all of whom it occurred at approx- 
imately the same rate. The dog is slower than these exper- 
imental species, but still much faster than man (Table 3). 

We define complete healing as the total encapsulation 
of the prosthesis, including an endothelial flow surface. In 
general, the completeness of the inner wall healing corre- 
lates with the speed of transinterstices ingrowth, thus, 
the baboon, pig, and calf attain a healed flow surface 
within four to six weeks. In the baboon and calf the inner 
prosthetic wall tends to remain thin, while im the pig it 
tends to thicken progressively and to calcify.* The dog, 
while slower than the pig, calf, and baboon, generally at- 
tains a thin healed flow surface within eight to 12 weeks. _ 

With the conventional (relatively smooth-walled) 
grafts, inner wall healing in man has always been very in- 
complete.2* In sharp contrast to the experimental ani- 
mals studied, man appears to be very limited in his ability 
to organize the fibrin deposits on the luminal aspects of 
arterial prostheses. Except for the limited area of pannus 
ingrowth adjacent to the anastomoses, the flow surface of 
such grafts persists as a fibrinous lining. Typically, 
months to years after implantation, the prosthesis is sur- 
rounded by a thick outer capsule of relatively acellular 
scar tissue that is poorly attached to the prosthesis by 
prongs of tissue extending into the interstices. 

We have seen advanced healing in two human speci- 
mens with the filamentous (external velour) prosthesis. 


Fig 5.—Extent of pannus ingrowth in pig, calf, dog, and man. The 
6-cm experimental grafts are depicted with silicone elastomer outer 
coat used to exclude transinterstices ingrowth. Human graft de- 
picted is porous, since no impervious grafts were implanted in man. 
Pannus ingrowth arises from aorta and extends across anastomotic 
junction. Flow surface not covered by pannus ingrowth is formed by 
unorganized thrombus. 
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Table 4.—Some Factors Pertinent to Transfer of Experimental Data on Healing to Man 


Tendency to Delayed 
Transinterstices 
Hemorrhage With 
Thin, Highly 
Porous, Smooth- 
Walled Grafts 


Small, but 
present 


Pannus 
ingrowth 
Capability 
Very limited 


Marked Very limited 


Absent 


Very marked 


Absent Marked 


Not tested Probably 


marked * 


* Only two observations, see text. 


The first, an aortofemoral graft at 174 days (patient dying 
of cardiac causes), showed complete fibrous tissue healing 
through to the flow surface, but we were unable to demon- 
strate endothėélium.® However, the second graft, an ax- 
illary common femoral artery bypass graft at 20 months 
(patient dying of cardiac failure and bowel infarction), 
showed areas of complete fibrous tissue healing with an 
endothelial flow surface scattered throughout the length 
of the graft in a discontinuous manner (L.B. Beilin, et al, 
unpublished data). 


COMMENT 


In view of the great differences between man and the 
four experimental species in the healing of porous arterial 
prostheses, the question arises as to the place of experi- 
mental evaluation in the development of prostheses for 
man. It would be helpful if we knew of an experimental 
animal that would allow transference to man on a one-to- 
one basis. Unfortunately, we do not know of such a spe- 
cies. Nonetheless, experimental healing data are still 
highly useful if the interspecies differences are kept in 
mind. (Of course, the suturability and durability of pros- 
theses can be evaluated in any of the species studied.) 

Accurate prediction of man’s ability to heal a prosthesis 
on the basis of experimental data is difficult, however. In 
general, we would make a cautious statement that the 
slower an experimental animal heals a prosthesis, the 
more probable that the data from that species will be ap- 
plicable to man, because man heals arterial prostheses 
so much slower than any experimental animal thus far 
tested. For example, man heals arterial prostheses so 
slowly and incompletely that he cannot accomplish in 
three years what the baboon can in three weeks. For this 
reason, we prefer the dog, because of its slower healing 
rate, to the pig, calf, or baboon for the study of arterial 
prostheses. 

Our data indicate that a filamentous configuration of 
the outer surface of porous prostheses is beneficial to heal- 
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Complete Inner Wall 
Healing & Speed 
of Attainment 

Rarely attained with conventional 
smooth-walled grafts even after 
many years’ implantation 

Fast Stable and suitable healed state 
generally achieved in 2 to 3 mo 

Healed state generally achieved in 
4 to 6 weeks, but tends to be un- 
stable, progressively thickening 

Stable and suitable healed state 
generally achieved in 4 to 6 
weeks 

Stable and suitable healed state 
generally achieved in 4 to 6 
weeks 


Speed of 
Transinterstices 
ingrowth 


Extremely slow 


Very fast 
Very fast 


Very fast 


ing, particularly in man. Man’s ability to heal a conven- 
tional porous prosthesis with relatively smooth walls is far 
less than that of any of the experimental animals that we 
have studied; even modest degrees of assistance given to 
the tissues by configurations designed to enhance healing 
might therefore be more apparent in man than it would be 
in experimental animals, which are capable of rapid heal- 
ing of porous prostheses of nearly any type. 

We believe that the filamentous configuration extend- 
ing through the wall of the external velour knitted Dacron 
prosthesis favors healing because fibroblasts advance 
more rapidly through a porous wall having a filamentous 
structure than they do through one whose surfaces are rel- 
atively smooth. Some measure of speed of transinterstices 
ingrowth is gained by noting the firmness of bonding of 
the outer capsule to the prosthesis. The strength of this 
attachment with the external velour prosthesis is notably 
greater than in the smooth-walled types. 

Our studies have shown that, in man, compacted fibrin 
forms the inner lining of smooth-walled porous pros- 
theses, even after many years’ implantation.” That such 
prostheses do function well in high-flow environments in- 
dicates that, in fact, compacted fibrin is a reasonably good 
flow surface. But, because the thrombotic threshold ve- 
locity (velocity at which thrombosis begins)‘ of compacted 
fibrin is relatively high, compacted fibrin is not a suitable 
flow surface for small vessels or for larger vessels where 
the velocity of flow is slow, even for short periods of time.’ 

There are major differences in the healing character- 
istics of the dog, pig, calf, and baboon with porous arterial 
prostheses implanted in the descending thoracic aorta, 
and there are major differences between each of these spe- 
cies and man. Specific interspecies healing differences per- 
tinent to transfer of experimental data to man are shown 
in Table 4. Experimental data do have clinical significance 
if the interspecies differences are recognized. 

Figure 4 shows that, in contrast to the dog, man has 
little tendency to develop delayed transinterstices hemor- 
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È, 


rh-ge with thin-walled, highly porous prostheses. How- 
ever, in our first report on the microknit prosthesis,’ we 
remarked on a single instance of graft hemorrhage in 
men, whieh occurred in an aortofemoral bypass graft nine 
menths postoperatively. The area of hemorrhage was a 
shert distance proximal to the femoral anastomosis and 
resulted in the development of a 3X3-cm pulsating mass 
in the groin. Rezently, we had another aortofemoral mi- 
crknit graft develop transinterstices hemorrhage at 80 
menths (October 1967 to June 1974) after implantation 
(David Sumner, MD, oral communication, June 1974). 
Tł=se two instances occurred out of a group of 101 micro- 
kmt clinical implants. . 

“he fact that delayed transinterstices hemorrhage has 
ocurred in man is a reason for concern with this type of 
prosthesis. Clement Darling, MD, of Massachusetts Gen- 
eral Hospital (eral communication, June 1974) has re- 
pected delayed transinsterstices hemorrhage at 13 days 
wih a similar type of lightweight, highly porous smooth- 
welled prosthesis. Hence, the dog may be of more value 
than we initially thought as a prognosticator of the possi- 
biaty of delayed hemorrhage occurring in man. In other 
werds, if delayed hemorrhage is not seen in the highly 
fibrinolytic dog, we need not worry about it occurring in 
man; but, if it is seen in the dog, it may be seen in man 
(perhaps at times of unusual increase in fibrinolysis). 

Man and dog have similar pannus ingrowth capabilities, 
beth having less than the pig cr calf. Man has by far the 
Slewest rate of transinterstices ingrowth. Though much 
faster than man, the dog ‘s slower than the pig, calf, or 
baboon. 

The rapidity ef healing of porous prostheses in the ba- 
bon, calf, and pig sharply differentiates them from man. 
Healing in the dig is further unlike man in that the pig 
tends to develop a very thick inner lining. The baboon, 
waich, as a primate, is the closest relative to man of the 
scies studied, was a great disappointment in that it 
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proved to be radically unlike man in speed and extent of | 


healing. 
Viewed against the background of the interspecies evi- 
dence herein reported, we believe the dog te be the most 


useful of the experimental animals available to study ar- _ 


terial prostheses for human application. 
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Acute Abdominal Aortic Injury 


An Analysis of Operative and Postoperative Management 


Robert C. Lim, Jr., MD; Donald D. Trunkey, MD; F. William Blaisdell, MD 


Thirty-two acute abdominal aortic injuries were treated in the last 
five years. The overall mortality was 63%. Fifteen injuries involved 
the infrarenal portion of the aorta (mortality, 53%) and eight injuries 
involved the diaphragmatic or celiac portion of the aorta (mortality, 
50%). There were nine injuries to the suprarenal or visceral aorta; 
the mortality was the highest in this group (89%). A thoracoabdomi- 
nal approach with occlusion of the descending thoracic aorta and 
mobilization of the abdominal viscera from left to the midline to ex- 
pose the aorta is employed. The use of fresh whole blood, fresh fro- 
zen plasma, and platelet concentrates are important adjuncts to the 
resuscitation when massive blood replacement is necessary. 


ol of increased violence and high-speed trans- 
portation, more than 100,000 people are killed each 
year. In the city and county of San Francisco there are ap- 
proximately 500 deaths annually from major trauma. In 
1972, there were 18 deaths (3.6%) from aortic injuries.’ 
Early recognition and prompt definitive treatment are 
paramount for salvage. Much has been written regarding 
the treatment of thoracic aortic injuries, but little has 
been published on abdominal aortic injuries.?° 

Acute abdominal aortic injuries are both a diagnostic 
and therapeutic challenge to the surgeon. Prior to the 
Vietnam conflict, survival was rare following aortic in- 
jury. Early in the Vietnam conflict, Rich presented a fol- 
low-up of 1,000 cases of arterial injuries that included only 
three patients with abdominal aortic injuries.* Later in 
1969, ten patients with aortic injuries were treated and 
four survived.’ Aortic injuries have remained highly le- 
thal, and only in the last five years have survivals been re- 
ported with any consistency. 

The present study deals solely with abdominal aortic in- 
juries with the hope of defining areas in which we can 
seek to decrease morbidity and mortality. 


CLINICAL MATERIAL 


In the last five years (1969 to 1974), 32 patients with abdominal 
aortic injuries survived long enough to be treated at the San Fran- 
cisco General Hospital. All but three of the patients were in 
profound shock on admission. Four had cardiac arrest in'the emer- 
gency room on arrival. Eleven others had dilated fixed pupils and 
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no palpable blood pressure, but still had evidence of cardiac activ- 
ity at the time of admission. 

The average age of the patients was 34.8 years (Fig 1). The 
youngest was 13 years of age and the oldest 79 years. There were 
29 males and three females. 

The causes of injury included gunshot wounds (19 patients), 
stab wounds (11 patients), and blunt trauma (two patients). The 
anatomical distribution of aortic injury is illustrated in Fig 2. 


Diaphragmatic Aorta 


Injuries located at or above the celiac axis were included in this 
category. Patients with injuries to the diaphragmatic portion of 
the aorta usually had contained hematoma. The natural surround- 
ing tissue in part tamponaded the injury. Of the eight patients 
who were treated, the operative mortality was 50%. Four patients 
had gunshot wounds and four had stab wounds. All four patients 
who died (two from stab wounds and two from gunshot wounds) 
arrived in the emergency room in profound shock. Three had no 
palpable blood pressure and all three had cardiac arrest in the 
emergency room. The other patient had a blood pressure of 60/0 
mm Hg. All four patients were resuscitated and were taken to the 
operating room immediately, but could not be salvaged and died 
from exsanguination in the operating room. Of the four patients 
who survived, three arrived without palpable blood pressure or 


Fig 1.—Age distribution of patients with abdominal aortic injuries, 
15 
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Fig 2.-Anac>mica distribution of abdominal aortic injuries. 


pulse but wee promptly resuseitated. They were immediately 
taken to th= operatirg room (Table 1). One of these patients devel- 
oped post@erative complications of pneumonia, pancreatitis, and 
Gram-neg.tive sepsis, which responded to therapy. The other 
three patientsthad an uneventful postoperative course. Five of the 
eigh: patients had essocia‘ed injuries including the heart, liver, 
spleen, portal vein, hepatr artery, hepatic veins, stomach, and 
pancreas (Tabie 1). Gne of “he surviving patients had a .22-caliber 
gunshot wean of the aorte with the bullet embolizing to the deep 
femoral arter» (Fig 3). This necessitated a second procedure to re- 
move the missile. 


Suprarenal Aorta 


Injuries to *he section o: the aorta extending below the celiac 
axis to theareral arteries were included in this category. Nine pa- 
tients were tr=ated with penetrating injury to the suprarenal or 
visceral porticn of the aorta (Table 2). Eight of the nine patients 
died, and all eight were admitted to the emergency room in 
profeund socz. One patiert developed cardiac arrest. Resuscita- 
tion was imtia-ed in zhe emergency room and was continued in the 
operating zoom. All eight patients died from massive uncon- 
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Table 1.—Diaphragmatic Aortic Injuries 


Case No Cause of Injury Associated Injuries Results 

1 Gunshot wound Liver, Died in operating room 
stomach, . 
spleen 

2 Stab wound None Died in operating room 

3 Gunshot wound Liver, Died in operating room 
hepatic veins : 

4 Stab wound None Died in operating room 

5 Gunshot wound Liver Alive, no complications 

6 Stab wound Liver, Alive, postoperative complications (pancreatitis, 
portal vein, pneumonia, Gram-negative sepsis) 
hepatic artery, 
pancreas 

7 Stab wound None Alive, no complications 





trollable bleeding, both from the aortic injury and from associated 
injuries. 

The lone survivor, a patient with a gunshot wound, arrived in 
the emergency room with stable vital signs. He had associated in- 
jury to the portal vein, renal vein, and a laceration of the liver. 
The bullet was lodged against the vertebral body (Fig 4). He was 
operated on and, because of the extensive nature of the injury, 
Dacron graft replacement of the aorta was necessary. He had an 
uneventful postoperative course. 


infrarenal Aorta 


Fifteen patients had injury to the portion of the aorta between 
the renal arteries and the aortic bifurcation (Table 3). The causes 
of injury were seven gunshot wounds, six stab wounds, and two 
injuries due to blunt trauma. The mortality was 58%. Two patients 
died on the operating table from exsanguination. One patient re- 
mained in shock throughout the procedure and died in the recov- 
ery room. One patient died 48 hours postoperatively from a pre- 
ventable iatrogenic complication. This patient had cardiac arrest 
secondary to hypoxemia during transportation from the recovery 
room to the intensive care unit. One patient survived nine months 
only to die from continuous intra-abdominal sepsis that developed 
from the multiple associated injuries. 

Out of the seven patients who survived injury to the intrarenal 
aorta, three had gunshot wounds, three had stab wounds, and one 
had blunt trauma. They all were admitted to the emergency room 
in profound shock. They were resuscitated with crystalloid solu- 
tion and were promptly operated on. All had asseciated injury 
that included the jejunum, middle colic artery, liver, pancreas, 
stomach, and spinal cord. Primary repair of the aorta was done in 
all the patients. One patient required three operations because of | 
bleeding, and 29 units of fresh whole blood was needed to correct 
the bleeding diathesis. 


COMMENT 


The successful management of abdominal aortic in- 
juries depends on prompt aggressive resuscitation, recog- 
nition of the injury, and operative treatment. The success 
of the latter in turn depends on the operative approach, 
recognition and management of associated injuries, and 
control of the aortic injury. 

Resuscitation requires placement of large-bore cut- 
downs in multiple sites (antecubital fossa, long saphenous 
vein at the ankle) and initial fluid infusion of balanced 
salt solution followed by whole blood replacement. If the 











Alive, no complications 
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Fig 3.—Gunshot wound to abdominal aorta with bullet embolus to 
deep femoral artery. 


ae 





Fig 4.—Gunshot wound to suprarenal aorta, liver, portal vein, 
and renal vein. Retrograde femoral aortogram with selective cathe- 
terization of fistula into portal vein: bullet lodged against vertebral 
body. 


patient is in severe shock, albumin or its substitutes or 
both should be avoided as the initial fluid for resuscita- 
tion.°® 

One of the major requirements in the management of 
abdominal aortic injury is the availability of large 
amounts of blood. Any major trauma center treating this 
type of injury must ensure that large amounts of type- 
specific blood or low titer O-negative blood for replace- 
ment is available immediately. The presence of major as- 
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Fig 5.—Anatomical exposure of aorta by mobilizing descending 
colon, spleen, tail of pancreas, and small bowel to right of midline. 





Table 2.—Suprarenal Aortic Injuries 





Associated 































No. Cause of Injury Injuries Results 

1 Gunshot wound Portal vein, Alive, Dacron 
renal vein, graft inserted 
liver 

2 Gunshot wound Renal vein, Died in operat- 
portal vein, ing room 
hepatic artery 

3 Gunshot wound Liver, Died in operat- 
small bowel ing room 

4 Stab wound Portal vein, Died in operat- 
splenic vein ing room 

5 Gunshot wound Liver, Died in operat- 
inferior ing room 
vena cava 

6 Gunshot wound Liver, Died in operat- 
duodenum, ing room 
pancreas, 
kidney, 
mesenteric 
vein 

7 Gunshot wound Kidney, Died in operat- 
renal artery ing room 
and vein, 
stomach, 
spleen, 
duodenum, 
colon 

8 Gunshot wound Lung, Died in operat- 
liver, ing room 






adrenal gland, 
renal arteries, 
pancreas, 
colon, 

renal vein 


9 Gunshot wound Spleen, Died in operat- 
splenic vein, ing room 
liver, 
inferior 
vena cava, 
diaphragm, 

lung 
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Cause of Injury Associated Injuries 


1 Stab wound Small bowel, 
duodenum, 
renal artery 
2 Blunt trauma None 
3 Gunshot wound Kidney, 
small bowel, 
inferior vena cava 
4 Gunshot wound Portal vein 
5 Gunshot wound Renal artery, 
kidney, 
inferior vena cava 
6 Stab wound lleum, 
inferior vena cava, 
liver 
7 Stab wound Stomach, 
duodenum 
8 Gunshot wound Spinal cord, 
small bowel, 
colon 
9 Blunt trauma Jejunum, 
pelvic fracture, 
long bone fractures 
10 Gunshot wound Jejunum 
11 Stab wound Colic artery 
12 Stab wound Liver, 
pancreas, 
stomach 
13 Stab wound None 
14 Stab wound Small bowel 
15 Stab wound Liver, 
diaphragm, 
inferior vena cava, 
skull fracture 


= Died nme months postoperative from septic complications. 


so@ated vascular injuries compounds the need and 10 to 15 
or more wits of blood are frequently required for resusci- 
tafien. 

“he combmation of extensive injury, shock, and mul- 
tipe transfusions is often associated with the develop- 
mem of a bleeding diathesis. Studies have shown that this 
detect in aermostasia is due to abnormal platelet function.’ 
Inseme mstances, it is aggravated by depletion of clot- 
ting facters. When a bleeding diathesis is recognized, a 
platelet prokem can be assumed and platelet concentrates 
sheuld be given. If the prothrombin time and the partial 
thrombopias-in time are prolonged, a simultaneous defi- 
ciency in el&ting factors can be assumed. Fresh frozen 
plasma, whic has all the major clotting factors, should be 
giwen rataer than cryoprecipitate, which has only factor 
VILL Semal coagulation studies and platelet function 
studies a»e eone to monitor therapy. In recent patients 
wh were treated this way, postoperative bleeding dia- 
thes:s has been m_nimal or relatively easily controlled. 

E has also be2n documented that old bank blood 
(greater than seven days old) has low levels of inorganic 
phesphate and the ability of the red blood cells to deliver 
oxygen is impaired. When massive blood replacement is 
nesessary the defect in red cell function compounds the 
mezabolic complications of shock.* Therefore our present 
pola is chet whenever patients require more than 10 
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Table 3.—Infrarenal Aortic Injury 


Died in 48 hr, iatrogenic 


Died 2 days after operation, shock 
Died* 


Died in operating room 
Died in operating room 


Died in recovery room, shock 


Died in 1 week, disseminated intravascular coagulation, cerebral 
_ thrombosis 


Died in 10 days, second-degree sepsis from infected Dacron graft 
Alive, no complications 


Alive, no complications 
Alive, no complications 
Alive, no complications 


Alive, no complications 
Alive, no complications 
Alive, no complications 





units of blood, all subsequent transfusions are with fresh 
whole blood. To illustrate this point, a patient with a gun- 
shot wound through his aorta was admitted with no pal- 
pable blood pressure. He was resuscitated and a lacerated 
aorta was repaired. Postoperatively he developed a bleed- 
ing diathesis. His circulating platelet count was 18,000/cu 
mm and platelet function as measured by platelet aggre- 
gation induced by adenosine diphosphate and epinephrine 
was grossly abnormal. He was transfused with fresh blood 
and 10 units of platelet packs, which corrected the bleed- 
ing diathesis. 


Abdominal aortic injury should be suspected in any pa- 


tient with a penetrating injury of the abdomen or lower 


part of the chest who is admitted in profound shock, par- . 
ticularly if the wound is in proximity of the upper midline.. 
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Diagnosis of aortic injury in blunt trauma is more diffie 


cult preoperatively, but should be suspected when shock is - 


severe and when history of an injury caused by compres- ` 


sion of an object against the vertebral column is obtained. 
Abdominal aortic injury should be the first consideration 
at laparotomy if a large amount of blood is found in the 
free peritoneal cavity and there is considerable retroperi- 
toneal staining or hematoma. All such contained hema- 


tomas in proximity to the abdominal aorta should be | 
explored. e, 


Control of abdominal aortic bleeding depends on the ~~ 
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site of injury. From our analysis, the most difficult seg- 
ment of the abdominal aorta to manage is the suprarenal 
or visceral portion of the aorta. Associated injuries are the 
rule, and often there is simultaneous bleeding from many 


areas. If the hematoma extends proximally to the level of 


the diaphragm, it is difficult to ensure proximal control 
by any means other than at the thoracic aorta. In large 
hematomas, far too often proximal control is attempted 
by cross clamping the aorta as it traverses the diaphragm, 
which fails and valuable time is lost. We have learned that 
in any injury from the diaphragm to the renal arteries, 
proximal control is best obtained through a separate left 
anterior thoracotomy or thoracoabdominal incision. 


Operative Technique 


The aorta is best exposed through a long midline ab- 
dominal incision. This can be extended across the costa] 
cartilages into the left sixth or seventh intercostal space 
as one continuous incision. Alternatively, a separate ante- 
rior thoracotomy incision can be made in the seventh left 
intercostal space. The descending thoracic aorta is identi- 
fied and is cross clamped for proximal control. During this 
time, resuscitation with the aorta cross clamped allows es- 
sential time to restore blood volume while perfusing the 
brain and heart. An incision is made along the left colic 
gutter.” The descending colon is mobilized along with the 
splenic flecture, the spleen, and tail of the pancreas (Fig 
5). It is reflected toward the midline along with the small 
bowel. With retraction of the spleen and greater curva- 
ture of the stomach and tail of the pancreas to the right, 
the aortic hiatus is identified. If a thoracoabdominal inci- 
sion is used, the diaphragm is divided from its attach- 
ments to the thoracic side wall, preserving the phrenic in- 
nervation. It is incised down to the hiatus, exposing the 
entire abdominal and the lower part of the thoracic aorta. 
Dissection is carried out in this relatively avascular plane 
where the mesentery of the descending colon is adherent 
to the posterior peritoneum. Care is taken not to go too 
deeply, otherwise the kidney and the adrenal gland will be 
mobilized with the colon. 

Distal control is obtained by placing a vascular clamp 
across the infrarenal aorta or aortic bifurcation. Dis- 
section is carried down into the periaortic hematoma, 
evacuating the clot. If the left renal vein compromises the 
exposure, it can be divided without impairment to renal 
function, provided that the collateral venous drainage is 
not disturbed. The abdominal aorta is then exposed in its 
entirety along with the origin of the celiac axis, superior 
mesenteric, and inferior mesenteric arteries (Fig 5). Defi- 
nition of the injury can then be ascertained and a decision 
to primarily repair or replace a segment can be made. 

For those injuries that appear to be located below the 
renal arteries, management is similar to that used for pa- 
tients with a ruptured abdominal aneurysm.'' Proximal 
control of the aorta is obtained at the level of the dia- 
phragmatic hiatus. The infrarenal aorta is exposed by in- 
cising the root of the mesentery and entering into the ret- 
roperitoneal plane. 

Equally challenging to the surgeon is the expeditious 
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handling of associated injuries. These injuries often cause 
massive bleeding that obscures the operative field. Major 
vascular injuries involving the hepatic veins, portal vein, 
hepatic artery, renal and mesenteric vessels are the rule, 
particularly in suprarenal aortic injuries. These injuries 
also compound the blood loss and further aggravate the 
shock state. Control of these vessels depends on recogni- 
tion and rapid mobilization. 

Management of injuries to the aorta is usually accom- 
plished by primary repair of the laceration with cardio- 
vascular sutures. Posterior lacerations can often be man- 
aged by opening the aorta anteriorly and closing the 
posterior injury from the inside of the aorta. If the injury 
is such that a segment of the aorta is destroyed, insertion 
of a Dacron graft may be necessary. This should be 
avoided if there is associated bowel injury and autogenous 
tissue utilized if possible. 


This investigation was supported in part by National Institutes of 
Health grant GM-1870 and Bay Area Heart Association grant. 
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DISCUSSION 


Norman Ricu, MD, Washington, DC: I appreciated having the 
opportunity of reviewing this important report. The authors were 
able to show that patients can survive after these horrible 
wounds. They also emphasized the increasing incidence in our ur- 
ban care of trauma patients. 

We would agree with them from our experience. I say that some- 
what humbly because I believe that most of us in this room have 
had very little personal experience with the large number of in- 
juries Dr. Lim and his co-workers have had in San Francisco. 

We would emphasize the importance of resuscitation, which 
should be carried on even into the operating room. Also, the use 
of fresh whole blood is important in the management of these 
patients. 

I would like to add something that might reflect unfavorably on 
our society. In 1971 Dr. Larry Billy, now at St. Louis University, 
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and Dr. J@ Amato, now at Tufts, and I reviewed five years of ex- 
perience in Scatheast Asia. Among 138 aortic injuries, with 99 pa- 
tien:s killed oa a battlefield, we were only able to document 19 ab- 
domenal aerti- injuries, compared to Dr. Lim’s 32. Our mortality 
was zompzralile, wizh our helicopter evacuation, with a 47% mor- 
tality. 

Ir our experience at Walter Reed, four out of the last five ab- 
domenal aertie injuries have beer. associated with either therapeu- 
tic or diagnos‘ic prozedures. I mention this because I believe that 
in future sries we must also look at the etiological factors of the 
trauma, partieularly in considering mortality. 

Again, @ngratulations to the authors for their experience. If 
we onside: the number of patients who were in shock, the associ- 
atedīnjurEs, and bleeding from multiple sites, we can appreciate 
the eutstaudimg results that Dr. Lim has presented. 

KENNETE MAtTox. MD, Houston: Dr. Lim has provided an an- 
swer to the questiorm where are there new challenges in vascular 
surg=ry? I basically support his premises. 

Traumatic iajuries to the aorta still require technical and logis- 
tic imovatons. Prior to 1960, only four survivors of penetrating 
wourds to the abdominal aorta nad been reported in the litera- 
ture. 

W., too, rave been frustrated by the difficulty in exposing, con- 
trolling, ard repairing the suprarenal aorta. There is a 75% mor- 
tality in pacierts wita injuries of the aorta above the renal vessels. 

In che pest Dour years we have seen 26 patients with injuries to 
the suprar=na aorta and we have developed an alternate ap- 
proadh to thatadescribed by Dr. Lim. Because the fascial contain- 
mentof the renal artery is the same as that of the aorta, attempts 
to expose the -orta through the approach described and through 
ther-ute o: th- mesentery and the lesser sac can result in profuse 
Bleed ng. 

We now bre*er to reflect the stomach, colon, spleen, pancreas, 
and kidney to -he midline with division of the esophageal hiatus, 
if ne@ssary; thereby exposing the aorta in virtual virgin territory 
from approximately T-8 to its bizurcation. 

Wih this aporoact, only one patient in nine in whom this ma- 
neuver was used died, compared with 15 of 17 who died when 
othermexposure techniques were utilized. Likewise, the volume of 
bloed required with this technique is greatly reduced. 

We concur with Dr. Lim and his associates that prosthetic ma- 
terial may eccasionally be required, and we have used Dacron 
prostaeses n four patients with reimplantation of the superior 
mese- teric artery into the graft in one. Two patients with grafts 
in th location were long-term survivors without sequels. In two 
patierts there was ligation of the celiac axis, with arteriographic 
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demonstration of retrograde filling via the superior mesenteric ar- 
tery to the hepatic artery. 

And now, in patients receiving multiple blood transfusions, the 
routine use of fine-screen microfiltration has markedly reduced 
the incidence of posttransfusion respiratory insufficiency. 

We concur that thoracotomy done in the emergency center to 
temporarily occlude the descending thoracic aorta may be a neces- 
sary maneuver in the resuscitation of the moribund patient. 

In patients whose hypotension is in the range of 70 or 80 mm 
Hg and in whom major abdominal vascular injury is suspected, we 
have been more successful in approaching them as we would a 
ruptured abdominal aneurysm. That is, a patient with stable car- 
diac and cerebral function is taken to the operating room and the 
rapid infusion of multiple units of blood reserved until just as the 
skin incision is made, and, as this occurs, manual compression by 
the first assistant is placed at the esophageal hiatus, allowing time 
for the surgeon to assess the injury. 

If major vascular injury is suspected, either aortic or vena 
caval, it is frequently wise at this point to pause—not too long— 
and consider various factors, summoning help, interoperative au- 
totransfusion, adequate exposure techniques, and to avoid blind- 
ly plunging into an unknown area of aortic hematoma, either, 
through the lesser sac or the root of the mesentery. 

Dr. Lim and his associates are to be commended on their contri- 
bution to reducing the mortality from injuries of the abdominal 
aorta. 

Dr. Lim: I would like to thank Drs. Rich and Mattox for their 
comments. I would like to thank Dr. Rich especially for sharing his 
experience in Southeast Asia with us. His many writings on vas- 
cular injuries from trauma have given us the seed for thought to 


push back the frontiers in the management of these types of in- 


juries. 

Dr. Mattox, thank you for sharing your experience from Hous- 
ton with us and the alternate exposure of the abdominal aọrta 
with the reflection of the kidney. This may be very helpful in those 
cases where there is a large hematoma anteriorly. Approaching 
the aorta posteriorly through virgin tissue would allow control of 
bleeding prior to reflection of the anterior part of the aorta for 
repair. 

We agree with him 100% that initial proximal control of the tho- 
racic aorta at or above the diaphragmatic area is mandatory. This 
maneuver will also aid in resuscitating the patient in hemorrhagic 
shock. While the blood volume is being restored, the circulation is 
completely diverted to the upper half of the body. Thus, perfusion 
of the heart and brain is augmented. After the blood volume is re- 
stored, then distal circulation is slowly reestablished. 
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Mycotic Aneurysms 


Charles B. Anderson, MD; Harvey R. Butcher, Jr., MD; Walter F. Ballinger, MD 


The characteristics of mycotic aneurysms have changed since Os- 
ler first used the term in 1885. Sixteen mycotic aneurysms encoun- 
tered between 1970 and 1973 were critically reviewed with regard to 
location, etiologic factors, microbial organisms, and methods of 
treatment. Peripheral aneurysms were seven times more frequent 
than aortic mycotic aneurysms. Pseudoaneurysms from trauma or 
vascular operations with concomitant infection were the most fre- 
quent types of mycotic aneurysms. Staphylococcus and Entero- 
bacter were the most common organisms cultured. The anaerobes, 
Bacteroides and Peptostreptococcus, as well as Candida were 
also isolated. Ligation of the artery was distinctly superior to suture 

_or graft repair in controlling infection and preventing rebleeding. Ap- 
preciation of the changing patterns of mycotic aneurysms will facil- 
itate prompt diagnosis and proper treatment. 


he term “mycotic” aneurysm was introduced by 
Osler in 1885 to define those aneurysms that resulted 
from septic emboli originating from bacterial endocar- 
ditis.’ In this situation, the infection reaches the vessel by 
direct embolic occlusion of the lumen or via the vasa vaso- 
rum blood supply to the arterial wall. However, infected 
aneurysms can develop by other methods, and today “my- 
cotic aneurysm” is commonly used in a broader sense than 
originally intended. A pseudoaneurysm can result from 
injury to the arterial wall with concomitant or subsequent 
infection of the hematoma. Localized sepsis can also 
spread to involve adjacent vascular structures with necro- 
sis of the arterial wall, followed by limited bleeding and 
hematoma formation. Liquefaction of the central portion 
of the hematoma forms a pseudoaneurysm that is thus 
secondary to the infection per se. Since the problems of 
management are similar for all types of infected aneu- 
rysms, the term “mycotic aneurysm” has come to include 
all those infected aneurysms, both true and false, that re- 
RS etn Cotes so a re 
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sult from a variety of causes, including embolization, 
trauma, or localized sepsis. 

Prior to antibiotic therapy, metastatic arterial ab- 
scesses usually represented terminal events with little 
chance of clearing the septicemia, much less correcting the 
aneurysmal defect. Today, with antibiotics and improved 
vascular reconstructive procedures, these lesions have 
been treated successfully. This article reviews our recent 
experience with mycotic aneurysms in order to better de- 
fine the current status of this entity with particular re- 
gard to etiological factors, microbial organisms, and meth- 
ods of treatment. 


CLINICAL MATERIAL 


Sixteen mycotic aneurysms were encountered over a four-year 
period from 1970 through 1973 (Tables 1 and 2). The diagnosis of 
mycotic aneurysm was accepted when a true or false aneurysm 
was associated with a positive culture from the aneurysm wall or 
contents or when there was evidence of cellulitis and organisms on 
histologic examination of the specimen. Fifteen aneurysms had 
positive cultures. In the single aneurysm with a negative culture, 
there was evidence of an inflammatory reaction in the arterial 
wall with organisms identified on Gram stain. Intracerebral and 
multiple visceral mycotic aneurysms were not included in this 
study. Twelve of the patients were males and four were females. 
They ranged in age from 3 to 65 with an average age of 40. Au- 
topsies were performed on all patients who died. 


Diagnosis 


All patients except one were admitted with pain and fever, and 
nine had palpable masses that were in all cases diagnosed preop- 
eratively as mycotic aneurysms. A palpable mass could be felt in 
only one of seven aneurysms involving the aorta, subclavian, and 
iliac arteries; whereas, eight of nine more peripheral aneurysms 
could be identified on physical examination. Mycotie aneurysm 
was correctly diagnosed preoperatively in 12 patients, at oper- 
ation in three, and at autopsy in one. All ten aneurysms involving 
the subclavian, femoral, or more peripheral vessels were properly 
identified, whereas only two of six patients with mycotic aneu- 
rysms of the aorta or iliac arteries had the diagnosis made preop- 
eratively. Arteriograms were performed in eight patients and 
clearly defined the aneurysm in seven. The arteriogram in the re- 
maining patient demonstrated obstruction of the common femoral 
artery associated with a gas-forming abscess of the thigh that was 
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jue © an anaerobic Peptostreptococcus infection of the common 
*emoral artery(Fig 1). In five patients the initial presentation in- 
solved free rusture of the mycotic aneurysm and three of these 
jatieats died, two before repair could be attempted. Eight pa- 
ient: had bloc cultures obtained prior to operation and four of 
shesecultures vere positive, all for organisms later cultured from 
-he-ameurysm. 


Location 


Th- majority of mycotic aneurysms involved the peripheral ves- 
sels, vith only -wo cases arising from the aorta. Seven of the my- 
sotie aneurysnss originated from the femoral artery, four from 
he ilac artery and cne each from the subclavian artery, brachial 
arter~, and a mdial artery-cephalic vein fistula in the wrist that 
was wed for cronic hemodialysis. The 7:1 ratio of peripheral to 
aortie mycotic -neurysms differs from the recent predominance of 
sortie involvement reported in the literature. The aneurysm in- 
-olviæg the dep femoral artery was associated with a fistulous 
-ommainicatiom with the superficial femoral vein and appeared 
with seriphera embclization to the popliteal artery and vascular 
msufkeiency tothe feot. One of tae iliac artery aneurysms origi- 
aatec in the incernal iliac artery with contiguous involvement of 
the cammon ard external iliac arteries. The abdominal aortic an- 
-urysm resulted from drainage and ligation of a chronically 
thrombosed aorta that was infected, probably as a result of a 
wransent bacteremia. This mycotic aneurysm was located at the 
vel -f the reral arteries where the aorta was ligated during the 
mitia drainage procedure. — 


Cause 


Fourteen mycotic aneurysms were infected pseudoaneurysms 
and tvo were -rue aneurysms that most likely developed from 
wans=nt episoees of bacteremia, the origins of which could not be 
«stab_shed. Th- pseudoaneurysms resulted from arterial wall in- 
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Tab e 1.—Preoperative Findings in 16 Patients With Mycotic Aneurysms 


No./ 
‘Age, yr/ 

“Sex Location Cause Fever 
/32/M omman femoral Addict Yes 
=/49/M omman femoral Addict Yes 
&60/M omman femoral Vein graft Yes 
Æ 57/M omman femoral Addict Yes 
5=26/F omman femoral Saphenous fistula Yes 

for dialysis 
€©45/M  Sommon femoral Hernia Yes 
7™28/M Deep femoral Gunshot wound Yes 
&22/M omman iliac Gunshot wound Yes 
‘S/43/M omman iliac Unknown Yes 
(? gastrointestinal tract) 
10”%44/F  Zommon iliac Infected kidney Yes 
transplant 
11%57/M ommon iliac Unknown Yes 
12’65/M Abdominal aorta Drainage of infected Yes 
thrombosed aorta 
t 3/F Thorac c aorta Empyema Yes 
14"°18/M 3ubclavian Gunshot wound Yes 
1S"36/M 3rachial Addict Yes 
16"56/F Radial artery Cannulation for No 


Palpable Preoperative 
Pain Rupture Mass Arteriogram Diagnosis 
Yes No Yes Occlusion Yes 
Yes No Yes Yes 
Yes No Yes mt Yes 
Yes No Yes Aneurysm Yes 
Yes No . Yes Aneurysm Yes 
Yes No Yes ASE Yes 
Yes No No Aneurysm Yes 
arteriovenous 
fistula 
Yes Yes No No 
Yes Yes No No 
Yes Yes No No 
Yes No No Aneurysm Yes 
Yes No Yes Aneurysm Yes 
Yes Yes No No 
Yes Yes No te Yes 
Yes No Yes Aneurysm Yes 
Yes No Yes Aneurysm Yes 


jury and periarterial hematoma formation associated with con- 
comitant or subsequent bacterial contamination. Four patients 
were narcotic addicts who injected drugs intravenously. Three pa- 
tients used their femoral veins because veins in the upper extrem- 
ity were obliterated from previous drug injections. Injury with 
contaminated needles to the common femoral artery in these pa- 
tients and the brachial artery in another resulted in four mycotic 
aneurysms. Four patients had previous vascular operations that 
included a saphenous vein bypass graft between the femoral and 
popliteal arteries, a saphenous vein femoral artery fistula con- 
structed to facilitate chronic hemodialysis, drainage of an in- 
fected thrombosed abdominal aorta, and a renal transplantation 
operation with a contaminated cadaver kidney that lead to infec- 
tion of the internal iliac artery. Three patients had gunshot 
wounds including two low-velocity bullet wounds and one shotgun 
injury. Repeated needle cannulations for hemodialysis in the same 
location of an arteriovenous wrist fistula eventually resulted in 
formation of a pseudoaneurysm and infection. Injury to the fem- 
oral artery during an inguinal hernia repair and an empyema that 
involved the mediastinum and eroded the thoracic aorta accounted 
for the two remaining pseudoaneurysms. There were no instances 
of bacterial endocarditis diagnosed either by clinical findings or 
on autopsy examination in any of the 16 patients. 


Bacteriology 


Thirteen different organisms were recovered from 15 mycotic 
aneurysms with positive cultures. Only one aneurysm failed to 
grow organisms on aerobic, anaerobic, and fungal cultures, and in 
this case there was adequate evidence on histologic examination 
of an inflammatory process with bacterial involvement of the ar- 
terial wall. Twelve cultures produced a single organism each and 
three were mixed infections with several bacteria present. Staph- 
ylococcus was the most frequently cultured organism, with Bacte- 
roides, Peptostreptococcus, Candida, and Citrobacter freundii 
noted to be unusual forms of microbes recovered from mycotic an- 
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(vein patch) 


Enterobacter 
Staphylococcus 
Enterococcus 
5 Candida Positive Suture 
6 Staphylococcus Positive Suture 
7 Staphylococcus hs Ligation 
8 Enterobacter Positive Autopsy 
9 Clostridium Positive Dacron graft 
perfringens 
Bacteroides 
Enterobacter 
Streptococcus 
10 Escherichia coli Positive Suture 


13 Staphylococcus Spontaneous 


Positive 
Positive 


15 Enterobacter 
Staphylococcus 


Ligation 
Suture 





eurysms. Salmonella was not recovered from any patient. Gram 
stains of the mycotic aneurysms were positive in 11 cases, nega- 
tive in two, and not done in three. 


Treatment and Results 


Two patients died before treatment of the mycotic an- 
eurysm could be performed. One aneurysm was discovered 
at autopsy one month following a gunshot wound to the 

common iliac artery when it spontaneously ruptured with 

exsanguination of the patient. Another patient underwent 
thoracotory for drainage of a loculated empyema at which 
time the abscess was noted to have invaded the mediasti- 
num and involved the thoracic aorta. The pseudoaneurysm 
spontaneously ruptured during the procedure and the pa- 
tient died before control could be obtained. 

Five patients with peripheral mycotic aneurysms had li- 
gation of the artery associated with resection of the aneu- 
rysm and wide drainage of the area. This cured the infec- 
tion in all cases and resulted in one amputation. In nine 
patients, after resection of the mycotic aneurysm, vascu- 
lar continuity was reconstructed by a variety of methods. 
Primary suturing, vein patches, tubular vein grafts, and 
Dacron grafts were used to repair the arterial defect. 
Only two of these nine patients had successful repair of 
the artery with permanent control of the infection. Other- 
wise, bleeding or sepsis or both recurred in seven patients, 
all within one week of the initial treatment. Two of these 
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Table 2.—Summary of Operations in 16 Patients Wtih Mycotic Aneurysms 


Patient Gram 
No. Aneurysm Culture Stain Primary Operation 
1 Peptostreptococcus Positive Ligation 
(profundus femorus) 
2 Negative Positive Vein graft 
3 Proteus Suture 


femorus) 
4 Proteus Positive Ligation Infection controlled a> 


Klebsiella 
11 Citrobacter Negative Dacron graft Infection controlled fe 
freundii 
12 Bacteroides Positive Suture Bleeding, sepsis, and death ey 
a aa e aea a a T E a U 


“AY rupture a 
14 Pseudomonas Negative Ligation Infection controlled ae 
ai re = 















Secondary 
Result Operation Result 
Infection controlled, 
amputation 
Bleeding and sepsis Ligation Infection controlled, 
(profundus amputation 
femorus) 
Bleeding and sepsis Ligation Infection controlled, 
(profundus amputation 












Bleeding and sepsis Ligation Infection controlled 
(profundus 
femorus) 
Bleeding and sepsis Ligation Infection controlled 
Infection controlled 
Sepsis and death 
Bleeding and sepsis Ligation Infection controlled 



















Died in operating room 












Infection controlled 
Infection controlled 












patients died before further treatment could be insti- 
tuted. In five patients, ligation of the artery was possible 
and controlled the bleeding and sepsis in all five. Two of 
these five patients required leg amputations. Arterial li- 
gation, resection of the mycotic aneurysm, and proper 
drainage, whether performed as a primary (five patients) 
or secondary (five patients) procedure, effeetively con- 
trolled the infection in all ten patients in whom this was 
performed. Silk ligatures were used in these ten patients, 
but did not lead to persistence of the infection despite the 
potential for residual infection in the interstices of the 
silk fibers. 

Four patients had ligation of the deep femoral artery in 
conjunction with the common femoral artery. This re- 
sulted in the amputation of three legs, but two of these 
were irretrievable even before ligation, which was done to 
prevent hemorrhage. A patient with involvement of the 
iliac artery from an infected renal transplant had ligation 
of the common, external, and internal iliac arteries as well 
as the inferior epigastric artery, yet was left with a viable 
and functional lower extremity (Fig 2). 

Twelve patients survived and four died. All four deaths 
resulted from aneurysms of the aorta or common iliac ar- 
teries. No deaths were associated with mycotic aneurysms 
in the extremities. Sepsis and hemorrhage accounted for 
two deaths each. Two patients died without treatment of 
their mycotic aneurysms. 
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Fig 1.—Arteiogram in heroin addict with mycotic aneurysm of 
common femczal artery tha caused thrombosis of vessel. Abundant 
gas productio} in sořt tissues of thigh resulted from anaerobic pep- 
tostreptocecceal infection. 


COMMENT 


Mycotic aaeurysms are uncommon arterial lesions asso- 
ciated with high mortality and morbidity from hemor- 
rhage and cverwnelming sepsis. Although there is some 
confusion about tie praper dassification of mycotic aneu- 
rysms,** the pathogenesis of these aneurysms is most 
commonly Gescribed in three forms.*” The first mecha- 
nism, which has been reported to account for 80% of my- 
cotic aneurysms, involves septic embolization within the 
arterial lumen frem basterial endocarditis. There follows 
a gradual weakening with enlargement of the artery and 
aneurysm farmation. Aside from embolic phenomena, sep- 
tieemia may result in odgment of bacteria in the vasa 
vasorum er on atherosclerotic lesions of the intima with 
subsequent -ormation o? a true aneurysm. A second mech- 
anism involves imfectien of an already formed, usually 
atherosclerocic, aneurysm with ultimate destruction of a 
portion of the arterial wall, which results in hemorrhage, 
perhaps temporarily cenfined by hematoma formation. 
This usuallyoccurs during a course of septicemia from ei- 
ther a known or unknewn source. A third mechanism is 
frem contiguous spread either directly or via lymphatics, 
frem a lecacized abscess or area of cellulitis, which de- 
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Fig 2.—Arteriogram in renal transplant patient who developed 
mycotic aneurysm at origin of internal iliac artery after removal of 
infected kidney transplant and was treated by ligation of common 
and external iliac arteries. Internal iliac and inferior epigastric ar- 
teries were ligated at initial transplantation procedure, yet extensive 
collaterals permitted viable lower extremity. 


stroys the arterial wall causing massive bleeding or the 
formation of a pseudoaneurysm. Recently, a fourth mech- 
anism has emerged from clinical experience and involves 
injury to an artery associated with concomitant contami- 
nation and the subsequent formation of an infected 
pseudoaneurysm as described by Fromm and Lucas’ and 
Huebl and Read.’ This most frequently occurs from exter- 
nal trauma or during vascular operations. This entity rep- 
resents a poorly contained infectious process with more 
diffuse inflammation of the surrounding soft tissues as 
compared with the discrete true mycotic aneurysm in 
which the infection is confined to the arterial wall. Re- 
gardless of the mechanism of mycotic aneurysm forma- 
tion, the principles of treatment apply to all these formi- 
dable and challenging lesions. 

Contrary to previous reports* in which bacterial endo- 
carditis was the main etiologic factor in formation of my- 
cotic aneurysms, there were no patients with endocarditis 
in our experience. Rather, 81% of mycotic aneurysms in 
this study were due to arterial trauma and contamination 
resulting in an infected pseudoaneurysm. The increasing 
incidence of drug abuse and intravenous injeetion of nar- 
cotics with contaminated syringes and needles has caused 
injury and infection of the common femoral and brachial 


Mycotic Aneurysms/Anderson et al 715 





Air 
i 


~ _ pass technique. 


` 
Re 


Dex. 
ST ; 


- 


zs 
ae 





~. ‘arteries with subsequent mycotic aneurysm formation. 
Fromm and Lucas’ have successfully treated femoral my- 


-cotic aneurysms in narcotic addicts by an obturator by- 
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ditis, whereas by 1969, Mundth and associates,’ in a 15- 
year review of cases from the Massachusetts General Hos- 


pital, noted that the proportion of aortic to peripheral my- 
-cotic aneurysms was greater than 3:1, with only two of 17 


cases associated with bacterial endocarditis. Our experi- 
ence demonstrates a return to the predominance of pe- 


_ ripheral (88%) over aortic (12%) mycotic aneurysms, pri- 


marily because of arterial trauma and vascular operations 
involving peripheral arteries. 
The bacteriology of peripheral mycotic aneurysms has 


| typically involved the organism associated with bacterial 
endocarditis such as pneumococcus, Streptococcus, and en- 


terococcus,*'’'' whereas aortic mycotic aneurysms have 
‘grown Salmonella organisms in one third or more of cul- 


docarditis, the predominance of peripheral lesions, and the 
‘improvements in culturing specimens both aerobically and 


_ anaerobically have all contributed to a change in the types 


of organisms recovered. Staphylococcus and Enterobacter 
were the predominant bacteria recovered with neither 
Salmonella nor pneumococcus identified in any of the cases. 
The recovery of Bacteroides and Peptostreptococcus rein- 


forces the need for appropriate anaerobic cultures and 
raises the possibility of anaerobic organisms being re- 
sponsible for those mycotic aneurysms with bacteria iden- 


tified on histologic examination but without growth on 


-culture. Many of the bacteria encountered were normal 
flora of the gastrointestinal tract and therefore implicate 


this site. as a possible source of surface contamination or 
seeding from episodes of bacteremia. The recovery of 
fungi from mycotic aneurysms is exceedingly rare, and the 
presence of Candida in one of our patients represented 
contamination of an operative groin wound from vaginal 


candidiasis in an obese woman on chronic hemodialysis. 


Successful treatment with preservation of a functional leg 
in this patient included ligation of the common femoral 


me. artery and its branches in conjunction with the intra- 


venous administration of amphotericin B. 
_ The clinical presentation of mycotic aneurysms in this 


_ series is similar to that reported in the literature. Pain, 
_ tenderness, and fever in association with a pulsatile mass 


should immediately raise the possibility of a mycotic aneu- 
rysm and suggest the need for an arteriogram. Aneu- 
rysms located in the extremities were palpated in 89% of 
patients, while only 14% of more centrally located aneu- 
rysms were felt on physical examination. A high index of 
suspicion in conjunction with proper arteriograms will 
make the correct preoperative diagnosis of mycotic aneu- 
rysms in most patients (75% in this series). Needle aspira- 
tion of an undiagnosed mass before incision and drainage 


` will usually avert a massive hemorrhage when the diag- 


nosis of infected peripheral mycotic aneurysm is in doubt. 


Arch Surg/Vol 109, Nov 1974 





The successful treatment of mycotic aneurysms encom- 
passes several principles. A correct diagnosis is essential 
to plan the proper therapeutic approach. A high index of 
suspicion, thorough examination of the patient, and selec- 
tive arteriograms will usually locate and define the lesion 
correctly. Appropriate antibiotic coverage started before 
surgery and usually continued for six weeks postopera- 
tively is important.’ The choice of antibiotics should be 
based on sensitivity studies when available. Excision of all 
infected tissue and foreign bodies with adequate drainage 
is essential to control the infection. Arteries should be li- 
gated or oversewed or bypass procedures performed only 
where the vessel is healthy and uninfected. Otherwise, in- 
fection will persist with eventual necrosis of the artery 
and rebleeding. Finally, reconstruction of vascular conti- 
nuity can be performed where the circumstances permit, 
although simple ligation of vessels is preferred because in 
our experience this has controlled the infection and 
averted rebleeding in all cases. Vein graft, vein patches, 
suture repair, and Dacron graft replacement are usually 
associated with rebleeding and persistent infection and 
require secondary procedures to control these complica- 
tions. Bypass procedures through uninfected tissue planes 
have been successfully employed either before or during 
the time of mycotic aneurysm resection® but are not indi- 
cated in most ligations of the common femoral artery 
when the deep femoral artery can be preserved. The risks 
of the bypass procedure in attempting to prevent amputa- 
tion of an extremity must be weighed carefully against 
the risk of potential exsanguination should the bypass be- 
come infected at the anastomoses. In practical terms it is 
nearly impossible to drape out the infected site so com- 
pletely that contamination of the bypass procedure is as- 
sured. Moreover, bacteremia persists for some time and 
antibiotics must be relied on to prevent seeding of the by- 
pass via the blood stream. Certainly, when bypass proce- 
dures are performed, autogenous vein grafts are pre- 
ferred over Dacron or bovine grafts. 

We have been impressed with the ability to perform ex- 
tensive arterial ligations with preservation of adequate 
blood supply to the extremity. Although each situation re- 
quires individualization and although conformity of treat- 
ment in all circumstances is neither helpful nor desirable, 
a general plan of approach is useful. Simple ligation and 
drainage is the procedure of choice with later revascular- 
ization when the infection has subsided and if vascular in- 
sufficiency exists. In the presence of a true aneurysm 
without substantial purulence, a vein graft is inserted in 
preference to a Dacron graft. When grossly purulent ma- 
terial exists, a bypass procedure is undertaken only when 
substantial mortality is anticipated if ligation should be 
performed such as with aortic infections. We have hesi- 
tated to use femoral-femoral jump grafts in the treat- 
ment of mycotic aneurysms because of the risk of infec- 
tion in the opposite leg. ; 


Nonproprietary Name and Trademark of Drug 


Amphotericin B—Fungizone. 
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DISCUSSION 


JOHN M. Meran, MD, Maywood, Ill: I enjoyed Dr. Anderson’s 
paper very nuch and I thir he has accurately painted the current 
picture of the epidemiology of mycotic aneurysms. Another type 
of arterial mjury thet may cause mycotic aneurysm is that associ- 
ated with car-iac catheter-zation. 

We recertly had a case where a right brachial artery mycotic 
aneurysm maaifested itseE by recurrent incisional bleeding, fe- 
ver, and peedhiae cf the “orearm and hand. The organism was 
Stephyloco=u. aureus, and simple excision, as he outlined, was 
performed vitn a good outeme. However, I wish to confine my re- 
marks mairly zo those of th= abdominal aortic mycotic aneurysm. 

A patien. underwent rerograde femoral Seldinger catheter- 
ization at another irstitution, ard left iliac artery occlusion was 
demonstrated. He sibsequently developed severe back and ab- 
dominal pam ənd fever, wth a tender aortic aneurysm. Pseudo- 
monas grew fom the bload eul-ures and was sensitive to gen- 
tamicin anc czrbenieillin, whieh were given for 48 hours prior to 
surgery. 

The aort was transectec just below the renal arteries, and re- 
vascularization was 2stablished by bilateral axillofemoral graft- 
ing. He did well at home bat suddenly went into renal shutdown 
two months laser, associated with fever and back pains, followed 
by gradual letriorazion and death. Autopsy, unfortunately, was 
denied. 


A case wEh similar findiags was reported some six years ago. 
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Caused by Salmonella, it arose spontaneously from the abdominal 
aorta in a diabetic. Revascularization was performed isotopically, 
which I realize is countercurrent to most of our beliefs. At last fol- 
low-up, he was four years postoperative. 


I would just like to point out that neither antibiotics nor surgery — 3 4 


alone is sufficient treatment for this condition. Revascularization 
in a separate field is probably desirable but obviously, from my 


own experience, I hesitate to endorse this view. The surgically in- 3 
terrupted aorta just below the renal arteries may be the greater 


of the two evils, particularly if the organism is virulent and anti- 
biotic therapy is inadequate. 

I would like to ask Dr. Anderson and perhaps Dr. Foster their 
overall impressions of the fate of the aorta that ends just below 
the renal arteries, whether it be infected or not? 

Dr. ANDERSON: I certainly appreciate and thank Dr. Moran for 
his remarks. Revascularization is definitely indicated under cer- 
tain conditions such as an infected patent abdominal aorta. The 
fate of the infected aorta below the renal vessels has been and 
continues to be precarious with, I believe, no new developments to 
circumvent the usual disastrous outcome. We have performed li- 
gation and excision of an infected but chronically thrombosed 
aorta below the level of the renal arteries without bypass. In this 
case, infection recurred in the proximal ligated stump and the pa- 
tient eventually died. 
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Letters to the Editor 


The editor will be pleased to receive cor- 
respondence of 250 words or less that per- 
tains to material published in the AR- 
CHIVES or to other matters of interest to its 
readers. Letters should be typewritten 
double-spaced and should be clearly 
marked “For Publication.” No more than 
two references are permitted and illustra- 
tions are acceptable only when essential to 
the message. 


The Value of Silver Nitrate 
in Controlling Necrotizing Fasciitis 


To the Editor.—Rhea and Wyrick 
report 30% mortality in 44 cases of 
necrotizing fasciitis.‘ Quintiliani and 
Engh report seven similar cases, with 
four deaths.* 

Two additional cases are presented 
with control through silver nitrate 
soaks. 

Case 1.—-In 1966, a 27-year-old 
woman was admitted with presump- 
tive diagnosis of gas gangrene of the 
left buttock. Smear showed no Clos- 
tridium. Incision and drainage of a 
horseshoe abscess was performed, and 
massive antibiotic therapy begun, 
with alterations instituted when fail- 
ure was apparent. Debridement was 
performed in the isolation unit with- 
out anesthesia. A regimen of acti- 
vated zine peroxide was begun on the 
20th day with good response; how- 
ever, by the 26th day all available 
supplies were exhausted. Continuous 
soaks of 0.5% silver nitrate were be- 
gun. Administration of all antibiotics 
was stopped and, although the poste- 
rior musculature of the left buttock to 
ankle formed the bed of a Meleney ul- 
cer, she was transferred well and 
comfortable for plastic surgery with a 
reasonably clean granulating wound 
in ten days. 

Case 2.-In 1972, a 10-year-old 
woman was readmitted nine days af- 
ter elective transversostomy closure. 
Laparotomy showed a perforated co- 
lon and peritonitis. Bacillus proteus, 
Escherichia coli, and alpha-Strepto- 
coccus grew from cultures. This 
wound broke down in four days, and 
. advancing necrosis was apparent. 
Open soaking with 0.5% silver nitrate 
for half an hour three times a day led 
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to prompt control. The cecal fistula 
closed and the transversostomy was 
closed electively. 
JOHN H. Hirscu, MD 
Fort Lauderdale, Fla 


1. Rhea WJ, Wyrick WJ Jr: Necrotizing 
fasciitis. Ann Surg 172:957-964, 1970. 

2. Quintiliani R, Engh GA: Over- 
whelming sepsis associated with group A 
beta hemolytic streptococci. J Bone Joint 
Surg 53-A:1391-1399, 1971. 


Evaluation of Immune Status 
in Tumor Patients 


To the Editor.—Vetto and co-work- 
ers (Arch Surg 108:558, 1974) have 
emphasized the importance of eval- 
uating the immune status of tumor 
patients. We have observed that, 
while there are accepted systems for 
clinically staging and pathologically 
grading tumors, no accepted classi- 
fication exists to immunologically 
stage a patient who has cancer. We 
are presently emphasizing the need 
for such an “immunostaging” sys- 
tem,'’ and offer it for your consid- 
eration. 

After an immunologic evaluation, 
including humoral and cellular as- 
pects of immunologic responsiveness, 
has been completed, the patient’s im- 
munologic status may be assessed 
and staged immunologically. A pos- 
sible immunostaging system might 
consist of four immunostages, rang- 
ing from a strong immune response 
(stage 1) to anergic unresponsiveness 
(stage 4): immunostage 1: patients 
with a high lymphocyte blastogenic 
index and high levels of IgM associ- 
ated with tumor cytotoxic antibody; 
immunostage 2: patients with a high 
lymphocyte blastogenic index with 
high IgG levels; immunostage 3: pa- 
tients with poor blastogenic response 
and high levels of IgG associated with 
“blocking antibody”; and immuno- 
stage 4: patients with no lympho- 
cyte blastogenesis and blocking anti- 
body. 

To date, we have found immuno- 
logic assessment and immunostaging 
to reflect the clinical progress of our 
patients. It is our opinion that only 
through careful and critical scrutiny 
of clinical and immunologic indexes 
of host resistance that immuno- 
therapy may be successful as one 
form of treatment in malignant neo- 
plasm. Hopefully, this approach may 
ultimately serve as a guideline for de- 


termining whether a given patient 
should receive conservative or aggres- 
sive therapy. 
PATRICK D. GUINAN, MD 
RICHARD J. ABLIN, PHD 
IRVING M. Buss, MD 
Chicago 


1. Ablin RJ, Guinan P, Gelperin A, et al: 
Evaluation of immunologic responsiveness 
as a guideline to BCG immunotherapy, in 
Crispen RG (ed): Neoplasm Immunity: 
BCG Vaccination, A C per Symposium 
1973, Chicago, University of Illinois at the 
Medical Center, 1974, pp 61-67. 

2. Ablin RJ, Guinan b, Bush IM: Urolo- 
gic tumor immunology: Present and fu- 
ture, in Bush IM (ed): Current Problems in 
Urology. Baltimore, Williams & Wilkins 
Co, to A published. 


Reply 


To the Editor.—An accurate immu- 
nologic staging procedure would be of 
great usefulness in determining prog- 
nosis and therapy for the cancer pa- 
tient, and perhaps such staging will 
be possible at some future time. We 
would question the usefulness of the 
scheme proposed by Guinan et al for 
several reasons. The role of blocking 
or enhancement type antibodies in 
impeding immune responsiveness has 
not been defined. There is no solid 
evidence that establishes the role of 
IgG or IgM in tumor control. A gen- 
eral state of anergy or diminished 
dermal responsiveness to ubiquitous 
antigens is associated with dimin- 
ished responsiveness of lymphocytes 
in culture to nonspecific mitogens, 
and this in our experience correlates 
with an unfavorable clinical course 
in the patient. It may be premature, 
however, to embark on a scheme for 
the clinical immune staging of cancer 
patients when the precise role of spe- 
cific blocking factors, IgG and IgM, 
nonspecific blocking factors, and their 
interrelationships have not been well 
defined. In addition, other immune 
components (IgA, D, E; macrophage 
activity; stem cell conversion, and so 
on) and many unknown or ill-defined 
moieties may be found to contribute 
significantly to total immune defense. 
We feel that it is a step in the right 
direction to devise schemes for such 
staging, as has been proposed, but we 
must be aware of their shortcomings 
lest such schemes lead us astray in 
the care of the cancer patient. 


R. MARK VETTO, MD 
DENIS R. BURGER, PHD 
Portland, Ore 
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Books 


Robert M. Goldwyn, MD 
Book Review Editor 
1101 Beaeor St 
Brookline, Mass 02146 


Surgicai Fathoiogy, e« 5, by Lauren V. 
Ackerman and Juan Eosai, 1.394 pp, $45.50, CV 
Mosby Co, 97- 


An uncerstanding of the discipline 
of surgical dathology is fundamental 
to the resolution ef the diagnostic and 
therapeutic challenges in surgery. 
The necessty “or an accurate ap- 
praisal of Cinical-pathological corre- 
lations fer a problem patient is the 
ideal; its acaievement requires a vast 
experience, critcal judgement, and 
scholarsh p on the part of those in- 
volved. Sarvical Pathobgy, now in its 
fifth editeon, by Drs. ackerman and 
Rosai, has giver us a standard mea- 
sure of this accamplishment. 

It is GifBeult to conceive of one 
textbook that better fulfills the need 
for a ready reference of current in- 
formation în this fielc of endeavor. 
An analysisis presented with the bal- 
anced view .oward practical, theoreti- 
eal, and pathophysiological consid- 
erations. It indudes “or discussion 
every sigaificant neoplastic and non- 
neoplastie Gisease encountered in the 
clinical surgical setting Especially in- 
valuable are the ebservations, tabula- 
tions, and irsights made in their labo- 
ratery over the years in regards to 
major areacof cencern and cogent in- 
terest to them, and this is eompared 
to other aecourts of similar docu- 
mented experience. Taey point out 
the sources ef eror of mterpretation, 
adjuncts -o aid -n obtaining greater 
confidenee m arz.ving at the correct 
opinion, and the importance of the 
recegnition of pregnostic factors that 
they have gained from their personal 
knowledg2 .bou= the ratural history 
of the entity discussed. 

The logic.] style of zhis book pro- 
vides forexeellert readng. The mate- 
rial is well integrated, t is presented 
in a very direct marner, and yet 
nuances zre permitted Rapid entry 
to the apprapriaze subject heading is 
facilitated for th2 reader. This is aug- 
mented br tae excellent quality of the 
illustrations eszeciallr the photo- 
micrographs, anc the carefully se- 
lected bibticzrapty. 

This book cam be Lighly recom- 
mended as = reference source to any- 
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one with an abiding interest in sur- 
gery and related endeavors. It 
provides one cornerstone of knowl- 
edge about surgical disease as it is ex- 
pressed in morphological terms. Al- 
though the cost of this publication is 
seemingly great, the content provides 
its justification. It deserves a rightful 
place in the surgical library. Now in 
its 20th year of publication, this book 
has grown with surgical pathology, 
and it continues to be a significant 
contributor to the accumulated expe- 
rience in this enlarging and challeng- 
ing area of interest. 

EARL J. KASDON, MD 

Boston 


Surgery of the Gastrointestinal 
Tract, by John S. Najarian, and John P. Dela- 
ney, 320 pp, $17.50, Intercontinental Medical 
Book Corp, 1973. 


A noteworthy collection of essays 
entitled Surgery of the Gastrointesti- 
nal Tract has recently been released 
by Intercontinental Medical Book 
Corporation. It is edited by Drs. Na- 
jarian and Delaney who first orga- 
nized a postgraduate course by the 
same name at the University of Min- 
nesota, and now have published the 
proceedings in a tightly written vol- 
ume full of valuable state of the art 
information covering a wide variety 
of clinical problems. 

The work is organized in seven sec- 
tions dealing with a spectrum of dis- 
ease states ranging from esophagitis 
to carcinoma of the rectum. Each di- 
vision concludes with a “general dis- 
cussion” characterized by critical and 
informative interchange between es- 
sayists and moderator that is often— 
and surprisingly—sparked by wit, 
irony, and humor. 

The contributors have been drawn 
from a variety of disciplines and 
backgrounds, both foreign and do- 
mestic. The clinical expertise of Go- 
ligher of Leeds, Nakayama of Tokyo, 
and San Francisco’s Dunphy has been 
effectively meshed with basic science 
and living history. Papers by Daven- 
port and Wagensteen have been 
nicely synthesized with presentations 
by a host of knowledgeable clinicians 
from Dr. Najarian’s own faculty and 
from other universities across the 
land. Pathology, medical gastroenter- 
ology, and endoscopy are well repre- 
sented and add significantly to the 
balance of the book. 

Many of the papers conclude with a 
short, selective bibliography that 


readers will find useful in enlarging 
their own data base. But even with- 
out this assistance, the reader will 
find himself well informed and re- 
warded for time spent with this valu- 
able volume. Lest there be any doubt, 
this is a fine symposium that is a 
credit to the authors and the editors. 
Surgeons certainly, but also nonsurgi- 
cal clinicians, should taste, enjoy, and 
digest this offering. 

CHESTER B. Rosorr, MD 

Boston 


The Urologic Clinics of North Amer- 
ica, edited by Jack Lapides, 177 pp, $30, WB 
Saunders Co, 1974. 


Recognizing the growth of urology 
as a specialty, WB Saunders has 
launched a new publication, the 
Urologic Clinics of North America. 
The first issue is a symposium en- 
titled ‘“Neurogenic Bladder,” with 
Jack Lapides, MD, as guest editor. 
The goal of the Clinics, as Dr. Lapides 
states in the forward, is “to present 
up-to-date material ef practical 
value,” and this issue appears to have 
accomplished this aim. A chapter on 
neuroanatomy and neurophysiology 
of the detrusor and urethra is in- 
cluded, which provides the necessary 
scientific background for the follow- 
ing articles on classification, clinical 
evaluation, and therapy. Included in 
the symposium are several articles on 
intermittent catheterization by noted 
authorities in the treatment of spinal 
cord injuries. The surgical treatment 
of various neurological abnormalities 
is adequately discussed in several of 
the articles, and there is a separate 
article on indications and techniques 
of urinary diversion. For the most 
part, the various authors are in agree- 
ment that a properly draining, unin- 
fected urinary tract that maintains 
normal renal function and at least 
some degree of continence is the ideal 
therapeutic goal. However, the best 
means of achieving this goal still re- 
mains somewhat controversial. 

The publishers have chosen a com- 
plex and controversial subject for 
their first issue. The authors, under 
the able editorship of Dr. Lapides, 
have written knowledgeable, ade- 
quately illustrated, up-to-date ar- 
ticles. This symposium should enable 
the practicing urologist to better 
diagnose and treat neurogenic dis- 
orders of micturition. 

JOHN B. NANNINGA, MD 
Chicago 


Books 719 


Santyl® (collagenase) 


Indications: Santyl Ointment is indicated for debrid- 
ing dermal ulcers and severely burned areas. In other 
types of necrotic skin lesions reports on the use of 
Santyl Ointment have been limited to clinical observa- 
tions without controls. 


Contraindications: Application is contraindicated in 
patients who have shown local or systemic hypersen- 
Sitivity to Collagenase. 


Precautions: The enzyme's optimal pH range is 7 to 
8. Lower pH conditions have a definite adverse effect 
on the enzyme’'s activity, and appropriate precautions 
should be taken. 


The enzymatic activity is also adversely affected by 
detergents and hexachlorophene and heavy metal ions 
such as mercury and silver which are used in some 
antiseptics. When it is suspected such materials have 
been used, the site should be carefully cleansed by 
repeated washings with normal saline before Santyl 
Ointment is applied. Soaks containing metal ions or 
acidic solutions such as Burow's solution should be 
avoided because of the metal ion and low pH. Cleans- 
ing materials such as hydrogen peroxide or Dakin's 





solution do not interfere with the activity of the enzyme. 


Debilitated patients should be closely monitored for 
systemic bacterial infections because of the theoreti- 
cal possibility that debriding enzymes may increase 
the risk of bacteremia. 


The ointment should be confined to the area of the 
lesion in order to avoid the risk of irritation or macer- 
ation of normal skin. 


A slight erythema has been noted occasionally in the 
surrounding tissue particularly when the enzyme oint- 


\ n 
ment was not confined to the lesion. This can be read- 
ily controlled by protecting the healthy skin with a 


& 
material such as Lassar's paste. 
O = i ro ra m Since the enzyme is a protein, sensitization may de- 
e 0o velop with prolonged use although none has been 
i observed to date. 


Adverse Reactions: Adverse reactions to Collagenase 
have not been noted when used as directed. 


@ 
1 th Nat Iona j ( onfe rence Dosage & Administration: Santy! Ointment should be 
applied once daily (or once every other day in the 


case of outpatients) in the following manner. 


(1) Prior to application the lesions should be gently 
n e cleansed with a gauze pad saturated in normal saline, 
buffer (pM 7.0-7.5) or hydrogen peroxide to remove 


e f t any film and digested material. 

e ICa spec Š oO por S (2) Whenever infection is present, as evidenced by 
positive cultures, pus, inflammation or odor, it is de- 
sirable to use an appropriate topical antibacterial agent. 
Neomycin-Bacitracin-Polymyxin B (Neosporin) has 

--Portland Oregon been found compatible with Sarityl Ointment. This 

8 a.m. Saturday, Nov. 30, 1974 ? antibiotic should be applied to the lesion in powder 

form or solution prior to the application of Santyl 

i ‘ è Ointment. Shóuld the infection not respond, therapy 
Heading the roster of community-oriented sports | with Saniyi Ointment should be discontinued until 


remission of the infection. 


distinguished spea kers are med icine programs, med- (3) Santyl Ointment should be applied (using a wooden 


Jesse Owens, winner of ical concerns of female longue depressor or spatula directly to dee wounds 

four gold medals at the as leara as well _ fa covered with sterile gauze pad and secured with 
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1936 Olympics; J.G.P. consu tations an crn" (4) Crosshatching thick eschar with a $11 blade is 

Williams, M.D., Deputy strations. helpful. It is also desirable to remove as much loos- 


ened detritus as can be done readily with forceps and 
SCiSSOIS. 


For your convenience, the (5) All excess ointment should be removed each time 
conference will be held in dressing is changed. 


(6) Use of the ointment should be terminated when 
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A.R. 79 years ole 
Cerebral arteriosclerosis, 
cereoral thrombcsis with 
resicual right hemiplegia, 
vescilar insufficiency of 
botF legs 


M.F. 52 years old 
Spinocerebellar 


epilepsy 


(A) 





P.J.: One of 17 patients with decubit rape 
treated wita SANTYL* 

P.J., 83 year- old, has Farxinson’s disease and general 
atherosclerosis —condi‘ions that make him particularly 
vulnerable tc decubitus ulcers. An ulcer developed on 
the occipital area of his heac and remained resistant to 
conventiona therapy fcr one month(A). 


Just ten day: after once-daily applications of SANTYL 
began, P.J.’sulcer was completely free of necrotic 
material, theinflammation had subsided, and fresh 
granulation fissue was well established(B). As photo (C) 
demonstrates, 42 days after SANTYL was discontinued, 
P.J.’s decubi us uker was completely healed. 

Seventeen o 21 nursing-home patients recently treated 
with SANTY _ also experienced very favorable results* 
The investigator concluded: 


SANTYL® Omtment “... is an effective and safe debriding 
agent which Dromptly attacks necrotic matter and fibers 
of undenatued ccllagen, paving the way for granulation, 
epithelizatiom and healing’”* ARSU 11 


See adjoining column for contraircications, precautions, and adverse reactions. 


degeneration, paraplegia, 


M.J.56 years old 
multiple sclerosis, 
contractures of lower 
extremities 


e digests native collagen, a 
substance ordinarily resistant 
to all common enzymes used in 
wound debridement 

e dissolves denatured collagen, 
the main constituent of dense 
eschar and necrotic debris 

e dissolves collagenous strands 
that anchor debris to the wound 
surface 

e debrides rapidly 

e simple, once-a-day application 

e easy to use; merely cleanse the 
lesion with normal saline or 
hydrogen peroxide and apply 
SANTYL 

e may be used with Neosporin" 
Powder if infection is present 

e available in 25 gm jars as 
sterile ointment 


“Rao DB: Collagenase in the treatment of dermal and 
decubitus ulcers. J Amer Geriat Soc, to be published. 
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=Space Age Microbicidal Powe 


For optimal preoperative skin degerming — BETADINE Surgical Scrub. Chosen 
by NASA for Apollo 11/12/14 splashdowns, BETADINE Surgical Scrub provides 
a golden microbicidal lather for prepping the operative site... kills both gram- 
positive and gram-negative bacteria (including antibiotic-resistant strains), fungi, 
viruses, protozoa and yeasts... promptly achieves full microbicidal effect with 
each usage. (In the rare instance of local irritation or sensitivity, discontinue use 
in the individual.) 


To enhance antisepsis— BETADINE Solution or BETADINE Aerosol Spray. After 
initial prepping with BETADINE Surgical Scrub, paint the operative area with 
BETADINE Solution (chosen by NASA for the Skylab mission), or spray with 
BETADINE Aerosol Spray...both are fully microbicidal and film-forming... 
maintain microbicidal activity in the presence of blood, pus and serum...treated 
area may be bandaged, taped or covered by a cast. 


To help maintain postoperative antisepsis— Reapply BETADINE Solution or 
BETADINE Aerosol Spray after suturing and during redressing. BETADINE 
microbicides are virtually nonirritating and do not stain skin and natural fabrics. 


PHOTOGRAPH: SKYLAB IN ORBIT. C IRTESY OF THE NATIONAL AERONAUTICS AND PACE ADMINISTRATION. 
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You expect your preoperative patient to be somewhat anxious 
and apprehensive about the scheduled surgery. But in some cases, 
psychic tension reaches undesirable levels 
as the time for the procedure approaches. 

In such situations, 10 mg Injectable 
Valium’ (diazepam), administered I.M. an 
hour or two before the operation, can lessen 
the undue anxiety and tension associated 
with strange surroundings and disturbing 
procedures. The calming effect is generally 
prompt and pronounced. What’s more, 












Valium (diazepam) can markedly reduce the 
patient’s recall of preoperative procedures. 
Injectable Valium seldom significantly 
alters vital signs. Nevertheless, there have been 
infrequent reports of hypotension and rare 
reports of apnea and cardiac arrest, usually 
following I.V. administration, a: in 
elderly or very ill patients.» 
and those with limited ` 
pulmonary reserve. 
Resuscitative facilities 
should be available. 









Wher given in conjunction with narcotics 
eduction of narcotic dosage should be considered.’ 
(See prescribing noina = 
Do not mix or dilute Injectable Valium 
with other drugs, solutions or fluids. 

The 10-mg disposable syringe is especially 
useful in this respect, since it provides 

a convenient method of using Valium and 
at the same time helps assure 
aseptic handling. 








table Vali lum aliii 
“can ease the way G 


Before prescribing, please consult complete product information, 
a summary of which appears on the following page. 


Prior to surgery, to relieve excessive anxiety; additionally, 


may diminish recall 


Injectable Valium Giazepam) 


ready-to-use 2-m] Tel-E-Ject (disposable syringes) 


Before prescribing, please consult 
complete product information, a summary 
of which follows: 

Indications: Tension and anxiety 
states; somatic complaints which are con- 
comitants of emotional factors; psycho- 
neurotic states manifested by tension, 
anxiety, apprehension, fatigue, depressive 
symptoms or agitation; symptomatic relief 
of acute agitation, tremor, impending or 
acute delirium tremens and hallucinosis 
due to acute alcohol withdrawal; adjunc- 
tively in: relief of skeletal muscle spasm 
due to reflex spasm to local pathology; 
spasticity caused by upper motor neuron 
disorders; athetosis; stiff-man syndrome; 
tetanus; status epilepticus and severe re- 
current seizures; adjunctively in anxiety, 
tension or acute stress reactions prior to 
endoscopic and surgical procedures; 
cardioversion. 

Contraindicated: |n infants; in pa- 
tients with known hypersensitivity to the 
drug; in acute narrow angle glaucoma; 
may be used in patients with open angle 
glaucoma receiving appropriate therapy. 

Warnings: When used /.V., the 
following procedures should be under- 
taken to reduce the possibility of venous 
thrombosis, phlebitis, local irritation, 
swelling, and, rarely, vascular impairment. 
Inject slowly, taking at least one minute 
for each 5 mg (1 ml) given; do not use 
small veins, i.e., dorsum of hand or wrist; 
extreme care should be taken to avoid 
intra-arterial administration or extravasa- 
tion. Do not mix or dilute with other solu- 
tions or drugs; do not add to I.V. fluids. 

Administer with extreme care to el- 
derly or very ill and those with limited pul- 
monary reserve because of possibility of 
apnea and/or cardiac arrest; have resus- 
citative facilities available. When used with 
narcotic analgesic eliminate or reduce 
narcotic dosage at least 3, administer in 
small increments. Should not be admin- 
istered to patients in shock, coma, acute 
alcoholic intoxication with depression of 
vital signs. As with most CNS-acting drugs, 
caution against hazardous occupations 
requiring complete mental alertness (e.g., 
operating machinery, driving). Advise 
against simultaneous ingestion of alcohol 
and other CNS depressants. Withdrawal 
symptoms (similar to those with barbi- 
turates and alcohol) have occurred follow- 
ing abrupt discontinuance (convulsions, 
tremor, abdominal and muscle cramps, 
vomiting and sweating). Keep addiction- 
prone individuals under careful surveil- 
lance because of their predisposition to 


10-ml vials 


5 mg/ml 


2-ml ampuls 


habituation and dependence. In preg- 
nancy, nursing women or women of child- 
bearing potential, weigh expected benefit 
against possible hazard to mother and 
child. Not recommended for OB use. 

Precautions: |f combined with other 
psychotropics or anticonvulsants, carefully 
consider individual pharmacologic effects 
—particularly with Known compounds 
which may potentiate action of Valium 
(diazepam), i.e., phenothiazines, narcot- 
ics, barbiturates, MAO inhibitors and 
other antidepressants. Protective meas- 
ures indicated in highly anxious patients 
with accompanying depression who may 
have suicidal tendencies. Observe usual 
precautions in impaired hepatic function; 
avoid accumulation in patients with com- 
promised kidney function. Laryngospasm 
and increased cough reflex are possible 
during peroral endoscopic procedures; use 
topical anesthetic and have necessary 
countermeasures available. Hypotension 
or muscular weakness possible, particu- 
larly when used with narcotics, barbitu- 
rates or alcohol. Use lower doses (2 to 5 
mg) for elderly and debilitated; safety and 
efficacy in children under 12 not estab- 
lished. 

Adverse Reactions: Drowsiness, fa- 
tigue, ataxia, venous thrombosis and 
phlebitis at injection site, confusion, de- 
pression, dysarthria, headache, hypoac- 
tivity, slurred speech, syncope, tremor, 
vertigo, constipation, nausea, inconti- 
nence, changes in libido, urinary retention, 
bradycardia, cardiovascular collapse, hy- 
potension, blurred vision, diplopia, nys- 
tagmus, urticaria, skin rash, hiccups, 
changes in salivation, neutropenia, jaun- 
dice. Paradoxical reactions such as acute 
hyperexcited states, anxiety, hallucina- 
tions, increased muscle spasticity, insom- 
nia, rage, sleep disturbances and stimula- 
tion have been reported; should these 
occur, use of the drug should be discon- 
tinued. Cough, depressed respiration, 
dyspnea, hyperventilation, laryngospasm 
and pain in throat and chest have been re- 
ported in peroral endoscopic procedures. 
Isolated reports of neutropenia, jaundice; 
periodic blood counts and liver function 
tests advisable during long-term therapy. 
Minor EEG changes, usually low-voltage 
fast activity, of no Known significance. 

Dosage: Usual initial adult dose is 2 
to 20 mg I.M. or I.V., depending on indica- 
tion and severity. Larger doses may be 
required in some conditions (tetanus). In 
acute conditions injection may be repeated 
within 1 hour, although interval of 3 to 4 


hours is usually satisfactory. Lower doses 
(usually 2 to 5 mg) with slow dosage in- 
crease for elderly or debilitated patients 
and when sedative drugs are added. (See 
Warnings and Adverse Reactions.) 

|.M. use: by deep injection into the 
muscle. 

|.V. use: inject slowly, take at least 
one minute for each 5 mg (1 ml) given. Do 
not use small veins, i.e., dorsum of hand or 
wrist. Use extreme care to avoid intra- 
arterial administration or extravasation. Do 
not mix or dilute with other solutions or 
drugs; do not add to I.V. fluids. 

Moderate psychoneurotic reactions, 2 
to 5 mg I.M. or I.V. and severe psychoneu- 
rotic reactions, 5 to 10 mg I.M. or I.V., re- 
peat in 3 to 4 hours if necessary; acute 
alcoholic withdrawal, 10 mg I.M. or I.V. 
initially, then 5 to 10 mg in 3 to 4 hours if 
necessary; muscle spasm, 5 to 10 mg I.M. 
or I.V. initially, then 5 to 10 mg in 3 to 4 
hours if necessary (tetanus may require 
larger doses); status epilepticus, severe 
recurrent convulsive seizures, 5 to 10 mg 
I.M. or I.V. initially, repeat in 2 to 4 hours 
if necessary. In endoscopic procedures, 
titrate |.V. dosage to desired sedative re- 
sponse, genérally 10 mg or less but up to 
20 mg (if narcotics are omitted) immedi- 
ately prior to procedure; if |.V. cannot be 
used, 5 to 10 mg I.M. approximately 30 
minutes prior to procedure. As preopera- 
tive medication, 10 mg1.M_; in cardiover- 
sion, 5to 15 mg I.V., within 5 to 10 min. 
prior to procedure. Once acute symptom- 
atology has been properly controlled with 
injectable form, patient may be placed on 
oral form if further treatment is required. 

Management of Overdosage: Mani- 
festations include somnolence, confusion, 
coma and diminished reflexes. Monitor 
respiration, pulse, blood pressure; employ 
general supportive measures, |.V. fluids, 
adequate airway. Use levarterenol or 
metaraminol for hypotension, caffeine and 
sodium benzoate for CNS-depressive ef- 
fects. Dialysis is of limited value. 

Supplied: Ampuls, 2 ml, boxes of 10; 
Vials, 10 ml, boxes of 1; Tel-E-Ject® (dis- 
posable syringes), 2 ml, boxes of 10. Each 
ml contains 5 mg diazepam compounded 
with 40% propylene glycol, 10% ethyl al- 
coho}, 5% sodium benzoate and benzoic 
acid as buffers, and 1.5% benzyl alcohol 
as preservative. 


Roche Laboratories 
Division of Hoffmann-La Roche Inc. 
Nutley, New Jersey 07110 


EDITORIAL 
Observations of “Acupuncture Anesthesia” in the 
Peaple’s Republic of China 

Jerome H. Modell, MD, Gainesville, Fla 


SPECIAL ARTICLE 


The Present Status of Lung Transplantation 
Frank J. Veith, MD, Spencer K. Koerner, MD, New York 


Important progress documented; guarded optimism justifiable. 


DRIGINAL ARTICLES 


Sibrinogen in Liver Disease 
E. Nigel Wardie, MA, MB, MRCP, Newcastle upon Tyne, England 


Rise in endotoxin is associated with increased breakdown 
of fibrinogen. 
=rimary Sclerosing Cholangitis 
Miguel A. Oviedo, MD; Donald Vol<mer, MD; 
E@ward F. Scanlon, MD, Evanston, III 


Good results from long-term biliary drainage; no steroids. 
(Editorial comment by Carl H. McLauthlin, MD, Denver) 
ischemic Arrest vs Electrical Fibrillation for Myocardial Revascularization 
William G. Plested, MD; Joseph S. Carey, MD; 
Eugene A. Mazzei, MD, Santa Monica, Calif 
Ischemic arrest only needed for ten minutes. 


™esocaval and Portacaval Shunts Using Panelled Bovine Arterial H Grafts 
Nerman Rosenberg, MD; Stephen F. Konigsberg, MD; 
Joseph Noronha, MD New Brunswick, NJ 


Postoperative patency excellent: 
pretiminary study of late patency satisfactory. 
Carcinomatous Lymph Nodes Within Breast Parenchyma 
LeRoy J. Hyman, MD. R. Mario Abellera, MD, Cleveland 
Bona fide observations of true intramammary nodes. 
The Fate of Heterotopic Pancreatic Tissue: A Study of 212 Cases 
Rabert V. Dolan, MD; William H. ReMine, MD; 
Malcolm B. Dockerty, MD, Rochester, Minn 
Rarely, if ever, causes symptoms. 


lritra-aortic Balloon Counterpulsation: Indications and Long-Term 
Eesults in Postoperative Left Ventricular Power Failure 

John J. Lamberti, Jr., MD; Lawrence H. Cohn, MD; 

Michael Lesch, MD; Jehn J. Collins, Jr., MD, Boston 


Five of 12 patients are long-term survivors. 
(Editorial comment by Norman E. Shumway, MD, Palo Alto, Calif) 
Pediatric Tropical Intussusception in Haiti 
Thomas F. Minehan, MD, Robert J. Touloukian, MD, New Haven, Conn 
Epidemiology similar to USA, but Haitian patients report late. 
(Editorial comment by Eric W. Fonkalsrud, MD, Los Angeles) 
Hormone-Substrate In-errelationships Following Trauma 
Michael M. Meguid, MD; Murray F. Brennan, MD; Thomas T. Aoki, MD; 
Walter A. Muller, MD; Margaret R. Ball; Francis D. Moore, MD, Boston 


Insulin levels disproportionately low for those of glucose. 
(Editorial comment by Arthur E. Baue, MD, St. Louis) 


Salvage of the Ischemic Lower Extremity in Patients With Poor Runoff 
Richard T. Purdy, MD; Prafull Bole, MD; 
Winston Makanju, MD; Rino Munda, MD, New York 


Strong case for using isolated popliteal segment for 
lower anastomosis. 
(Editorial comm ent by John A. Mannick, MD, Boston) 


Centents continued on p 725. 
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When parenteral analgesia 
is no longer required, 
Empirin Compound with 
Codeine usually provides the 
relief needed. 





Sutures 





Empirin Compound with 
Codeine is effective for 
visceral as well as soft tissue 
pain—provides an antitussive 
bonus in addition to its 
prompt, predictable 
analgesia. 


ill prescribing convenience: 
up to 5 refills in 6months, 
at your discretion (unless 
restricted by state law); by 


telephone order in many states. 


Empirin Compound with 
Codeine No. 3, codeine 
phosphate* 32.4 mg. (gr. Y2); 
No. 4, codeine phosphate* 
64.8 mg. (gr. 1).*Warning— 
may be habit-forming. Each 
tablet also contains: aspirin 
gr. 3%, phenacetin gr. 24, 
caffeine gr. 2. 


R Burroughs Wellcome Co. 
Research Triangle Park 


Wellcome / North Carolina 27709 






Healing nicely, 


ODEINE 


#3, codeine phosphate* (32.4 mg.) gr. ¥ 
#4, codeine phosphate* (64.8 mg.) gr. 1 
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Lumber Sympæhetic Ganglia in Atherosclerotic Patients, Diabetic and 
Nondiabetic: A*Comparative Morphological and Ultrastructural Study 
ltamar Kott, MD; Israel Urca, MD; Uri Sandbank, MD, Petah Tigva, Israel 

Degener. tive ganglionic changes may explain 
“autosympathectomy” of diabetics. 
(Editosia! comment by Simeon Locke, MD, Boston) 


Surgery and Sderotherapy in the Treatment of Varicose Veins: 
A Random Tria 
John T. Hcbbe, MD, FRCS, London 


Sclerotherapy where adequate compression possible, 
operatios where not. 


Reye Syndrome Cadeveric Kidneys: Their Use in Human Transplantation 


Casimir F. Fir it, MD, PhD; Olga Jonasson, MD; 
Baery D. Kahan, PhC, MD; John J. Bergan, MD, Chicago 


Reye syedrom2 not transmitted. 


The Extent cf Cperation for Primary Hyperparathyroidism 


Mewin A. Blo- k, MD Boy Frame, MD; Charles E. Jackson, MD; 
Robert C. Hom, Jr., MD, Detroit 


Subtozal paratnyroidectomy is recommended in selected cases. 


EXPERIMEN AL SURGERY 


The Risk of Amicoagulation With Experimental Pulmonary Contusion 
Jack L. Radlif. MD, San Francisco 


This experimental model showed no adverse effect of heparin. 


Canine Intratheracic Hepatic Homograft: A Life-Supporting Procedure 


Yves LeCompre, MD Charles deRiberolles, MD; Didier Grange, MD; 
Anne-Marie B-unet, VD; Henri Bismuth, MD, Villejuif, France 


Thorax tae best place for hemodynamic requirements 
of heterctopic liver grafts. 


(Edtœial comment by Ronald A. Malt, MD, Boston) 


Photoscanning An Aid to the Early Diagnosis of Rupture of the Spleen 
John A. WalsE, MD, =RACS; John _udbrook, MD, ChM, BMedSc, FRCS, FRACS; 


Peter M. Ronai, MB, BS, BSc (Med), PhD, MRACP, Adelaide, Australia 


Eliminates perod of “‘observation’’ when bleeding 

from sigaificart rupture temporarily stops. 
Hypothħermie Pulsatile Kidney Preservation: 
Comparative Aaalysis of Plasma Fractions 


Luis H. Toled»-Pereyra, MD; Richard M. Condie, PhD; Clive O. Callender, MD; 
Martin F. Mozs, MD; Allan W. Moberg, MD; Eduardo A. Santiago-Delpin, MD; 
Ricnard L. Simmons MD; John S. Najarian, MD, Minneapolis 


Cryoprec pitated plasma or silica gel fraction effective 
even atte 20 minutes ischemia damage. 


CLINICAL NOTES 


Coexistent Imfe-ior Vena Caval and Portal Hypertension: 
Splenic to Left Hepatic Vein Anastomosis in a Cirrhotic Patient 
Jean-Noël Mallard, MD; Jean-Marie Hay, MD; Annie Elman, MD; 
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Editorial 


Observations of “Acupuncture Anesthesia” 
in the People’s Republic of China 


F rom May 1 to May 22, 1974, I had the pleasure 

of visiting the Feople’s Republic of China as a mem- 
ber of the Acupunc-ure Anesthesia Study Group. The 
ckairman of the group was E. M. Papper, MD; the vice- 
chairman was Frederick W. L. Kerr, MD. Other members 
of the study group included Paul R. Burgess, PhD; Ken- 
neth L. Casey, MD; C. Richard Chapman, PhD; Ronald 
Dubner, DDS; Francis F. Foldes, MD; E. S. Siker, MD; Ar- 
thur Taub, MD; James R. Townsend, PhD; and Denise F. 
Emery. The study grcup was sponsored by the Committee 
on Scholarly Communication with the People’s Republic of 
China of the National Academy of Sciences, the Social 
Seence Research Council, and zhe American Council of 
Learned Societies. Our purpose was to study “acupuncture 
anesthesia” in an attempt to appreciate the current state 
of the art in the People’s Republic of China. A comprehen- 
sive report is being published by the entire study group. 
What follows is a brief résumé of some of my personal 
observations. 

Since returning to the United States, the most common 
question I have been asked is, “Does acupuncture anesthe- 
sia work?” Unfortunately, one cannot answer with a 
simple yes orno. Yes, we did see patients successfully op- 
erated on under acupuncture anesthesia with little or no 
apparent discomfort; however, we also saw other patients 
who appeared to suffer much diseomfort during attempts 
to perform surgery w th this technique. 

in discussing the technique, our Chinese hosts reported 
that while there was some variation in the success rate 
with the operative procedure, in general, approximately 
90% of the patients selected for acupuncture anesthesia 
were operatec on “suceessfully” without resorting to gen- 
era. anesthesia. In order to interpret these figures it is im- 
portant to understand the Chinese classification of “suc- 
cessful.” The Chinese grade the results of acupuncture 
anesthesia in four categories; the first three (grades 1 
threugh 3) are all considered successful. Grade 1 is used 
when the patient has little or no discomfort during the op- 
erative procedure and there are minimal changes in vital 
signs. Grade 2 is usec when the patient has slight dis- 
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comfort that can be controlled with small doses of nar- 
cotics and local anesthetics and he may have moderate 
changes in vital signs. Grade 3 implies that the operation 
can be successfully completed, but the patient has periods 
of moderate to severe pain, changes in vital signs, and 
larger doses of parenteral medication and local anesthesia 
are necessary to complete the procedure. Grade 4 is a fail- 
ure, and the operation must be abandoned or the patient 
given general anesthesia. re, 

The Chinese repeatedly pointed out that acupuncture 
anesthesia still is an experimental technique and repre- 
sents an attempt to blend traditional Chinese medicine 
with Western medicine as a means of improving the 
health care given to their people. They acknowledged that 
some of the present problems with acupuncture anesthesia 
are that many patients suffer incomplete analgesia, that 
muscle relaxation may be poor, and that patients fre- 
quently complain about a feeling of traction when viscera 
are manipulated. This is particularly true with operations 
within the abdominal cavity. 

They also stressed the need for proper patient selection. 
Acupuncture anesthesia is not recommended for every pa- 
tient, but rather is selected for those in whom an accurate 
preoperative diagnosis has been established, the surgical 
procedure promises to be uncomplicated, and, after an ex- 
planation of the advantages of acupuncture anesthesia 
and the disadvantages of general anesthesia, the patient 
agrees to atupuncture. In some patients there is consid- 
erable preparation, eg, patients who are to undergo tho- 
racotomy must successfully complete a variety of breath- 
ing exercises for approximately one week preoperatively. 
In addition to the anesthesiologist counseling the patient 
regarding his anesthesia, the surgeon and other patients 
in the hospital ward who have undergone acupuncture an- 
esthesia also inform the patient of what they believe to be 
its advantages. Each step of the surgical procedure also is 
explained. Patients who are nervous or apprehensive are 
not considered suitable candidates. It was stressed repeat- 
edly that in order for acupuncture anesthesia to be suc- 
cessful, the surgeon must be precise, rapid, and extremely 
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gentle, eg, tissues are handled with a minimum amount of 
trauma and the presence of retractors of any type in the 
wound seldom is seen. 

The study group had the opportunity to observe, in 
depth, 48 patients who were preselected to have surgery 
performed under acupuncture anesthesia. The operations 
included such diverse procedures as tooth extractions, 
craniotomy for tumors, ophthalmologic surgery, tonsillec- 
tomy, thyroidectomy, pulmonary lobectomy, mitral com- 
missurotomy, repair of ventricular septal defect with ex- 
tracorporeal circulation, subtotal gastrectomy, ovarian 
cystectomy, abdominal hysterectomy, inguinal hernior- 
rhaphy, arthrotomy of the knee, and so on. Unfortunately, 
we did not observe sufficient numbers of procedures in 
each category to be able to attach any statistical signifi- 
cance regarding the success rate with a particular type of 
surgical procedure. Of the 48 procedures we Saw, our 
group thought that 25 patients (52%) fell into the category 
of grade 1, and ten patients (21%) into the category of 
grade 2. The remainder (27%) were classified as grade 3 or 
4. There is no way to predict whether the same statistics 
would apply to a group of patients similarly selected and 
prepared in the United States. However, if one makes the 
assumption that the American patients’ response to sur- 
gery and discomfort is identical to that of the patients we 
observed in China, grade 1 results would be applicable to 
both populations. I also believe that many of our patients 
would accept a grade 2 result, but that grade 3 and 4 
would be unacceptable. 

There is no question that patients are awake, alert, and 
most are capable of walking from the operating table to 
their bed immediately after surgery with acupuncture an- 
esthesia. Most of these patients require a minimum of 
postoperative analgesic drugs and, although we did not 
have the opportunity to observe patients postoperatively, 
I would expect that whatever morbidity might be associ- 
ated with excessive sedation and lack of ambulation in the 
postoperative period would be eliminated by this tech- 
nique. The trade-off, unfortunately, is that at least 27% of 
patients would have to be converted to another anesthetic 
technique once surgery was started. I also am concerned 
as to whether the apparent rapid recovery in the postoper- 
ative period following acupuncture anesthesia could be at- 
tributed to the fact that most procedures we witnessed 
were performed rapidly, with meticulous handling of tis- 
sue, and with almost no retraction. Thus, the trauma to 
tissues was minimized. It would be impossible, without 
suitable controlled studies, to be able to separate the im- 
portance of intraoperative tissue trauma from drug-in- 
duced anesthesia in contributing to postoperative morbidity. 

Another problem in determining the applicability of 
this technique to our own patients is that we saw little 
mechanical or electronic monitoring equipment of recent 
vintage used clinically in the operating rooms. Some pa- 
tients are monitored only with pulse rate; however, most 
are monitored with the Korotkoff blood pressure method, 
pulse rate, and respirations. Even in the heart operations, 
sophisticated techniques of monitoring the cardiovascular 
system or adequacy of oxygenation were not employed. 
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On the other hand, acupuncture anesthesia provides for a 
very sensitive additional monitoring tool beyond that 
which usually is available in the United States. That is, 
the patient is awake and can inform the surgeon and an- 
esthesiologist when tissues are handled roughly since he 
feels excessive “heaviness,” “traction,” or “pain.” It also is 
possible to monitor the level of the patient’s consciousness 
during cardiopulmonary bypass merely by talking to him 
and observing the appropriate responses. 

It is possible that even though a patient may be able to 
tolerate thoracic surgery under acupuncture without ap- 
parent discomfort, significant hypoxia could occur with an 
open thorax to question its efficacy. I personally observed 
three intrathoracic procedures (a pulmonary lobectomy, a 
mitral commissurotomy, and a repair of a ventricular sep- 
tal defect with extracorporeal circulation) and did not ob- 
serve obvious cyanosis; however, this is an extremely 
crude method of evaluating oxygenation. We were told 
that general, endotracheal anesthesia is used for patients 
with generalized pulmonary disease because of the pos- 
sible danger of hypoxia in these patients. 

In addition to our visits to the operating theater, we 
also had the opportunity to meet with a number of physi- 
ologists in Peking, Shanghai, and Canton. Considerable 
effort currently is being expended in an attempt to find a 
physiologic mechanism for acupuncture anesthesia. Most 
of these studies still are quite preliminary and few have 
been published. There is some suggestion that there might 
be a neural or a humoral mechanism; however, the studies 
suggesting this are neither sufficiently complete at pres- 
ent to undergo careful critical review nor do they spe- 
cifically separate acupuncture from other forms of 
stimulation. 

At this point acupuncture anesthesia does not appear to 
be anesthesia in the classical sense. From what we have 
seen, a more accurate term would be “acupuncture hypal- 
gesia.” We also are not in a position to point to a specific 
mechanism of action. However, there is no question that 
we observed a number of patients who laid on the oper- 
ating table without changes in expression or vital signs 
while surgical procedures were being performed. Other 
patients were not as fortunate and experienced traction, 
heaviness, or pain. 

Assuming that acupuncture does produce analgesia and 
was responsible for the grade 1 successful cases that we 
observed, one would have to propose a theory of mecha- 
nism of action. My personal observation would be that the 
pain threshold is different for each patient and that some 
will tolerate general surgical procedures without inter- 
preting this as “pain” if they are distracted by other 
means, be they prior conditioning, auditory, visual, or tac- 
tile. The “needling” feeling that accompanies acupuncture 
when done manually, or the response to electrical stimula- 
tion, would produce a distraction of significant propor- 
tions. If one further assumes that there is a hierarchy of 
perception of stimuli for patient response, one could pos- 
tulate that the stimulus of surgery is not as potent as the 
distraction stimulus of acupuncture and patient counsel- 
ing. In those cases acupuncture anesthesia would be a suc- 
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cess. Jn the cther hand, if the stimulus from the surgical 
site 5 more orceful, for example, excessive traction on 
visce a, it woald be at a higher point in the hierarchy of 
pere@tion and would be interpreted by the patient as 
“breaking though” the distraction of acupuncture, pa- 
tient counseling, and preparation. Regardless of whether 
cnere-is a suprasegmental, neural, humoral, or traditional 
meridian mechanism for acupuncture entering its way 
-nto the hierarchy of pereeption response, this theoretical 
aasis for the successes we saw would be possible. Further 
avideace fer such a theory is the fact that in the United 
State. we sometimes can supplement a regional anes- 
-hetic by talking to the patien:, having him listen to a ra- 
do, patting hss forehead. and so forth. These stimuli are 
distractions ir themselves, perhaps not as potent as acu- 
panetare, but -hey frequeatly permit surgery to proceed. 
This, at present we are not in a position to determine 
whetl=r acupuncture anesthesia, analgesia, or hypalgesia 
will have widespread applicability to the patient popu- 
lation of the United States. It appears, at present, that it 
5 too anpredictable to be attempted on a wide scale. The 
Cuestion still leoms as to whether the tolerance to surgical 
tauma is greater in the Chinese population of today than 
ic is ir Americans. These “acts suggest that careful, clini- 
cal stuclies should be attempted at a small number of insti- 
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tutions in the United States in an attempt to establish its 
transferability and reproducibility in our population. 

Regardless of whether acupuncture will have an impor- 
tant role in our anesthetic armamentarium in the future, 
there are some lessons that can be learned from our expe- 
rience. Apparently there is a wide differential in patient 
reaction to pain. We saw many patients whom we consid- 
ered to be in pain. They denied this, but rather talked 
about feelings of traction, soreness, and heaviness. It is 
entirely possible that many physicians, in a desire to make 
their patients comfortable, actually do them a disservice 
by oversedating them, particularly during the postopera- 
tive period. We need to explore the possibility of reducing 
intraoperative and postoperative discomfort by better 
preoperative counseling and reduction of unneeessary in- 
traoperative trauma, rather than by overuse of drugs. 
Certainly the results of our observations suggest that we 
all need to be introspective and review our own practices 
for the benefit of our patients. 


JEROME H. MODELL, MD 

Department of Anesthesiology 
University of Florida College of Medicine 
Box 721 

Gainesville, FL 32610 
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Special Article 





The Present Status 
of Lung Transplantation 


Frank J. Veith, MD, Spencer K. Koerner, MD 


Laboratory and clinical experience with lung transplantation has 
defined the problems to be solved and has provided future routes of 
access to many of them. It has been established that (1) a single 
lung transplant can sustain a recipient; (2) a reimplantation response 
exists and can produce early transplant malfunction; (3) rejection is 
still a major obstacle to success; (4) there are two components to re- 
jection, the alveolar and the vascular; (5) immunosuppression may 
attenuate the vascular component more than the alveolar; (6) rever- 
sal of rejection by methylprednisolone is possible; (7) better tech- 
niques for detection of lung rejection are needed; and (8) imperfect 
bronchial anastomotic healing and insufficient donor lungs remain 
serious problems. Because of the increasingly clear definition of 
these problems, and because progress is being made toward solving 
many of them, the future of the field can be looked on with guarded 
optimism. 


nN of July 1974, 36 patients have received lung 
transplants. One patient survived ten months,’ an- 
other survived six months, and several survived one to 
two months after operation (Table). Although the patients 
who survived for the longer periods were substantially 
palliated, no unmitigated long-term success has been 
achieved. The purpose of this article is to examine the rea- 
sons for this limited success and to predict whether or not 
improved results can be expected with human lung trans- 
plantation in the near future. 

Allotransplantation of a lung in a patient with end- 
stage pulmonary disease is a complex procedure with 
many potential problems and pitfalls, most of which are 
peculiar to lung transplants as opposed to transplants of 
other organs. Only when all of these problems can be Sys- 
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tematically surmounted will successful therapeutic lung 
transplantation be possible. The experience to date, in ad- 
dition to providing some limited successes, has defined the 
obstacles and problems that must be overcome to achieve 
widespread success in clinical lung transplantation. To- 
gether with relevant laboratory experimentation, this ex- 
perience has also provided partial solutions to some of 
these problems. The present article enumerates these 
problems and discusses the progress presently being made 
toward their solution. 


Vascular Resistance and Functional Adequacy 
of a Single Transplanted Lung 


Most candidates for therapeutic lung transplantation 
will have severe pulmonary vascular disease. Therefore, 
any single lung transplant will have to carry the majority 
of the pulmonary blood flow at pulmonary artery pres- 
sures that are tolerable to the right ventricle. For many 
years, it was thought that transplanted or denervated 
lungs had fixed high vascular resistances such that they 
could not meet this requirement. However, recent work 
suggested that transplanted lungs could have normal vas- 
cular resistances if the transplants were performed with 
technical perfection.’* Furthermore, work in our own lab- 
oratory indicated that transplanted lungs could have a 
normal capacity to vasodilate with increased pulmonary 
blood flow.: And, finally, we were able to show that a 
single lung transplant could provide total pulmonary 
function and carry increased blood flows, including the en- 
tire cardiac output at all times after operation without ab- 
normal elevation of the pulmonary artery pressure if all 
the vascular anastomoses were properly constructed. 
Although these findings were at first disputed, they have 
not been substantiated in dogs by several other groups of 
investigators" and similar findings have been noted in 
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a 
Human Lung Transplants Performed as of July 1974 
Duration of 
Case No and Type of Survival of Cause of Death 
Medical “eam Date Indication for Transplant* Transplant Patient or Lobe or Failure 
1 6/11/63 Carcinoma left lung, CLD Left lung 18 days Renal insufficiency 
J.C Hardy z 
2 7/6/63 CLD Left lung 8 days Respiratory insufficiency, 
G. — Magovern pneumonia, rejection 
3 6/25/65 Bronchiectasis, tuberculosis Left lower lobe 18 days Rejection 
K. Shinoi 
4 9/13/65 Carcinoma right lung, left Right lung 5 hr Respiratory insufficiency, 
W... Nevil pneumonectomy ischemic damage 
5 9/25/65 Silicosis, chronic infection Left lung 7 days Respiratory insufficiency, 
J.-J White pneumonia, rejection 
L.C MacLean 
6 3/15/66 Carcinoma left lung, CLD Left lower lobe 7 days Alveolar hemorrhage, 
Y. Tsuji rejection 
7 1/5/67 Toxic pneumonitis (HCI) Left lung 1 hr Respiratory insufficiency 
E.S Büchel 
8 4/1/67 Bronchiectasis Left lower lobe 8 days Rejection 
Y.Fayata 
9 6/15/67 Primary pulmonary hypertension Left lower lobe 3hr Respiratory insufficiency, 
0. E Gago lobe congested 
J. D Morris 
10 11/5/67 Posttraumatic pulmonary insuf- Right lung 2 days Respiratory insufficiency 
E-S Biched ficiency, right pneumonectomy 
11 5/14/68 Carcinoma left lung, right Left lung 8hr Respiratory insufficiency, 
J. JĦHaglin pneumonectomy bleeding 
12 5/15/68 Toxic pneumonitis (paraquat) Left lung 13 days Respiratory insufficiency, 
A. L»gan ? paraquat toxicity, 
?? rejection 
13 8/31/68 COPD Left lung 26 days Respiratory insufficiency, 
A. © Beall $ pneumonia, rejection 
14 9/15/68 Pulmonary hypertension, Heart and lungs 14 hr Respiratory insufficiency 
D. A. Cooley congenital heart disease 
15 11/8/68 COPD Left lung 6 days Respiratory insufficiency, 
G.L Hallman rejection 
D. A Cooley 
16 11/14/68 Silicosis Right lung 10 mo Respiratory insufficency, 
F. Derom pneumonia, rejection 
17 1/18/69 CLD, acute pneumonia Left lung 29 days Respiratory insufficiency, 
J. DijHardy rejection 
18 3/6/69 Carcinoma right lung, CLD Right lung 14 days Respiratory insufficiency, 
F. J../eith rejection 
S. KKoerne 
19 3/26/69 COPD Left lung 10 days Respiratory insufficiency, 
D. L.Ross rejection 
20 4/9/69 COPD Left lung 10 days Respiratory insufficiency, 
A. C.Beall pneumonia, rejection 
21 6/1/69 COPD, tuberculosis Left lung 11 days Respiratory insufficiency, 
P. J. danderhceft rejection 
22 9/1/69 COPD Left lung 4 days Respiratory insufficiency, 
D. R-Kahn cerebral damage 
23 12/31/69 COPD Heart and lungs 8 days Respiratory insufficiency, 
C. W. Lillehe pneumonia 
24 3/17/70 COPD Left and right 11 days Respiratory insufficiency, 
J. J. daglin lungs rejection, right 
Ss bronchial disruption 
25 4/19/70 Right COPD, left destroyed Right lung 15 days Bronchial dehiscence 
F. J. “eith lung (tuberculosis) 
5. K. “oerner 
26 3/26/71 Fibrosing alveolitis Right lung 2 mo Peribronchial abscess, 
>, Hush Jonss pulmonary artery- 
4. M&Arthur bronchial. fistula 
>. Cullum 
27 3/20/71 Chronic restrictive lung Left lung 1 mo Respiratory insufficiency, 
>. R. ahn disease pneumonia 
28 3/20/71 COPD Heart and lungs 23 days Right bronchial 
>. Barnard disruption, pneumonia 
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Case No. and 
Medical Team Date Indication for Transplant* 
29 1/7/72 COPD 
F. J. Veith 
S. K. Koerner 
30 5/6/72 COPD 
F. J. Veith 
S. K. Koerner 
31 3/30/67 Bronchiectasis, COPD 
M. Molins 
32 9/28/67 Carcinoma left lung, COPD 
M. Molins 
33 12/12/71 Toxic pneumonitis (paraquat) 
K. Davidson 
34 7/7/72 CLD 
M. Noirclerc 
35 5/14/73 CLD 
M. Noirclerc 
36 12/4/73 COPD 
F. J. Veith 






S. K. Koerner 







baboons.'*"* Moreover, we have now shown in three pa- 
tients that transplantation of a single lung can relieve 
long-standing pulmonary hypertension immediately, and 
that a single transplanted human lung can alone carry 
virtually the entire cardiac output at easily tolerable pul- 
monary artery pressures (Veith et al” and S.K.K. and 
F.J.V., unpublished data). The findings that animals could 
survive transplantation of one lung and immediate liga- 
tion of the opposite pulmonary artery,”!’:"?:"*'° plus the ob- 
servation that patients with no effective pulmonary func- 
tion in their remaining lung could survive solely on the 
function of their single lung transplant," prove conclu- 
sively that one transplanted lung can provide total res- 
piratory and vascular pulmonary function at all times af- 
ter its insertion. 


Reimplantation Response 


This may be defined as the morphologic, roentgen- 
ographic, and functional changes that occur in a trans- 
planted lung as the result of the surgical trauma, is- 
chemia, denervation, lymphatic interruption, and other 
processes that are necessary to perform a lung transplant, 
exclusive of homograft rejection. Although the reimplan- 
tation response also occurs in lung homografts, it can only 
be defined by studying experimental lung autografts or 
reimplants in which manifestations of rejection cannot 
occur. 

Studies in a number of laboratories, including our own, 
have shown that the reimplantation response produces al- 
veolar edema on histological examination and alveolar in- 
filtrates on plain chest roentgenograms. These changes 
reach their peak within three days of operation and then 
gradually regress over the next three weeks.'*:"’ Function- 
ally, the reimplantation response produces primarily a 
temporary impairment of transplant ventilation,” al- 
though there may also be some transient impairment of 
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* Chronic lung disease, CLD; chronic obstructive lung disease (emphysema), COPD. 


Human Lung Transplants Performed as of July 1974 (continued) 
Duration of 


Type of Survival of Cause of Death 
Transplant Patient or Lobe or Failure 
Right lung 6 mo Massive hemoptysis from 
eroded bronchial artery 
Left lung 15 days Aspiration pneumonia from 
necrotic bronchial mucosa 
Right lung 6 days Respiratory insufficiency, 
pneumonia 
Left lung 1 day Respiratory insufficiency, 
pneumothorax 
5 days ? Paraquat toxicity 
No survival Cardiac arrest 
9 days Acute gastric dilation 
2 days Respiratory insufficiency, 


? hyperacute rejection, 
bleeding 





transplant blood flow,° and, with greater than minimal 
periods of ischemia, a transplanted lung will usually have 
a marked elevation of its vascular resistance and a con- 
sequent decrease in its blood flow.?? Even in this circum- 
stance, however, the reimplantation response usually 
seems to produce a decreased ventilation/perfusion ratio 
in the involved lung. 

It is impossible to prove the effect of the reimplantation 
response in human lung transplantation since rejection 
could theoretically be a factor in all early transplant mal- 
function. Nevertheless, it is almost certain that the reim- 
plantation response accounted for the early reversible 
transplant ‘malfunction observed in one of our patients? 
and in many of the patients who died in the early postop- 
erative period (Table). Thus, it is advisable that the reim- 
plantation response be minimized in all future human 
lung transplantation efforts. Present knowledge would in- 
dicate that this can best be accomplished by minimizing 
premortem damage, ischemia, and trauma to the donor 
lung. In addition, recent work in our own laboratory sug- 
gests that the reimplantation response may be lessened 
by treating the lung transplant recipient with large 
doses of methylprednisolone** and by flushing the donor 
lung with a hypertonic solution with an electrolyte con- 
tent resembling intracellular fluid.**-2° 


Functional Consequences of the Alveolar and 
Vascular Components of Lung Homograft Rejection: 
Production of Alveolar-Vascular 
Dissociation by Immunosuppression 


On the basis of histologic studies in human lung homo- 
graft recipients and serial biopsy and roentgenographic 
evaluations of dog autograft and homograft recipients 
with and without immunosuppression, we postulated that 
there are alveolar and vascular components of lung homo- 
graft rejection. The vascular component is character- 
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wed by perivascular cuffs of mononuclear cells, intimal hy- 
perpiasia, lum nal narrowing of small vessels, increased 
@ansplant vascular resistance, and decreased blood flow. 
Tae alveolar component is characterized by the presence 
ef fibrinous a-veolar exudates containing desquamated 
preumocytes, -oentgenographic infiltrates and opacifica- 
ten, and decreased transplant ventilation. Without im- 
munesuppression, the two components or phases of rejec- 
tien usually occur in parallel. With immunosuppression, 
lewever, the vascu-ar phase is often attenuated to a 
greater extent than the alveolar component. This alveo- 
la-vascular dissociation produces an atypical histologic 
pettern anc decreased ventilation with sustained perfu- 
sien. Although our postulate that this atypical alveolar 
pattern and the associated ventilation-perfusion imbal- 
arce were due to rejection was at first highly controver- 
sial, it is supported by the occasional late development of 
ts pattern in homegrafts and by the failure to observe 
this pattern in autografted lungs under comparable condi- 
tiens.** Furthermore, our histologic findings have now 
ben confirmed by several‘other groups,- and the func- 
cnal consequences of differential suppression of the vas- 
czar and alveelar components of rejection, namely de- 
creased ventilation with sustained perfusion, have now 
been substantiated by ether functional and hemodynamic 
studies.*! 


Prevertion ef Lung Homograft Rejection 


Although one patient who survived six months and an- 
other who survived two months after transplantation had 
mimimal eviderxe of rejection in their transplants at the 
tame of their death,” homograft rejection remains a ma- 
jar unresolved problem blocking the way to widespread 
Smecess in clineal lung transplantation. Two series of 
faets support this. First, rejection has been a major cause 
oč the poor results with human lung transplantation. This 
wes not fully recognized until it became known that lung 
hemograft rejection in immunosuppressed recipients 
could produee en atypical histclogic appearance charac- 
temized by fibrnous alveolar exudates containing des- 
qaamated pneumocytes.'-** As already noted, these alveo- 
lær manifestations zould be observed in immunosup- 
pressed recipients without the verivascular infiltrates of 
necnonuclear cels or vascular manifestations that were 
previously consilered the hallmark of rejection.'*?* Such a 
peeponderance ef the alveolar manifestations of rejection 
cedd produce irapaired transplant ventilation without de- 
creasing its bloed flow. This sort of ventilation-perfusion 
imbalance would result in large-scale venous admixture, 
arterial hypoxemia, and death. This is precisely what has 
been observed in many emphysematous patients who re- 
ceived single lung transplants.™**» Until recently, this 
fatal ventilatioa-perfusion imbalance and the ensuing 
pear results witn single lung transplantation in emphy- 
sema had been blamed on the physiologic setting of an 
emohysematous lung in parallel with a transplanted 
lunz.*~** On this basis, bilateral procedures have been 
wely deemed necessary if lung transplantation is to be 
use] to treat emphysematous patients. However, prelimi- 
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nary laboratory studies and experience in two patients,” 
have led us to believe that the fatal ventilation-perfusion 
imbalances that have been observed in such patients are 
due more to rejection or other infiltrative processes in the 
transplant than to the physiologic setting. Thus, we con- 
clude that more effective methods of immunosuppression, 
not bilateral procedures, are needed to prevent these 
imbalances. 

Second, presently available immunosuppressive regi- 
mens that use azathioprine, corticosteroids, and perhaps 
antilymphocyte globulin have only a limited ability to pre- 
vent lung homograft rejection and its functionally impor- 
tant consequences in an outbred population.” Moreover, 
these regimens are nonspecific and toxic. They undoubt- 
edly contributed to the infection and poor bronchial heal- 
ing that resulted in the death of several of the longest sur- 
viving lung transplant recipients.'*-**** Thus, safer, more 
effective, specific immunosuppression is needed. Perhaps 
systems that produce so-called tolerance will achieve this 
goal. In this regard, some success with lung allotransplan- 
tation has already been achieved in inbred populations of 
dogs using leukocyte typing techniques and bone marrow 
transplantation in supralethally radiated animals prior to 
transplanting the lung.” 


Diagnosis and Reversal of Rejection 


We have noted in two patients that lung homograft re- 
jection could be diagnosed with reasonable certainty in 
most instances on the basis of the sudden onset of dysp- 
nea, malaise, increased temperature, decreased arterial 
oxygen tension, and alveolar infiltrates on plain chest 
roentgenograms in the absence of any change in the 
Gram stain examination of the sputum.™:*? We have also 
noted that all these presumed manifestations of rejection 
could be reversed by several 1-gm bolus doses of methyl- 
prednisolone given intravenously every 12 to 24 hours.” 
Similar rejection episodes in canine lung homografts could 
also be reversed by comparable pulsed doses of methyl- 
prednisolone. However, in the experimental situation, un- 
like the human experience, the presumed rejection epi- 
sodes and their reversal were confirmed by repeated 
biopsy and histologic examination of the transplanted 
lungs.” 

We consider the ability of methylprednisolone to re- 
verse, within hours or days, all the manifestations of even 
advanced lung homograft rejection to be most interesting. 
The mechanisms of this dramatic and apparently com- 
plete reversal of rejection certainly should be investigated 
carefully, since they may provide clues leading to more ef- 
fective and safer methods of immunosuppression. In addi- 
tion, the availability of such an effective agent for revers- 
ing rejection creates a need for methods that will allow 
the diagnosis of rejection earlier and with greater accu- 
racy than is currently possible. Present methods, although 
reasonably accurate, are not infallible, and earlier diag- 
nosis might allow effective treatment with smaller 
amounts of potentially harmful agents. Work in our labo- 
ratory indicates that histologic examination of needle 
biopsy specimens (S.K.K., J.W.C. Hagstrom, MD, and 
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F.J.V.,‘unpublished data) or cytologic examination of al- 
veolar lavage fluid (S. Blümcke, MD, S.K.K., and F.J.V., 
unpublished data) may be helpful in providing earlier, 
more accurate indicators of rejection. 


Bronchial Anastomotic Problems 


These include leakage, stenosis, hemorrhage, and muco- 
sal necrosis leading to aspiration pneumonia. Such prob- 
lems have contributed to the death of many of the human 
lung transplant recipients, including three of our five pa- 
tients.: These problems have generally been attrib- 
uted to ischemia of the transplant bronchus, which must 
be nourished retrograde by collaterals from the pulmo- 
nary artery. On this basis, several investigators have ad- 
vocated immediate revascularization of the transplant 
bronchial arteries by implanting into the recipient aorta a 


button of donor aorta containing the origins of the bron- 


chial arteries,“ and this procedure has been carried out 
in two patients. However, this technique adds to the 
complexity of the transplant operation and is difficult or 
impossible to perform if transplantation of the right lung 
is involved. For these reasons, we and many others have 
attempted to minimize bronchial anastomotic problems by 
other methods. These include keeping the bronchial stump 
of the donor lung as short as possible,* reinforcing the 
anastomosis with surrounding vascularized recipient tis- 
sue, and employing an intussuscepting anastomotic 
technique.‘**’ Despite the fact that these methods have al- 
most eliminated bronchial anastomotic complications in 
experimental lung transplants, such problems, which have 
sometimes become manifest in the late postoperative pe- 
riod, continue to plague human lung transplant ef- 
forts.2""* These facts justify our present beliefs that 
bronchial anastomotic problems currently represent the 
Achilles’ heel of human lung transplantation and that 
their pathogenesis is possibly more complex than previ- 
ously thought. In addition to ischemia from inadequate 
pulmonary artery-to-bronchial artery collaterals, homo- 
graft rejection, high-dose corticosteroid therapy, technical 
factors such as size discrepancy between recipient and do- 
nor bronchi, and delayed ingrowth into the transplant of 
recipient bronchial arteries may also be factors involved 
in imperfect bronchial anastomotic healing. Studies to 
clarify the importance of these factors and to provide 
methods for overcoming them are needed if human lung 
transplantation is to become successful. 


Donor Lung Availability 


In the last five years, we have performed five human 
lung transplants. During this time, at least 15 other pa- 
tients with terminal chronic pulmonary disease have died 
in our hospital while awaiting lung transplantation. This 
emphasizes the difficulty that we have had procuring suit- 
able donor lungs, despite the fact that we have mounted 
an active donor procurement program to provide approxi- 
mately 150 kidneys for a busy renal transplant service. 
There are several reasons that make it more difficult to 
procure usable donor lungs than it is to obtain other or- 
gans for transplantation. First, despite progress in the 
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preservation of other organs, no method has as yet been 
proved effective in the preservation of lungs for trans- 
plantation.**** Although some experimental work would 
indicate that short periods (up to four or five hours) of do- 
nor lung ischemia may be compatible with good immedi- 
ate function after transplantation,’****°’ these results 
may not be applicable to human lung donors. In the clini- 
cal setting, the probability of premortem damage to the 
donor lung is high. Such damage may act synergetically 
with minimal ischemic injury to prevent a human lung 
transplant from providing adequate early function.” Thus, 
ischemia of human lung transplants should be held to an 
absolute minimum to maximize the chances for good im- 
mediate transplant function so necessary to the survival 
of the recipient. It is, therefore, mandatory that lung do- 
nors die a neurologic death and that their cardiac action 
be stable enough that the recipient can be prepared and 
operated on before the donor lung is removed. To min- 
imize ischemia, it is also necessary, in our opinion, that the 
donor and recipient operations be performed in the same 
hospital. This often requires transfer of the donor, which 
necessitates additional periods of maintenance of the do- 
nor’s circulation and makes it especially difficult to obtain 
family permission for use of the donor’s organs. 

Second, the incidence of pulmonary pathologic findings, 
particularly infection, in donors who fulfill these stringent 
requirements is extremely high. This is probably due to 
the prolonged period of tracheal intubation that all poten- 
tial lung donors are certain to have had, although other 
factors relating to their acute cerebral damage or disease 
may be involved. In addition, pulmonary edema is com- 
mon in potential lung donors since they require large 
volumes of fluids to maintain their cardiac and renal 
function. This edema can be rapidly reversible after trans- 
plantation (F.J.V. and S.K.K., unpublished data), although 
it must be differentiated from pneumonia before the lung 
can be used as a transplant. We have found the Gram 
stain bacteriologic examination of the sputum helpful in 
this regard, although such differentiation may be impos- 
sible in some instances (S.K.K. and F.J.V., unpublished 
data). In these instances, the transplant cannot be under- 
taken. In addition to being free of substantial acute pul- 
monary pathologic findings, the donor lung must not be 
involved with any chronic disease process that might im- 
pair its function after transplantation. We have found 
that a normal chest roentgenogram and normal arterial 
oxygen tensions while the donor is being ventilated with 
ambient air have ruled out substantial chronic or acute 
disease processes with reasonable certainty in our lung do- 
nors (S.K.K. and F.J.V., unpublished data). This is not a 
common state of affairs in prospective donors, and we 
have had to repeat these examinations after instituting 
measures to overcome atelectasis, pulmonary edema, and 
other reversible pulmonary processes before being-able to 
make the decision to use several of our lung donors. 

Third, the donor and recipient must have hilar struc- 
tures of compatible sizes. Although some difference in the 
size of the pulmonary vessels can be accommodated, the 
donor bronchus, as measured on plain chest roentgen- 
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osrams, should be equal to or only slightly smaller than 
tae reeipient broncrus. A donor lung that does not fit 
tuese criteria cannot be used. 

Fourth. the conor and recipient must be of compatible 
eod groups, and tke recipient must not have cytotoxic 
attibedies to donor leukocytes present in his serum. 

Beeause of these requirements that make adequate do- 
ror lengs so-dificult to procure, it is important that inves- 
tsrateons be undertaken to provide methods for increasing 
taeir number. To this end, it would be helpful to have a 
t-chnique that would provide short-term (four to 24 hours) 
lung preservation without impairing lung function imme- 
datey after transplantation. Although no such method 
has yet been developed, work in our own laboratory” and 
that ef Noirclerc”' offers promise for the future. These in- 
vestigations incicate that lungs preserved at 4 C for eight 
te 24 hours after flushing with a hypertonic solution hav- 
irg an electrolyte content resembling intracellular 
flaid® may be able to provide total immediate function 
a ter transplancatior. In addition, the development of ef- 
fective methode for overcoming xenograft rejection would 
preville the ultimate solution to the problem of donor lung 
a~ailebility. 

Relationship of Lung Transplantation 
to Long-Term Assisted Oxygenation 


Reeently, membrane oxygenators have been used suc- 
cessfully to previde supplementary oxygenation for pa- 
tents with acuze respiratory irsufficiency for periods up 
tc tw» weeks.” * The relationship of lung transplantation 
tc sudh systems of subacute extracorporeal artificial oxy- 
g-nation remains to be precisely defined. Almost certainly 
the twe modali-ies of treatment will be complementary. 
Partial bypasses employing membrane oxygenators may 
be useful to swoport lung’ transplant recipients through 
cmtical periads.ef transplant functional insufficiency. Sim- 
ilarly patients who eannot survive withdrawal of extra- 
cceporeal support after several weeks may be candidates 
fæ lung tramspantation. 


Conclusions 


From the foregoing discussion, it is obvious that many 
camplex problems must be solved before widespread suc- 
ces in therapemtic lung transplantation becomes a real- 
it= However, none of these prcblems is insurmountable. 
Censiderable pregress has alreacy been made toward solv- 
ina many of them, and the existence of promising new av- 
erues of investigation appears z0 bode well for the solu- 
tien o° others. Thus, despite the somewhat disappointing 
humaa experience to date and despite the large number of 
ceaplex problems that must be overcome, the prospects 
ar excellent that increasing success with human lung 
transplantation will be achieved in the future. 
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Fibrinogen in Liver Disease 


E. Nigel Wardle, MA, MB, MRCP 


A radiofibrinogen catadolism study was performed in 42 patients 
with liver disease to study the changes that occur in obstructive 
jaundice and to campare the situation with that in portal cirrhosis. 
Highest fibrineger catatolism rates were found in cholangitis and 
lrer contusion. Ircreased fibrinogen catabolism occurred in portal 
c#rhosis and in okstruct on, and there was increased fibrinolysis in 
tře former and reduced fibrinolysis in the latter. Reasons for in- 
creased fibrinczer catabolism include liver cell necrosis and, more 
cemmenty, endotcxemia or even overt infection. Results of endo- 
texin assays suggest that endotoxemia plays an important role in the 
intravascular coagalation of liver disease. 


he role of =he liver im the regulation of fibrinol- 
ysis has been known for a long time.’* Patients with 
crrhosis have iacreased fibrinolytic activity, presumably 
dae to decreasee clearance of plasminogen activator.‘ Re- 
cently a debate developed as to whether intravascular co- 
agulation with secordary fibrinolysis or, on the other 
hand, primary ibrinolysis, is concerned in the hemor- 
rkagic diathesis of some patients with cirrhosis.*° For 
this, the newly ntrocuced radioactive fibrinogen catabo- 
lism study’ was applied by Blomoack et al* and Tytgat et 
al” Tytgat et a. demonstrated that increased fibrinogen 
catabolism in partal cirrhosis is related to the extent of 
liver involvement and the size of the spleen. Meanwhile, 
Fate etal” proGaced evidence for the occurrence of intra- 
vascular coagula ion after liver transplantation and in sit- 
uations in which there is liver cell necrosis.'' Wardle and 
Weight’’ have saown in an experimental situation that 
ermotoxemia in «bstructive jaundice causes intravascular 
coagulation asso-iated with the production of renal fail- 
ure. This study stems from the latter observation and so 
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presents results of fibrinogen catabolism studies in pa- 
tients with particular emphasis on obstructive jaundice, 
and also on the relation of the findings to endotoxemia. 


Methods 


Forty-two patients with liver disease and 24 control patients 
(most of whom were part of another investigation’) were studied. 
Among the patients with liver disease were ten with portal cir- 
rhosis, two with direct liver trauma, and two with damage due to 
acetaminophen toxicity. There were also patients with obstruction 
due to stone, carcinoma of the pancreas or liver metastases, cholan- 
gitis, or cholestatic hepatitis. Each patient gave consent for the 
study. Prior to commencement, the thyroid was blocked by oral 
administration of sodium iodide (100 mg, three times a day), and 
this was continued for three weeks. '*I-fibrinogen was used at a 
dose of 50 microcuries for each patient. Since an ampu! contains 
100 microcuries, two patients were studied on each occasion, one 
being a control and the other supposedly abnormal. Such fibrino- 
gen, it is to be emphasized, is obtained from a screened SH-anti- 
gen negative donor. In the case of patients undergoing eperation, 
fibrinogen was injected on the fourth or fifth day beforehand; in 
the case of patients with known renal impairment, the ** I-fibrino- 
gen was combined with 30 microcuries of sterile free radioactive 
iodide "I. After injection of a known amount of activity, a 
plasma sample at 15 minutes was used to calculate the patient's 
plasma volume by isotope dilution principle. Thereafter plasma 
samples were taken every six hours for the first 48 hours, and 
thereafter twice daily, but more frequently around the time of op- 
eration. Coincident 24-hour collections of urine were mace; hence, 
using the method of McFarlane, catabolic rates could be calcu- 
lated from plasma decay and urinary excretion of liberated iso- 
topic iodide. The activity of the separated fibrinogen (**I) and of 
the free radioactive iodide ("I and ‘“I) were counted in each 
sample and the “clottability” determined by the method of Re- 
goeczi.'® Plasma fibrinogen on each sample was measured by the 
method of Ratnoff and Menzie."’ 

Fibrinogen Calculations.—-Knowing the body weight, plasma fi- 
brinogen, and calculated plasma volume, the mass of intravascu- 
lar fibrinogen could be calculated as milligrams per kilogram of 
body weight. The counts of isolated plasma fibrinogen were 
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plotted on a semilogarithmic scale against time in hours from the 
injection. Plasma fibrinogen counts decline rapidly at first, during 
a phase of equilibration with the extravascular compartment of 
some 40 hours; thereafter the second phase of the radioactivity de- 
cay remained constant over days. From the second phase expo- 
nential decay, the half-life of the ‘“I-fibrinogen was calculated 
and the fractional catabolic rate (FCR) was calculated from the 
following formula: 


FCR (percent per day) =(0.693/I« [in hours]) x 24x 
(100/intravenous fraction [%]). 


This analysis depends on a three-compartmental distribution as 
defined by Matthews." By extrapolation of the second exponential 
component, the percentage of labelled fibrinogen that remained in 
‘the intravascular compartment was also calculated. 
The FCR is the most important index for assessment of 
r changes in fibrinogen catabolism, being that percentage of the in- 
‘ travascular fibrinogen pool that is catabolized each day. A similar 
value can be obtained from the urinary 24-hour isotope activity di- 
vided by the mean plasma activity for that day, according to the 
formula of Pearson et al.'* The latter is dependent on complete 
urine collections by the patient; a correction can be applied for 
. poor glomerular filtration by the double-isotope technique.’ Even- 
tually, knowing the FCR% and the plasma fibrinogen pool, the ab- 
solute catabolic rate (ACR) of total fibrinogen catabolized can be 
found as the product.” 

Other Methods.—The euglobulin lysis time (ELT) was measured 
by the method of Menon et al’ as the measure of fibrinolytic ac- 
tivity. Serum fibrin degradation products (FDP) were taken from 
whole blood collected in tubes containing thrombin and aprotinin 
(Trasylol) and estimated by the tanned red cell hemagglutination 
inhibition technique of Merskey et al.” 

Endotoxin in plasma, and in many cases in platelets as well, was 
measured by the chloroform extraction technique of Levin et al, 
as modified by Yin et al for detection of picogram quantities. 
The use of this assay for detection of endotoxin bound to platelets 
has been described by Das et al.** A semiquantitative assay was 

E. used based on the time to achieve gelation of the Limulus lysate.” 








Results 





various patient groups are given in Table 1 and the endo- 
toxin studies in Table 2. In the control patients, the fibrin- 
ogen half-life was 95.3 + 5.4 hours, with 86.4% + 8.0% of 
the injected dose remaining in the intravascular compart- 
ment, and the FCR was 21.8% + 3.4% of the intravascular 
fibrinogen pool per day. This FCR value, being the index 
of the fibrinogen breakdown rate per day, is the best 
means of assessment of the breakdown rate of fibrinogen; 
its values have been calculated by graphical resolution of 
A the plasma fibrinogen decay curve and from the mean uri- 
3 nary excretion of liberated iodide. In general, these values 
were in agreement. No patient in the series was known to 
have venous thrombosis. 

z The ten patients with cirrhosis all showed increased fi- 
E> brinogen catabolism as seen from the mean half-life of 
E 53.6 hours, together with the increased FCR of 39.6%. Two 
of these patients were in hepatic coma and their FCR was 
higher. Since the plasma fibrinogen pool was on the lower 
side of normal, the ACR for this group was not greatly ac- 
centuated. Mean serum FDP levels were, however, dis- 
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tinctly elevated and this is in part explained by the in- 
creased ELTs, indicative of increased fibrinolysis, that is 
the feature of these patients. 

By contrast, patients with obstructive jaundice or cho- 
lestasia had ELTs well below the normal range. The pa- 
tients with obstructive jaundice due to carcinoma of the 
head of pancreas were all studied before and after op- 
eration. The FCR calculated from graphical resolution 
showed quite marked elevation, with a mean of 35.8% even 
before operation, and only in three of ten patients was 
this increased postoperatively. These were patients with 
postoperative endotoxemia. The standard operation was 
in fact a palliative cholecystenterostomy. The plasma fi- 
brinogen was increasing at the time of study in some of 
these patients and in all in the postoperative phase. When, 
therefore, as in Fig 1, the counts were plotted as "specific 
activities,” that is, counts corrected per 100 mg of fibrin- 
ogen, then the dilutional effect of increasing fibrinogen 
synthesis was revealed. Patients with liver metastases 
showed a similar increase of fibrinogen catabolism, the 
mean half-life being 64 hours and the FCR 34.2% of the in- 
travascular fibrinogen pool per day; these patients also 
had reduced fibrinolysis. 

In retrospect, it was found that five patients with ob- 
struction who underwent a complete radioactive fibrino- 
gen catabolism study, had a stone in the common bile duct. 
The half-life of the radioactive fibrinogen was reduced in 
all cases, and the FCR% was accordingly high; again, fi- 
brinolysis was depressed. In one of these patients with 
stone the FCR was 44.6% before operation; this reverted 
to a normal value of 26.6% afterward. In three patients 
the FCR% was unchanged, being 41.2%, 41.0%, and 64.0%, 
respectively. In the last patient, whose course is depicted 
in Fig 2, the FCR was only slightly increased with a half- 
life of 70 hours before operation; this increased to 65.0 
hours postoperatively. The likely explanation is shown by 
the concurrent estimations of plasma and platelet endo- 
toxin, which demonstrate that low levels of endotoxemia 
were present prior to operation and that these increased 
with the production of fever in the postoperative phase. 

In the presence of cholecystitis, endotoxemia was unde- 
tectable, but all such patients were on a regimen of anti- 
biotics from the time of admission. Only one such patient 
underwent a complete radioactive fibrinogen study and 
the turnover was somewhat accelerated with an FCR% of 
31.9%. However, all four patients with cholangitis had de- 
tectable endotoxin; in two a radioactive fibrinogen study 
had been performed and each showed increased catabo- 
lism with FCR values of 48.4% and 32.8%, respectively. Not 
surprisingly, a patient with biliary cirrhosis who had a 
pericolic abscess had intermittently positive tests for en- 
dotoxin, and even when studied during a quiescent phase 
had a shortened fibrinogen half-life of 72.5%. More dra- 
matically, a patient with Pseudomonas septicemia who de- 
veloped severe jaundice and acute renal failure had a very 
reduced fibrinogen half-life of 30.0 hours. 

The patients with virus hepatitis, five of whom had bio- 
chemical evidence of cholestasia (Table 1), all had a mild 
increase of fibrinogen catabolism. Of particular interest 


Fibrinogen in Liver Disease/Wardle 





i~ = 24) 


atient No. of 
Categor Patients 


Přæperatime 
éstructhon 
Pe=operatwe 


struchon 


Crmosis 
Cacecystits 
Cac angitis 
Hepatic coma 
Hertorenal 


f ilure 


No. of 
Estimations 


Table 1.—Results of Fibrinogen Catabolism Studies in Liver Disease 


FDP, Intravenous Fibrinogen Catabolism, Euglobulin 
Sategor7 ug/ml Half-Life, hr fraction, % FCR, % Pool, mg/kg mg/kg/Day Lysis, Units 
Cimraosis 25.0 S316 212.7 82.5 39.6 + 10.0 103 +35 38.1 + 15.0 96.9 + 13.6 
(4 = 10 p - 
Obs ructior: 12.5 67.2 + 10.7 71.0 35.8+=11.8 243 + 22 69.7 © 11.7 16.8+2.8 
Neoplasm in 
pancreas 
(1 = 9) 
Obsructior: 18.0 64.0 + 21.3 78.7 34.2 4 8.8 264 + 91 67:1 = 17.6 16.6 
sS-condares 
(a=4) 
Obsaruction 22.0 51.0 £122 74.2 43.5.> 128 168 + 128 58.4 + 31.6 19.4 
‘be stone 
(a=5) 
Choestatie 10.0 73.2 +£ 25.8 76.1 30.8 + 8.1 172 + 58 47.0 £ 15.3 20.0 
hepatitis 
{E = 6) 
Pas®perative 12.5 50.0 ~90.0 84.5 32.7 21.8 125 49.5 —30.0 
ī patitis ! 
Live trauma 160.0 36.0 71.0 64.4 100 56.0 ve 
30.0 52.0 80.0 40.0 216 72.5 18.0 
Acetaminognen 80.0 40.0 95.0 43.7 93 40.7 
5.0 85.0 79.0 24.7 152 37.6 ce 
Cho angitis 80.0 42.5 81.0 48.4 320 144.0 16.9 
Zi, 65.0 78.0 32.8 206 67.5 hoe 
| ChoEcystitis 20 67.5 81.0 31.9 180 54.7 5, 
Cirtosis 30 72.5 73.0 31.4 386 121.0 18.2 
wh colic 
abscess 
Jaurdice: 80 30.0 84.0 65.8 334 186.0 18.0 
sticema 
Norr al <10.0 95.3+5.4 86.4 = 8.0 21.8234 100 — 300 25 — 35 40 — 100 
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Table 2.—Limulus Assay on Plasma of Patients With Jaundice 


% of No. of % Meen 


Positive Patients Positive Endotoxin 


was one patieat listed in Table 1 who developed cholestat- 
ic hepsftis ome week after operation and was thought to 
hawe “postoperative Lyperbilirubinemia” as described by 
Keatrowitz et al.’ Halothane exposure could not be impli- 
cated. "he in tial half-life of the radioactive fibrinogen 
wes 68.9 hours, but after one week this settled to 90.0 


heurs. 


‘Two patien were studied who had had liver contusion. 
F gure 3 illus-rates tie course cf a patient whose study 
was commenced two days after his initial reparative oper- 
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Estimations Positive Patients Levels, ng/ml 
23 0.3+0.2 





ation for contusion of the liver consequent on a erush in- 
jury. At that time he had acute respiratory and renal fail- 
ure. After the equilibration time, the fibrinogen half-life 
was accelerated at 36 hours and, four days later at the 
time of a second laparotomy for positioning of drains, dur- 
ing which the necrosed liver was manipulated, pronounced 
defibrination occurred, and this was accompanied by very 
low prothrombin values and a rise of free serum iodide in- 
dicative again of very accelerated fibrinogen breakdown, 
A similar patient with liver contusion following a traffic 
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Fig 2.—Obstructive jaundice stones; cholecystectomy. Note accel- 
erated catabolism postoperatively corresponding to increased endo- 
toxemia. 


Tya =36.0 hr 


% Radioactive fibrinogen 
injected (log scale) 


Ty =15.0 hr 


Laparotomy Ty, =45.0 hr 


Free iodide, % 0.32 0.54 0.76 1.07 1.83 


Prothrombin, % 


Fig 4.—Acetaminophen overdose. Radioactive fibrinogen cata- 
bolic study in course of acetaminophen liver necrosis shows marked 
increase of catabolism with associated high serum FDP levels and 
appreciable endotoxemia. 
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Fig 1.—Obstructive jaundice due to pancreatic carcinoma. Plasma . 
counts as isolated ‘‘clottable fibrinogen” used to calculate FCR in 
patient with obstructive jaundice due to pancreatic carcinoma. For 
comparison, drawn on the same scale but expressed as counts per 
100 mg fibrinogen, is “specific activity’: this shows more rapid de- 
cay, owing to dilution by newly synthesized fibrinogen. 
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Fig 3.—Fibrinogen catabolism after liver trauma. Radioactive 
fibrinogen catabolism study shows increased catabolism following 
liver contusion and marked defibrination at time of manipulation of 
necrosed liver. 


100 
% Radioactive fibrinogen 


injected (log scale) 67 


60 80 100 
25.0 80.0 140 


Hours 20 
Serum FDP, wg/mi 10.0 


Plasma endotoxin, 


ug/ml 0.0001 0.0004 0.0003 0.0003 


Fibrinogen in Liver Disease/ Wardle 


a 
| , 
—- 


secideat, who develeped hyperbilirubinemia and a raised 
alkaline phosphatase level,” likewise had a fibrinogen 
aalf-lite of only 52.0 hours. Serum FDP values were very 
aigh iz both patients, and in the first patient low levels of 
=ndotcxemie developed later. 

‘Anccher ferm of liver necrosis that can be briefly illus- 
-ratedby rezerence <0 two cases is that due to acetamino- 
shen everdesage. The severe case is illustrated in Fig 4 
and shows Wigh FDP values, a much curtailed fibrinogen 
-alf-li "e of 40.0 hours, and also substantial levels of endo- 
-oxem_a. Ths patient died, but the second patient with 
sear-rormai fibrinogen survival recovered. In this latter 
ease, po endotoxemia was found. 

A semopsis of the results of the endotoxin assay is pre- 
sentec in Table 2. The pertinent findings were that a 
quarter of patients with obstructive jaundice showed in- 
-armitent lew levels of endotcxemia but that postopera- 
sively zhe assay became positive for one or two days in 11 
ef 15 patien-s. Whereas before operation the positive re- 
sults vere obtained from platelets,” after operation both 
slasm. and platelets were positive. The course of such a 
zatie is illastratec in Fig 2. As mentioned, three of ten 
satienes with obstruction showed postoperative accelera- 
-ion of fibrinogen cazabolism ard these were patients with 
Sesitiwe encotoxin assays. Patients with cirrhosis had 
negative endotoxin assays in peripheral plasma; two who 
zad pGitive reactions were one with bleeding esophageal! 
arice. and the other with biliary cirrhosis and a pericolic 
abscess. Bota patierts with hepatorenal failure had per- 
sisten- ende-oxemia. 

Patents with cholecystitis had negative assays, but 
“our p-tients with cholangitis had positive values in spite 
ef ant biotic therapy. Of the three patients with hepatic 
eoma, -wo w2re due to acetaminophen toxicity (one being 
‘lustr=ted ir Fig 4) and one due to alcoholic cirrhosis. All 
-hree «f these patients had persistent endotoxemia, and 
-hose ~who hed a fibrinogen study showed markedly accel- 
erated catabolism. 


Comment 


Endstoxenia could, in theory, account for some of the 
associctions of liver disease, in particular the association 
ef por-al cirrhosis with disseminated intravascular coag- 
elatior and thrombecytopenia,** which appears to occur 
principally within the portal circulation. It is unlikely that 
the acelerased fibrinogen catabolism of these cirrhotic 
patien-s is due to primary fibrinolysis, for then an alterna- 
tive explana-ion would be required for the thrombocyto- 
penia. In fact the erdotoxin assay taken from peripheral 
blood was net positive in most of the cirrhotic patients, 
but ony in the one with bleeding varices. However, it is 
pow kpown that patients with cirrhosis have high titers of 
entibollies te Escherichia coli} suggesting therefore 
that sech organisms or their products continually enter 
the po-tal ci-culation. Either portal endotoxemia or bac- 
teremia could adequetely account for the intravascular co- 
egulataon. The failure to note a pyrogenic response is not 
Gissuasive, fer endozoxin presented to the Kupffer cells 
Girectl* via the portal vein need not evoke pyrexia.” The 
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positive endotoxin assays obtained in the patients with 
cholangitis, obstruction, and hepatic coma all lend cre- 
dence to this view, but further work is required in portal 
cirrhosis. 

There is no doubt that a variety of factors predispose to 
renal failure in the presence of obstruction.’ These in- 
clude hyperbilirubinemia, elevated serum bile acids, and, 
as we? have demonstrated in the rat, a predisposition to 
the Shwartzman reaction in the presence of obstructive 
jaundice. It is therefore of note that both patients with 
hepatorenal failure had endotoxemia and also that in an 
independent study a 70% incidence of endotoxemia has 
been found at the onset of a variety of types of acute re- 
nal failure.*? Both the patient with crush injury (Fig 3) 


and severe acetaminophen toxicity (Fig 4) had endotox- 


emia. 

The defense mechanisms against endotoxin are not com- 
pletely understood.’ It would appear that the reticu- 
loendothelial cells, which include the Kupffer cells, are nec- 
essary to combat bacteremia, but that inhibitor factors in 
plasma, particularly esterases associated with a- and £- 
lipoproteins, are required for the neutralization of endo- 
toxin.* Since this initial neutralization may be reversible, 
final inactivation may still depend on the spleen and 
Kupffer cells. 

This investigation started as a study of fibrinogen ca- 
tabolism and of fibrinolysis. That fibrinolysis is increased 
in portal cirrhosis is well known; this has been attributed 
to diminished inactivation of plasminogen activator by 
the liver but if, as is apparent from the results, intra- 
vascular coagulation also occurs, then this is further sup- 
port for the idea of secondary activation of fibrinolysis.’ 
Inhibition of fibrinolysis in obstructive jaundice is also 
quite well known, but has been recently reemphasized by 
Jedrychowski et al. The effect may well be due to the 
raised lipoprotein levels of obstruction, since lipoproteins 
are fibrinolytic inhibitors.” We are at present investigating 
the inhibitory potential of the specific lipoprotein x of 
cholestasia. Of greater importance is the fact that the 
coincidence of intravascular coagulation with fibrinolytic 
inhibition is a dangerous situation that carries the risk of 
permanent tissue damage from fibrin thrombosis.'*’*"* 

It is particularly relevant to note that endotoxemia 
causes not only intravascular coagulation but also, when 
extreme, fibrinolytic inhibition on account of the dam- 
aging effect of endotoxin on vascular endothelium. Endo- 
toxins are powerful procoagulants by virtue of activation 
of coagulation factors XII and VII, activation of both 
pathways of complement activation, and also release of 
platelet factor 3 from damaged platelets. There is now no 
doubt that septicemia in man is accompanied by dis- 
seminated intravascular coagulation™° and that this can 
be a factor in causing acute renal failure.'*'"**' 

Figure 1 has been used to illustrate the fact that the in- 
terpretation of the fibrinogen catabolism study ts fraught 
with problems that can, however, be resolved by continual 
knowledge of the clinical state of the patient. When, as 
often happens in the postoperative state or even in severe 
infection, the liver synthesis of fibrinogen is stimulated, 
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then analysis of “steady-state kinetics” no longer applies, 
and catabolic rates must be calculated from the amount of 
radioactive iodide released into the urine. Thus in Fig 1, a 
rising plasma fibrinogen value is reflected in a dilution of 
the “specific activity” of the isolated fibrinogen. This situ- 
ation is often found postoperatively, and may give rise 
to a false impression of accelerated catabolism. Care has 
been taken in all the results quoted to ensure that the cat- 
abolic results are indeed valid. 

The general thesis, therefore, is that a normal en- 
terobiliary passage*’ of small numbers of organisms is ac- 
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centuated, so as to give endotoxemia from the bowel in 
portal cirrhosis and in obstructive jaundice from the di- 
lated bile ducts. Operative manipulation may make the 
situation worse. The endotoxemia is the explanation for a 
low-grade intravascular coagulation. A normal liver plays 
the main defensive role, and this has been illustrated by 
the deterioration of events in liver contusion or severe 
acetaminophen toxicity. | 


This investigation was supported by the Scientific and Research Com- 
mittee of the Royal Victoria Infirmary, Newcastle upon Tyne, England. 


References 


_1. Goodpasture EW: Fibrinolysis in chronic hepatic insuffi- 
ciency. Bull Johns Hopkins Hosp 25:330-333, 1914. 

2. Beaumont JL, Beaumont V, Domart A: Recherches sur 
l’activité fibrinolytique spontanée du plasma dans les cirrhoses 
du foie. Rev Fr Etud Clin Biol 1:667-673, 1956. 

3. Kwaan HC, McFadzean AJS; Cook J: Plasma fibrinolytic ac- 
tivity in cirrhosis of the liver. Lancet 1:132-136, 1956. 

4. Fletcher AP, Biederman O, Moore D, et al: Abnormal plas- 
minogen-plasmin activity in patients with hepatic cirrhosis. J 
Clin Invest 43:681-695, 1964. 

5. Johansson SA: Studies on blood coagulation factors in a case 
of liver cirrhosis. Acta Med Scand 175:177-183, 1964. 

6. Hérder MH: Consumption coagulopathy in liver cirrhosis. 
Thromb Diath Haemorrh, suppl 36, pp 313-318, 1969. 

7. McFarlane AS, Todd D, Cromwell S: Fibrinogen catabolism 
in humans. Clin Sci 26:415-420, 1964. 

8. Blombäck B, Carlson LA, Franzen S, et al: Turnover of 131- 
oe labelled fibrinogen in man. Acta Med Scand 179:557-574, 

9. Tytgat GN, Collen D, Verstraete M: Metabolism of fibrino- 
gen in cirrhosis of the liver. J Clin Invest 50:1690-1701, 1971. 

10. Flute P, Rake MO, Williams R, et al: Liver transplantation 
in man: IV. Haemorrhage and thrombosis. Br Med J 3:20-23, 1969. 

11. Rake MO, Flute PT, Pannell G, et al: Experimental hepatic 
necrosis. Gut 14:574-580, 1973. 

12. Wardle EN Wright NA: Endotoxin and acute renal failure 
associated with obstructive jaundice. Br Med J 4:472-473, 1970. 

13. Wardle EN: Fibrinogen catabolism studies in patients with 
renal disease. Q J Med 42:205-219, 1973. 

14. Donato L, Vitek F, Bianchi R, et al: A double tracer method 
ee as studies with iodinated proteins. J Nucl Biol Med 1:1- 

, 1967. 

15. McFarlane AS: In vivo behavior of 131-iodine fibrinogen. J 
Clin Invest 42:346-361, 1963. 

16. Regoeczi E: Measuring the coagulability of fibrinogen in 
tea by isotopic means. Thromb Diath Haemorrh 18:276-285, 

17. Ratnoff OD, Menzie C: A new method for the determination 
of fibrinogen in small samples of plasma. J Lab Clin Med 37:316- 
320, 1951. 

18. Matthews CME: The theory of tracer experiments with 131- 
iodine labelled plasma proteins. Phys Med Biol 2:36-44, 1957. 

19. Pearson JD, Veall N, Vetter H: A practical method for 
ee albumin turnover studies. Strahlentherapie 38:290-298, 


20. Menon IS, Martin A, Weightman D: Estimation of eu- 
lobulin lysis time using a time-saving recorder. Lab Pract 
8:1186-1139, 1969. 

21. Merskey C, Kleiner GJ, Johnson AJ: Quantitative estima- 
tioa of split products of fibrinogen in human serum. Blood 28:1-18, 
22. Levin J, Poore TE, Zauber NP, et al: Detection of endotoxin 
in the blood of patients with sepsis due to Gram-negative bac- 
teria. N Engl J Med 283:1313-1316, 1970. 


746 Arch Surg/Vol 109, Dec 1974 


23. Yin ET, Galanos C, Kinsky S, et al: Picogram sensitive as- 
say for endotoxin. Biochim Biophys Acta 261:284-289, 1972. 

24. Das J, Schwartz AA, Folkman J: Clearance of endotoxin by 
platelets. Surgery 74:235-241, 1973. 

25. Cooper JF, Levin J, Wagner HN: Quantitative comparison 
of in vitro and vivo methods for the detection of endotoxin. J Lab 
Clin Med 7178:138-148, 1971. 

26. Kantrowitz PA, Jones WA, Greenberger NJ: Severe post- 
operative hyperbilirubinemia simulating obstructive jaundice. N 
Engl J Med 2116:591-598, 1967. 

27. Nunes G, Blaisdell FW, Margaretten W: Mechanism of he- 
pane cp ee following shock and trauma. Arch Surg 100:546- 
556, 1970. 

28. Bjgrnoboe M, Prytz H, Ørskov F: Antibodies to intestinal 
microbes in serum of patients with cirrhosis of the liver. Lancet 
1:58-60, 1972. 

29. Triger DR, Aid MH, Wright R: Bacterial and dietary anti- 
bodies in ive disease. Lancet 1:60-63, 1972. 

30. Greisman SE, Woodward CL: Mechanisms of endotoxin tol- 
erance: The role of the liver. J Immunol 105:1468-1476, 1970. 

31. Blendis LM: Hepato-renal disorders, in Advanced Sympa 
sium. London, Royal College of Physicians, 1972, vol 8, pp 171-181. 

32. Wardle EN: Endotoxinaemia in Patients With Acute and 
Chronic Renal Failure and in Renal Transplant Recipients. Lan- 
caster, England, International Research Communications System, 
1974, vol 2, p 1242. 

33. Skarnes RC, Rosen FS: Host-dependent detoxification of 
bacterial endotoxins, in Microbial Toxins. New York, Academic 
Press Inc, 1971, vol 5, pp 151-164. 

34. Skarnes RC: Inactivation of endotoxin after interaction 
with netya proteins of normal serum. Ann N Y Acad Sei 133:644- 
662, 1966. 

35. Jedrychowski A, Hillenbrand P, Ajduklewicz AB, et al: 
Fibrinolysis in cholestatic jaundice. Br Med J 1:640-642, 1973. 

36. Chopin SF, Beard EL: In vitro effects of lipids on fi- 
brinolysis. Thromb Diath Haemorrh 29:286-290, 1973. 

37. Wardle EN: Intravascular coagulation in acute renal failure 
assessment by radio-fibrinogen technique. Thromb Diath 
Haemorrh 29:579-591, 1973. 

38. MeGovern VJ: Shock, in Sommers SC (ed): Pathology An- 
nual. London, Butterworth & Co, 1971, vol 6. 

39. Wardle EN: Intravascular coagulation in infection: A study 
by radio-fibrinogen. Scand J Infect Dis 4:155-159, 1972. 

40. Corrigan JJ, Walker LR, May N: Changes in the blood coag- 
ulation system associated with septicemia. N Engl J Med 279:851- 
856, 1968. 

41. Matlin RA, Gary NE: Acute cortical necrosis: Case report — 
and review of the literature. Am J Med 56:110-118, 1974. 

42. Davies JWL, Forsberg K, Liljedahl S-O, et al: The effect of 
anticoagulants on post-operative fibrinogen metabolism. Acta 
Med Scand 194:277-288, 19738. . 

43. Kune GA: Biliary infections, in Current Practice of Biliary 
Surgery. Boston, Little Brown & Co, 1972, chap 9. 


Fibrinogen in Liver Disease/ Wardle 


é h Se what a 


=a —— 
e- a aa | ee Ss eae 
' A + = í x il Nt 





ve 
i 
-~ 


Primary Sclerosing Cholangitis 


Migwe! A. Oviedo, ML; Donald Volkmer, MD; Edward F. Scanlon, MD 


Three patieats with orimary sclerosing cholangitis confirmed by 
hnistowgic exemination were treated successfully with prolonged 
‘three to six months) common duct drainage. No steroids or anti- 
siotics were used. They are alive 14, 5, and 1% years postopera- 
tively 


rimary sclerosng cholangitis is a rare syn- 

drome of unknown cause, chronic insidious course, 
and very dificult management. It is characterized by se- 
sere chronic inflammation and fibrosis of the intrahepatic 
and extrahevatic biliary ducts. The disease usually starts 
imsidiously with chronic upper abdominal symptoms and 
sometimes progresses with the development of jaundice 
and abnorma! liver function tests indicative of biliary ob- 
struction. The diagnosis is usually made at laparotomy. 
The eonditiea runs 2 long chronic course but is often self- 
Emited. Treatment consists of prolonged choledochal 
drainage, artibioties, and corticosteroid therapy. If the 
patient does not improve or if he is mismanaged, the re- 
silt may be biliary cirrhosis and portal hypertension. 

The first Gcumen<ed case of sclerosing cholangitis was 
reported by Delbet in 1924." Since then numerous cases 
kave been reported under the title of “primary sclerosing 
eholangitis,“‘sclerosing cholangitis,” “obliterative cholan- 
gitis,’ “stenssing cholangitis,” and so on. The different 
remesreflee: the general lack of knowledge regarding the 
pathephysiology of the disease. 

Reports br Schwartz and Dale,’ Sherlock,’ Warren et 
al Thompsen et al and Glenn and Whitsell® agree on 
the d agnost criteria for diagnosis of sclerosing cholan- 
gitis: (1) absence of cholelithiasis; (2) no history of biliary 
duct surgery. (3) generalized involvement of the biliary 
duct, with fibrosis and stenosis; (4) exclusion of carcinoma 
with long-te-m follcw-up; (5) absence of associated dis- 
eases such zs ulcerative colitis, retroperitoneal fibrosis, 
regional enteritis, chronic thyroiditis, or any other gener- 
alizec process with an autoimmune or systemic inflamma- 
tery veactiom being the underlying cause. 


REPORT OF CASES 


At the Evanston Hospital, approximately 200 biliary tract oper- 
acions are per-ormed every year. Between 1958 and 1972 there 
were 2,000 biliary tract procedures performed and only two pa- 
tieats with sderosing zholangitis were found, an incidence of 
06%. A third patient was seen at the Community Hospital in 
Evanson, which completes the series of three patients presented 
im this report. 
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Case 1.—A 35-year-old black woman was admitted to the hospi- 
tal on Feb 16, 1959, with a one-week history of epigastric and 
right upper quadrant abdominal pain. On physical examination 
she was acutely ill, icteric, and afebrile. Her total bilirubin level 
was 13.2 mg/100 ml, with a 9.3 mg/100 ml direct level. 

On March 2, 1959, she was operated on, with the preoperative 
diagnosis of cholelithiasis and choledocholithiasis. The gross find- 
ings were a small fibrotic gallbladder with no evidence of stones. 
There were numerous enlarged lymph nodes in the porta hepatis. 
The common duct wall was thickened, fibrosed, and the lumen per- 
mitted introduction of only a hemostat. A biopsy specimen was 
taken from the common duct and a T tube was inserted. Histologic 
sections of common duct showed edematous collagenous tissue 
with eosinophils, consistent with sclerosing cholangitis. Histologic 
consultation was obtained, and she was referred to Memorial Hos- 
pital in New York for reexploration. Multiple sections obtained 
from the common duct confirmed the previous diagnesis of scle- 
rosing cholangitis. The T tube was left in place for three months; a 
postoperative cholangiogram showed a patent, although slightly 
stenosed, common duct. She was not treated with corticosteroids, 
and has been in good health since the operation. 

Case 2.-A 72-year-old white man was admitted te Evanston 
Hospital on Aug 26, 1968, with a short history of anorexia and 
crampy epigastric pain. His urine was dark. He had had closure 
of a perforated duodenal ulcer in 1946 and a subtotal gastrectomy 
for peptic ulcer in 1949. A cholecystectomy was performed for 
chronic cholecystitis and cholelithiasis in 1954. 

On physical examination he was jaundiced. Laboratory studies 
disclosed the following values: total bilirubin, 8.6 mg/109 ml; direct 
bilirubin, 5.2 mg/100 ml; serum glutamic oxaloacetic transami- 
nase, (SGOT), 79 international units (IU) (normal, 5 to 28 IU); se- 
rum glutamic pyruvic transaminase (SGPT) 200 IU (normal, 5 to 
26 IU); alkaline phosphatase, 13.2 IU (normal, 1 to 4 IU). The pre- 
operative diagnosis was choledocholithiasis. At operation, the cho- 
ledochal wall was thickened; there was a narrowed lumen and no 
evidence of stones. A biopsy specimen from the common duct was 
taken and a T tube inserted. The pathology report showed severe 
chronic inflammation and fibrosis in the common duct (Fig 1), with 
no evidence of malignant neoplasm. He was treated with pro- 
longed T tube drainage; no steroids were given. He has enjoyed 
good health five years after the operation. A postoperative chol- 
angiogram showed a normal biliary tract. 

Case 3.—A 59-year-old white woman was admitted to Evanston 
Hospital on Sep 16, 1972, with a short history of epigastric pain, 
nausea, and vomiting. Six months prior to this admission she had 

en admitted with similar complaints. At that time a duodenal 
and gastric ulcer were found that healed with medical treatment. 
A cholecystogram showed a poorly visualizing gallbladder with no 
evidence of stones. On physical examination she looked acutely ill. 
There was mild epigastric tenderness. Her laboratory studies 
showed the following values: alkaline phosphatase, normal; SGOT, 
55 IU, SGPT, 64 IU; serum bilirubin, normal; white blood cell 
count (WBC), 8,000 to 9,000 cu mm with an eosinophil ceunt of 8% 
to 17%. She was operated on with a preoperative diagnosis of cho- 
lelithiasis. The gallbladder contained no stones; the common duct 
wall was thickened and the lumen was narrowed. There was a cast 
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Fig 1.—Chronic inflammation and fibrosis in common duct in 
case 2 (hematoxylin-eosin, x 40). 





Fig 2.—Biopsy specimen of choledochus showing chronic inflam- 
mation and fibrosis in case 3 (hematoxylin-eosin, x 40). 


Fig 3.—Top, Postoperative cholangiogram showing narrow chole- 
dochus and intrahepatic bile ducts. Bottom, artist’s sketch of Fig 3, 
top. 


of inspissated bile within the choledochus that was removed and a 
No. 12 T tube inserted after a biopsy specimen was taken from the 
common duct wall. The histologic examination showed chronic in- 
flammation and fibrosis in the common duct (Fig 2). The postoper- 
ative cholangiogram revealed a narrow choledochus and intra- 
hepatic bile ducts (Fig 3). She had a febrile episode four months 
after the operation and was treated only with prolonged choledo- 
chostomy T tube drainage for a period of six months. She did not 
receive corticosteroids and is well 1% years after the surgical ex- 
ploration. 


COMMENT 


The incidence of sclerosing cholangitis is very low 
among patients with biliary tract history. In reviewing 
the literature,* it is obvious that there are two different 
groups of patients with sclerosing cholangitis’: the “pure” 
patient with primary sclerosing cholangitis and the pa- 
tient with a history of previous gallbladder surgery or cho- 
lelithiasis, underlying disease such as ulcerative cholitis® 
or thyroiditis, retroperitoneal fibrosis,” or plain stricture 
of the common duct. Using the strict criteria for diagnos- 
ing “pure” primary sclerosing cholangitis, there are prob- 
ably less than 100 patients reported in the literature. The 
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veperted series of sclerosing cholangitis with other sys- 
teme disease raised the number reported to approxi- 
mately 300 «a-es.'”™ The cause of this disease is unknown. 
Infection ‘eitner bacterial or viral), chronic obstruction, 
auteimmune mechenisms have all been considered, but 
none proved.'-*° 

Two of our three patients were women and one was a 
mar. Their ages ranged from 35 to 72 years. None was al- 
lergc. Two of them were jaundiced prior to surgery; none 
of taemewas eperated on with the correct diagnosis. One 
af them had a choleeysteccomy for gallstones 22 years pre- 
viously and a gastrectomy 19 years earlier for peptic ulcer. 
Theother twc had a0 stones. All of them showed marked 
fibresis and narrowing o: the choledochus. 

Ir patients with signs of extrahepatic biliary obstruc- 
ton and no History of colelithiasis, primary sclerosing 
enolangitis should be considered. However, the diagnosis 
is usually made at tae time of eeliotomy.”- The main dif- 
ferential diagnosis is wth adenocarcinoma of the bile 
duct; the later cen never be excluded unless there is 
jengterm folbw-up.*'*° Frozen section is usually not re- 
lab in this condition, end permanent paraffin sections 
are often not specific. The treatment has to be individ- 


ualized. Choledochostomy with long-term T tube drainage, 
antibiotics, and corticosteroids has been the classical rec- 
ommendation for therapy.’ Only T tube drainage has been 
used in our patients; they were not given antibiotics or 
steroids. Bypass operations are usually difficult due to the 
small size of the common duct. To combat possible auto- 
immune causes, azathioprine has been used in the treat- 
ment of this illness with indifferent results.*** Bile salts 
have been recommended to increase the bile flow in some 
cases. 

The prognosis has been classically reported’ as very 
poor in this disease; Schwartz and Dale? showed a 43% 
mortality on reviewing the literature, but their own series 
showed encouraging results. Our patients are alive 14, 
5, and 1 years postoperatively. | 

A fourth patient has since been seen; a 34-year-old man 
with primary sclerosing cholangitis was treated with pro- 
longed T tube drainage, and ampicillin was added due toa 
febrile course. 


Nonproprietary Name and 
Trademark of Drug 


Azathioprine—Imuran. 
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Editorial Comment 


Beeause the patient with sclerosing cholangitis has the initial 
symyzom of jaundice, asually without fever or pain, the primary 
differential diagnosis is ductal carcinoma. After operation, the 
pessivility ofa malignant neoplasm is excluded only by time. Oth- 
e£ report prednssone to be of definite value, and its use should be 
considered, pertacularly if the lumen of duct is very small or if 
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jaundice recurs after removal of the T tube. The authors are to be 
congratulated for having been dramatically successful without it, 
but I doubt that they intend it to be eliminated from the therapeu- 
tic repertoire for this disease. 

CARL H. MCLAUTHLIN, MD 
_ Denver 
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Ischemic Arrest vs Electrical Fibrillation 


for Myocardial Revascularization 


William G. Plested, MD; Joseph S. Carey, MD; Eugene A. Mazzei, MD 


From January 1972 through August 1973, direct myocardial re- 
vascularization by saphenous vein bypass grafting was performed in 
108 patients using ischemic cardiac arrest. One patient died in the 
hospital. There were no deaths in patients undergoing circumflex 
grafts. In order to minimize ischemic time, the operative technique 
included alternating distal and proximal anastomoses, using total 
aortic occlusion for the distal anastomosis, partial aortic occlusion 
for the proximal anastomosis, and a running suture method. Follow- 
up results indicate marked improvement in symptomatic relief; only 
one patient was not improved. This technique has proved more satis- 
factory than that of electrical fibrillation used in a previous series 
where six patients of 58 were hospital deaths. 


yocardial preservation during the time of direct 
manipulation of the heart has been a primary prob- 
lem for cardiac surgeons since the advent of cardio- 
pulmonary bypass surgery. This becomes even more im- 
portant in myocardial revascularization procedures where 
myocardial ischemia is the precipitating factor for oper- 
ative intervention. The technical nature of the vein by- 
pass operation further compounds the problem since a 
quiet field is of great importance, particularly for the dis- 
tal anastomosis. 

Numerous methods of myocardial preservation have 
popularity and staunch advocates. In various hands, more 
than one method has proved to be safe and efficient. In 
1970 the saphenous vein bypass operation was utilized by 
our group for the treatment of ischemic coronary artery 
disease. After a series of 58 patients had undergone oper- 
ation using previously described techniques, the results, 
though seemingly favorable at the time, were carefully 
evaluated. The findings were somewhat surprising and led 
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to a major modification of our surgical technique in Janu- 
ary 1972. A comparison of the operative techniques and re- 
sults from the early series and from the subsequent series 
of 108 patients operated on between January 1972 and 
August 1973 forms the basis for this report. 


Clinical Subjects: Early Series 


All patients included in the study had angina pectoris secondary 
to coronary artery disease. Patients undergoing emergency revas- 
cularization immediately subsequent to a documented myocardial 
infarction and patients undergoing concomitant valve replaee- 
ments were omitted. All patients were admitted with a history of 
angina pectoris and had coronary angiograms that demonstrated 
severe arteriosclerotic lesions involving one or more coronary ar- 
teries. Twenty-nine patients had single or double vessel disease 
and 29 had triple vessel disease. Saphenous vein grafts were per- 
formed to a single vessel in 14 patients, to two vessels in 31 pa- 
tients, and to three vessels in 13 patients. There were no instances 
in which more than three grafts were utilized in one patient. 


Operative Technique: Early Series 


The heart was exposed by means of a median sternotomy inci- 
sion, and partial cardiopulmonary bypass was achieved by cannu- 
lation of the right or left common femoral artery and of the right 
atrium. The left ventricle was vented by means of an apical can- 
nula. The greater saphenous vein in the thigh was exposed frem 
the fossa ovalis distally, using multiple incisions or a single long 
incision. The vein was harvested controlling branches with fine 
ties and the distal end marked by application of a small vascular 
bulldog clamp so that reversal of the graft could be readily per- 
formed. 

The technique of performing the distal anastomosis was some- 
what involved and subsequently underwent the most major 
changes. The coronary artery was carefully circumferentially dis- 
sected in the area selected for anastomosis, and traction sutures 
of silk were passed around the vessel above and below the point of 
anastomosis using a fine right-angle clamp. Gentle traction on 
these sutures, along with electrically induced fibrillation of the 
heart, was employed to obtain a dry quiet field for performance of 
the anastomosis. The distal anastomosis was accomplished by 
using a combination of simple and interrupted 7-0 sutures im a 
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Fig ——Follewmg placement of stay sutures and aortic cross 
< amp, sharp i acision is made directly through epicardium and coro- 
sary ar ery wäl. 


sehnicie similar to that described by Favaloro.’ The proximal 
amastomosis was-accor plished using a partial occluding clamp on 
Se ascending aerta ard a running suture of 5-0 Teflon-impreg- 
zted Bacron. 

Duri «g the per od of time that these procedures were being per- 
“med approaches to the right and left anterior descending coro- 
sary acteries were corsidered technically satisfactory. For per- 
-ermarze of grafts to the cireumflex system, it was always 
a=cessery for ar assistant to manually retract the heart rather 
sercefuily. In one case overzealous retraction caused subepicar- 
“al hematomas in the areas where the assistant’s fingertips had 
eentact=d the ventricle. In spite of conscientious assistance, re- 
wactior of the zart and exposure of the circumflex vessel was 
«=initey less than ideal. 


Results: Early Series 


In tle initia! series of patients, there were six hospital 
e2aths (Tab 1). Tke most disturbing finding, however, 
sas that all deaths occurred in patients who had under- 
sme crafts to the eireumflex system. A total of 23 pa- 
tents aad suchgrafts performed, so that the mortality for 
= patient having a e rcumflex graft was 26%. At the time 
fhese lata were reviewed, we had gradually assumed a 
wary censervatove approach to the performance of a graft 
te the circumflex system. Technically the procedure was 
c fficul., and te definite increase in risk, in our hands, 
wus ev dent. TLese results prompted a revision of our op- 
erative technique in January 1972. 


Current Operative Technique 


Operetive ineissons and exposure remain the same, with the ex- 
cption shat a sirzle long incision in the thigh is used exclusively 
fr harwesting*the saphenous vein. Caution must be used to place 
tis inesion direcly over the saphenous vein. Beveling of the inci- 
sion from the skir to the vein can give rise to substantial slough of 
=i ane subcutaneous tissues. This complication has not been en- 
cunter-d in amy Datient whose thigh incision has been accurately 
ced ever the vein. If beveling should occur at any level along 
toe inci ion, the sharp excision of the flap thereby produced will 
dow healing per primem and avoid tissue slough. 

A great dealofcare is also directed to the handling of the vein. 
Tbe vei- is hardl-d gently with the gloved hand or the adventitia 
is grased wita «traumatic vascular forceps. Ties are carefully 
paced © that narrowing by small adventitial bands is avoided. 
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The vein is not distended with heparin-saline solutions since this 
may give rise to minute disruptions of the intima. Distention of 
the graft occurs gradually when the graft is in place. In addition, 
any small venous branch that has been missed when the vein is 
harvested is readily identified and easily controlled when the 
graft is subjected to the flow of blood at aortic pressures. 

Cardiopulmonary bypass is again achieved by using a single 
large right atrial cannula for venous drainage and a common fem- 
oral artery cannula for arterial perfusion. The ascending aorta is 
used for arterial return only in patients exhibiting severe periph- 
eral arterial disease. Peripheral cannulation is preferred simply 
because it allows a greater portion of the ascending aorta to be 
available for placement of multiple grafts. 

Once cardiopulmonary bypass is instituted, the left ventricular 
vent is placed, and attention is directed to the first vessel to be by- 
passed. Preoperatively, an attempt is made to pick the coronary 
artery whose involvement in the arteriosclerotic disease process is 


of most overall significance. Attention is directed first to this ves- 


sel. No attempt is made to dissect the vessel from the epicardial 
fat. Instead, immobilization of the segment of the coromary artery 
selected for anastomosis is achieved by traction sutures placed 
widely around the vessel; 3-0 suture material with swaged-on half- 
circle round intestinal needles are used for this maneuver. These 
sutures stabilize the desired segment of coronary artery without 
any danger of damage to the artery by dissection. Isehemic car- 
diac arrest is then achieved by placement of an occluding clamp 
across the ascending aorta. A single incision is then made through 
the epicardium and vessel wall (Fig 1). The incision is then length- 
ened to 6 to 10 mm with sharp vascular scissors. Fine vascular 
dilators are then gently passed through the opened vessel in order 
to calibrate the size of the lumen. No attempt is made to dilate the 
vessel. The end-to-side anastomosis between the graft and the 
coronary artery is then accomplished using a single running su- 
ture of 6-0 polypropylene suture material. A simple suture is 
placed at the proximal end of the anastomosis using 76.2-cm 
double-armed suture material. The position of the proximal end of 
the graft is fixed by tying this suture with two to three knots. A 
running simple suture line is then begun. The assistant fixes the 
graft by grasping the adventitia of the graft opposite the last su- 
ture. The needle is placed through the coronary artery wall under 
direct vision, and the needle is passed through the vein by actual 
placement of the graft on the needle point (Fig 2). Using this 
technique, the suture line is continued to the distal extent of the 
coronary arteriotomy. At the distal end, fine, closely spaced bites 
of the artery coupled with slight more widely placed bites of the 
vein graft give rise to the “cobra-head” appearance of the distal 
portion of the completed graft. The same suture is then carried 
approximately half the way up the remaining side. At this point 
the largest dilator accepted by the coronary artery originally is 
gently passed through the distal anastomosis to ensure that there 
has been no mechanical narrowing created at this point (Fig 3). 
The second limb of the double-armed suture is then carried down 
the remaining side, and the two ends of the suture are securely 
tied. The aortic cross clamp is then promptly removed. A basic 
principle of the performance of any end-to-side anastomosis is 
that technical narrowing is most likely to occur at either end of 
the suture line. Extreme care and fine bites must be utilized at 
these points. More expeditious technique can be safely employed 
in the central portions of the anastomosis. Also, this area should 
be used for tying the two ends of the suture. 

With a little practice and expert assistance, the above series of 
steps can be routinely carried out within a period of six to ten 
minutes. In our experience, spontaneous resumption of myocar- 
dial contractions almost always occurs with release of the cross 
clamp after ischemic times of ten minutes or less. 
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Fig 2.—Simple suture is placed at proximal extent of anastomosis. 
Running suture technique is used and vein wall is carefully placed 
on needle point by surgeon. Note countertraction provided by for- 
ceps of assistant. 


Following completion of the distal anastomosis, the stay sutures 
are cut, retraction of the heart discontinued, and attention is im- 
mediately directed to the proximal aortic anastomosis. We cur- 
rently excise a small divot of aorta after the partial occluding 
clamp is applied to ensure a widely patent anastomotic orifice. 
Using 5-0 suture material, a similar running suture line is accom- 
plished between the proximal end of the graft and the aorta. On 


_ completion of this suture line, air is evacuated from the ascending 


aorta by means of a 20-gauge needle, and the partial occlusion 
clamp is removed. Augmented blood flow to the myocardium is 
then established and attention is directed to the subsequent vessel 
or vessels to be grafted. 


Results: Current Series 


Myocardial revascularization by means of saphenous 
vein bypass grafts was performed in 108 patients between 
January 1972 and August 1973 (Table 2). As in the early 
series, patients operated on for an acute myocardial in- 
faretion and patients with concomitant valve replace- 
ments were not included. All procedures were performed 
for treatment of incapacitating angina pectoris. 

There was one hospital death in this series (Table 1). 
This death occurred in a patient who had been evaluated 
and scheduled for operation on an elective basis. He was 
asymptomatic at the time of arrival at the operating 
room, however, following the induction of anesthesia, he 
had a cardiac arrest and closed chest massage was insti- 
tuted as the operation was begun. Once the chest was 
opened, most of the anterolateral aspect of the left ven- 
tricle appeared dusky and was noncontractile. The color of 
the myocardium improved following placement of grafts 
to the right and left anterior descending coronary ar- 
teries, and some contractions of the anterolateral left ven- 
tricle returned. However, he exhibited profound left ven- 
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Fig 3.—Prior to completion of anastomosis, largest dilator origi- 
nally accepted by coronary artery is gently passed through anasto- 
mosis to prove no mechanical narrowing. 





Table 1.—Mortality 





Electrical Cross 
Group Fibrillation Clamp 


Hospital mortality 6 (10.3%) 1(0.9%) 
Late mortality 3 (5.1%) 2 (1.8%) 
Total mortality 9 (15.4%) 3 (2.7%) 
















Table 2.—Number of Grafts per Patient 







No. of Grafts Single Double Triple 
Electrical fibrillation 14 (24%) 31 (53%) 13 (23%) 
Cross clamp 29 (26%) 47 (44%) 32 (30%) 









Table 3.—Follow-up 





Electrical 
Fibrillation 


49 (100%) 


Cross 
Clamp 


105 (100%) 


Group 
No. of survivors 


Asymptomatic or 
greatly improved 


Slightly improved 
Unimproved 







31 (63%) 
10 (20.5%) 
8 (16.5%) 


91 (89.5%) 
10 (9.6%) 
1 (0.9%) 







tricular failure and subsequently died a few hours after 
operation. 

Total aortic occlusion times utilized for the performance 
of distal anastomoses were recorded for each case. The 
cross-clamp time averaged 9.6 minutes for right, 9.6 min- 
utes for left anterior descending, and 11.0 minutes for cir- 
cumflex or circumflex marginal anastomoses. 

After cardiopulmonary bypass had been discontinued, 
flow measurements were taken in each graft. The mean 
resting flow and the peak mean flow following an arbi- 
trary 15-second interval of graft occlusion were recorded. 
The average mean flows obtained per graft were 77/106 
(mean resting flow in milliliters per minute/mean post- 
graft occlusion flow in milliliters per minute) left anterior 
descending, 70/85 circumflex or circumflex marginal, and 
69/96 right coronary arteries. The total mean flows per pa- 
tient were 132/160. Follow-up data indicate that postoper- 
ative results have improved substantially with current 
techniques (Table 3). 
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Comment 

Numerous methods of myocardial preservation during 
-srdiae operations kave been employed. For coronary ar- 
tery revascalarization procedures, the necessity to achieve 
sadry, quiet »perative field has led to the widespread use of 
ae duced ventricular fibrillation’ and ischemic cardiac ar- 
«est. The use of moderate hypothermia‘ and local hypo- 
-Jermia in the form of saline slush’ or cold saline irriga- 
-ën of the pericardial well is added by some surgeons. 

At the time that we began to employ the saphenous 
«ein bypass graft for the treatment of coronary artery 
4sease, elertr cally indueed fibrillation was selected by 
-ar group. The concept of continued perfusion of the fi- 
>-illating myoeardium and the avoidance of profound in- 
Saeed ischemia when one was treating ischemic disease 
seemed only I@ical. However, as our early series of cases 
Jows the achieved results were not exactly desirable (Ta- 
ses 1 and 2). In particular, the fact that all deaths oc- 
~erred in patents having circumflex coronary system 
>-afts was ef zoncern. It was apparent at operation that 
~etraction ef “he turgid, fibrillating heart provided less 
Jan ideal eczpesure of the circumflex system. This in turn 
-sused the utilization prolonged amounts of time for com- 
setion of civcumflex grafts and compounded the myocar- 
-al blbod flew-alterations that occur with induced fibrilla- 
tn. Hottearett ez al demonstrated that there is a 
Saerease in the proportion of total coronary flow that is 
2elivered to t= left ventricle during induced fibrillation.’ 
The amount of manipulation of the heart that is necessary 
xc expose the circumfiex vessel undoubtedly potentiates 
is discrepeney. 

Once a teehracally satisfactory method of accomplishing 
+e distal anastomosis in a reasonably short period of time 
wes mastered,our fears of ischemic arrest subsided. Mild 
semsion on the artery with stay sutures, continuous opti- 
-wm exposure of the anastomotic suture line, and an ex- 
>erienced assistant are considered necessities. With these 
*setors presenc, almost all of our distal anastomoses are 
-«rformed ia Ess than ten minutes and many are accom- 
-Gshed in six minuces. Total bypass times in this series 
-ave averag2d34 minutes for single grafts, 65 minutes for 
Jeuble grafts, and 83 minutes for triple grafts. Such facil- 
=; with this procecure is not overly difficult to achieve, 
-ad this has been demonstrated by similar performances 
q the hands of surgical residents. It must be stressed that 
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an optimum anastomosis is the primary goal of this tech- 
nique. Shortened operating time is only a by-product of 
the surgon’s experience and dexterity. 

In our experience, cross-clamp times of ten minutes or 
less have been extremely well tolerated. Immediately fol- 
lowing completion of the distal suture line, the clamp is 
removed and coronary circulation restored. Attention is 
then directed to the proximal suture line, which is accom- 
plished with coronary perfusion intact. Furthermore, as 
each graft is sequentially completed, the augmented flow 
afforded by the graft is added to the total coronary perfu- 
sion. It is also our practice not to perform multiple grafts 
in any set sequence, but to perform them in order of over- 
all significance as judged by the preoperative cineangio- 
grams. 

There has been no evidence of permanent myocardial 
damage following these periods of ischemic cardiac arrest. 
Furthermore, the addition of carbon dioxide endarterec- 
tomy of the distal right coronary artery prior to the place- 
ment of a vein graft has not affected morbidity or mortal- 
ity. We have found the above-described technique quite 
satisfactory and hope that some of the features elaborated 
on might prove useful for other surgeons who are experi- 
encing some technical difficulties with the saphenous vein 
bypass graft operation. 
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Mesocaval and Portacaval Shunts 
Using Panelled Bovine Arterial H Grafts 


Norman Rosenberg, MD; Stephen F. Konigsberg, MD; Joseph Noronha, MD 


Mesocaval and portacaval H grafts have been utilized for portal hy- 
pertension and its complications as a technically easier operation 
more applicable to the poorer risk patient. In this study the modified 
bovine arterial graft, with handling qualities superior to those of the 
usually employed Dacron prosthesis, was appropriately panelled to 
form tubes of 18 to 20 mm in diameter and used as interposition 
shunts in nine poor-risk patients. Long-term follow-up demonstrated 
satisfactory rehabilitation in all but one patient, who continued to 
drink. Patency of the grafts was demonstrated either angiograph- 
ically or at autopsy in eight of nine cases. 

The panelled bovine arterial graft provides a useful alternative to 
the large-bore Dacron prosthesis as an interposition or H graft in 
portal venous decompression procedures. 


pyar major advances in preoperative and postoper- 
ative management, portacaval shunt surgery contin- 
ues to carry a substantial operative mortality in the poor- 
risk patient. Among alternative procedures now under 
investigation, the interposition shunt or H graft (portaca- 
val or mesocaval) has achieved considerable popularity in 
several centers. Most investigators have utilized large- 
bore (18- to 22-mm) Dacron prostheses for this purpose.'-° 

The present study involves nine cases in which a modi- 
fied bovine arterial prothesis (now commercially available) 
was panelled to achieve the requisite diameter and uti- 
lized as an interposition graft between the portal and sys- 
temic venous systems. This material presents physical 
characteristics and handling qualities that greatly facil- 
itate its anastomosis to the thin-walled portal or superior 
mesenteric vein. 
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Patient selection in this initial series was restricted to 
those in the poor-risk category. Most were jaundiced and 
had ascites, hypoalbuminemia, and other indications ef 
poor liver function secondary to Laënnec cirrhosis. One 
patient had inoperable pancreatic carcinoma. This 52- 
year-old man had a previous biliary bypass procedure, 
and subsequently was admitted with massive hemorrhage, 
varices, and obstruction of the lower part of the portal 
vein by tumor. No cirrhosis was present. He was other- 
wise well preserved and symptom-free, and palliative shunt- 
ing seemed worthwhile. Another patient was operated on 
for uncontrollable bleeding while emerging from hepatic 
coma. All patients were observed clinically as well as an- 
giographically to ascertain the status of their shunts (Fig 
l and 2). The Table summarizes the clinical data and clas- 
sifies the patients according to Child’s criteria.’ 

Except for case 7, liver function was impaired (fair to 
poor) in all patients. However, the procedure itself was 
well tolerated. The operative deaths (cases 5 and 9) were 
demonstrated to have patent shunts at autopsy. 

A transient deterioration of liver function was noted in 
all cirrhotic patients postoperatively, to a variable degree. 
During the first postoperative week, most showed some 
increase in ascites and jaundice and a rise in liver enzyme 
levels, usually returning to preoperative levels or better 
by the end of the second week, 

Three patients developed encephalopathy within the 
first three postoperative months, characterized by mental 
confusion, disorientation, and moderate elevation of bloed 
ammonia levels. All three instances were associated with 
increased protein intake and cleared readily on conserva- 
tive management. They have remained well throughout 
the follow-up period with no further episodes. One patient 
continued to drink alcoholic beverages, yet, despite recur- 
rent jaundice and deteriorating hepatic funetion, has had 
no rebleeding. Postmortem examinations have been per- 
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Fig 1.—Left, Angiogram performed in case 2 one year postopera- 
tvely showing satent mesocaval H graft. Right, Structures shown in 


formed on two of the three patients who died during this 
study, with monstration of graft patency (Fig 3). In the 
third, pateney had been demonstrated by recent pre- 
mertem angmgram. 

The remaming long-term survivors have been com- 
pletely rehatilitated and several have returned to their 
previous oceapations. A summary of the current status of 
ail patients is preserted ir the Table. 


Comment 


Numerous nateria s hav2 been utilized as interposition 
grafts includmg Dacron ard Teflon prostheses of various 
tapes, >" autogenous,’* and homograft veins.” The 
preblems inwelved in the we of plastic prostheses in the 
systemic veneus system appear to be less severe in the 
portal system, prokably due to the high flow in por- 
tesystemic shunts. Tae use of large-bore (18- to 22-mm 
diameter) prostheses -s generally advocated to assure ade- 
quate shunting and long-term patency. 

The modified bovine gra*t has physical properties and 
handling qualities thet much more closely resemble those 
of che thin-walled veins of the portal system than the 
usual Dacron prosthesis, a fact that greatly facilitates 
anastomosis te the host vesel. It is prepared by enzymatic 
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angiogram: inferior vena Cava, IVC; superior mesenteric vein, SMV; 
splenic vein, SV. 


removal of immunoreactive proteins and subsequent tan- 
ning of the residual collagen tube. Sterilization is accom- 
plished by an ethyl aleohol-propylene oxide solution in 
which the graft is also stored." Accumulated experience 
with the bovine graft during the past 17 years has con- 
firmed its ability to function as an arterial substitute over 
a long period.'*'’ Since it does not have a true intimal 
layer, it would not be expected to remain patent as a 
venous prosthesis. However, the high-flow characteristics 
in conventional portacaval shunts and the high pressure 
gradient between obstructed portal bed and systemic 
venous circuit result in a hemodynamic situation not 
found elsewhere in the venous system. 

The operative approach utilized was similar to that de- 
scribed by others.' Panelled grafts, 18 to 20 mm in diame- 
ter were prepared by side-to-side suture of two equal seg- 
ments of modified bovine artery 10- to 11-mm in diameter 
that had been slit lengthwise (Fig 3). Panelling was made 
necessary by the fact that, at present, grafts are not 
available in diameters larger than 10 to 11 mm, although 
the bovine innominate artery can conceivably provide a 
ready-to-use prosthesis of proper size. 

The end-to-side portacaval shunt as traditionally per- 
formed requires a long and tedious dissection and pro- 
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SMV 
GRAFT 
p 
Fig 2.—Left, Angiogram performed in case 8 two weeks postoper- in angiogram: inferior vena cava, IVC: superior mesenteric vein, 
atively showing patent mesocaval H graft. Right, Structures shown SMV; splenic vein, SV. 
Fig 3.—Gross appearance of two patent mesocaval grafts. Left, mosis sites (arrows). Right, Case 9 31 days after surgery. Note caval 


Case 5 four days after surgery. Note caval and mesenteric anasto- anastomosis (bottom) and thin layer of intimal mural thrombus. 



























Case Noy Type of Bilirubin, Albumin, 

Age, yr/Sex Shurt* mg/100ml gm/100 ml Ascites 
1°46/F MC 9.2 2.5 None 
2°58/M MC 1.4 2.4 Poorly 

controlled 
3°70/F MC 1.4 2.1 Poorly 
controlled 
4°64/M PC 1.4 3.4 Easily | 
controlled 
5 °47/F MC 3.8 2.4 Poorly 
controlled 
6 68/M PC. IZ 3.5 Poorly 
controlled 
7 °52/M MC 0.6 3.3 None 
8 51/M MC 3.1 2.5 Easily 
controlled 
9 63/M MC 2.2 2.6 None 





* Mesocava shunt, MC; portacaval shunt, PC. 


Preoperative Status of Patients 


Neurological Nu- Child Clas- 
Status trition sification Shunt Status 
Confused Fair C Patent (by angiogram) at 
(precoma) 17 mo, continues to drink 
Normal Fair C Patent (by angiogram) at 
13 mo, alive and well 
Confused Poor C Patent (by angiogram) at 
(precoma) 1014 mo, condition fair 
Normal Good B Patient has rebled; shunt 
not visualized by angiogram, 
presumed closed; alive two 
years after surgery 
Comatose Poor C Died on fourth postoperative 
day; perforated decubitus 
ulcer of upper part of 
stomach at balloon tampon- 
ade site; shunt patent 
Episodes Fair B Patent (by angiogram) at 
of coma 7 mo, alive and well 
Normal Good At Died of carcinomatosis 214 
mo postoperatively; shunt 
patent on postoperative 
angiogram 
Normal Good C Patent (by angiogram) in 
immediate postoperative 
period; alive and well 
Normal . Good C Died 31 days postopera- 


tively of liver failure; 
shunt patent at autopsy 


t Pasient with pancreatic cascinora and portal vein obstruction by tumor; no cirrhosis present. 


duces a complete diversicn of hepatopetal flow, (thereby 
depriving the already damaged liver of important trophic 
substances în the portal venous blood). The theoretical 
advartages of the s.de-to-side (or double end-to-side) por- 
tacav«l shunt are more tkan offset by the added technical 
fficu ties encountered ir its performance. At times both 
oroceeures Ere precluded due to unsuitability of the portal 
vein œ to individua. varietions in anatomy such as an un- 
asually prominent cauda:e lobe or an excessively great 
distamce between the porzal vein and the vena cava. 
Several alternative proeedures are now under active in- 
vestigation in various centers. These procedures are of 
-hree -ypes: (1) proe2dures that selectively decompress the 
variceal bed without diverting portal flow, such as the dis- 
cal sp2norena! shunt desaribed by Warren et al and Sa- 
am e al'*; (2) functional side-<o-side shunts (particularly 
‘nterp sition shunts or H grafts) that, in addition, have 
she acwantage of being more distally placed in relation to 
che liser and, therefore, perhaps, carry a lower incidence 
ef encephalopathy; end (3. procedures that combine portal 
diverson wath some form of hepatic revascularization." 
Of -he funetional side-to-side shunts, three major al- 
ternatives have been suggested: (a) The standard sple- 
nerens| shuat appears to have a lower incidence of en- 
eephabpathr than a portacaval shunt. It is, however, a 
relatively small shunt and may be unable to shunt suffi- 
cient Hlood te decomoress -he portal system. In addition, it 
is technically difficult to perform and has a higher rate of 
closure.'* It does have the advantage of permitting a sub- 
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sequent portacaval shunt in case of failure. (b) The cavo- 
mesenteric shunt, originally developed by Clatworthy et 
al'* for use in children in whom the splenic vein was too 
small and the portal vein unsuitable for grafting, provides 
another approach. It avoids the problems of complete por- 
tal division. However, while division and ligation of the 
infrarenal cava is well tolerated in children, it is accom- 
panied by a substantial rate of lower extremity complica- 
tions in the adult. In addition, the extensive dissection re- 
quired to mobilize the vena cava discourages its use in the 
high-risk patient. (c) The interposition shunt or H graft 
appears to have several distinct advantages: It is func- 
tionally a side-to-side shunt and therefore need not com- 
pletely divert any residual hepatopetal flow. It is techni- 
cally easier to perform, requires less mobilization of portal 
and caval structures and, therefore, results in a shorter 
operative time with less blood loss.'* Finally, it is adapt- 
able to situations in which the portal vein is unsuitable (as 
in case 7) or in which anatomical variations preclude the 
use of direct shunts (as in case 4). 

Two additional portacaval H grafts have since been per- 
formed. One patient died five weeks postoperatively of 
complications not directly related to the shunt; post- 
mortem examination revealed the shunt to be patent with 
no evidence of persistent varices. The second patient has 
done well and has had angiographic demonstration of 
shunt patency. 

Since this article was submitted for publication, a perti- 
nent study by Kerstein et al has been published.” 
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CORRECTIONS 


Percentages Transposed.—In the article “Bronchial Carci- 
noma Treated by Adjuvant Cancer Chemotherapy,” pub- 
lished in the August ARCHIVES (109:329-333, 1974), an error 
occurred on page 331. The sentence beginning in the fifth 
line from the bottom of column 1 should read: “The five- 
and ten-year survival rates in the former group were 33.7% 
| and 20.4%, and in the latter group were 16.2% and 8.8%, re- 
“al : spectively, the differences being statistically significant at 
Fe both time intervals.” As published, 20.4% and 16.2% were 
i transposed, 





Rectifying Abdominis.—A word was misspelled in the title 
E + of the article published on pages 532-536 of the October 
~ 1974 ARCHIVES (Volume 109). The correct title should read 
“Repair of Bilateral Hernia With Mersilene Mesh Behind 
he Rectus Abdominis,” not Abdominus. In all cases where 
“rectus abdominus” is printed “rectus abdominis” should 
appear—on the cover of the issue, in the table of contents, 
and within the article. 
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Careiromatous Lymph Nodes 


Within Breast Parenchyma 


LeSoy J. Hyman, MD, R. Mario Abellera, MD 


-g@tramammary lymph nodes were observed in four cases, one con- 
taming metastafic melanoma fren an unidentified source, one carci- 
noma metastatic frem the opposte breast, one carcinoma metastatic 
fram the same brest, and one centaining no malignant neoplasm. A 
rev@ew of the litera:ure showed ymph nodes to occur very rarely in 
the true intramanmary locatioa. No evidence is available as to 
whe=her the nodes observed in taese cases were normally occurring 
noces or f they had arisen in response to some stimulus. 


mramammery lymph noces harboring metastatic can- 

eer are extremely rare. Wolfe, in his textbook, shows 

twe illustrations within xeromammograms stating only 
that they are raze anc that he has seen only two cases. 

Eaagensen* jescribes the orepectoral lymph nodes that 
lie smperficial to tne deep faseia covering the pectoral mus- 
cles and does 10¢ mertion ntramammary lymph nodes. 
Hu borr et a! d2monstratel lymph nodes on the dorsal 
asp==t of the pectoralis major and minor muscles. Kett et 
al‘ Gseuss cutaneous dilated lymphatics that may harbor 
tunser cells but they do not hcwever, allude to lymph nodes 
witen the breest To cur knowledge, no mention of such 
nod& is encour tered in any anatomy textbook. 

Hejdu and Lrkan,’ and more recently Silverman and 
Obe=man.° diseuss metastatie cancer to the breast. They 
do met reer totumor within ntramammary lymph nodes. 
Tne majority @ these zases were either malignant lym- 
phor=is, melanomas, or metastatic nasopharyngeal tu- 
mors. and all ware within breast parenchyma. 

W= must emphzsize at this point that we will not be 
disct sing these metastatic malignant neoplasms within 
brea= tissue per =. We will de discussing only the pres- 
ence af lymph roces, either uninvolved or involved with 
malismant neopasms, that are found within the paren- 
chym« of the breast. 


Accepted for publication June 3, 1974. 
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In the cases presented, the involved lymph nodes were 
entirely within the breast tissue and had no relationship 
to the pectoral fascia. In one instance, the lesion appeared 
to be a metastatic melanoma in an intramammary lymph 
node (case 1, Fig 1). Cases 2 and 3 (Fig 2) demonstrate 
lymph nodes containing carcinoma that were situated 


within the breast parenchyma. Case 4 reveals cur only — 


case of an uninvolved lymph node found within the breast 
parenchyma and is shown by the xeromammogram (Fig 3, 
4, and 5). 


REPORT OF CASES 


Case 1.—A 34-year-old woman underwent mastectomy on Jan 
17, 1972, for a malignant nodule (2 cm in diameter) of the breast 
that proved to be metastatic malignant melanoma. The microscop- 
ical examination revealed metastatic malignant melanoma in an 
intramammary lymph node (Fig 1) and in two out of 17 axillary 
lymph nodes. The Armed Forces Institute of Pathology concurred 
with the diagnosis. Complete and meticulous search for the pri- 
mary lesion was unsuccessful. 

Case 2.—A 52-year-old woman had a mastectomy and radiation 
for carcinoma of the right breast in February 1972. She was ad- 
mitted in April 1973, at which time a nodule (1.6 cm in diameter) 
was removed from the left breast that was an intramammary 
lymph node containing metastatic carcinoma. 

Case 3.—A 46-year-old woman was admitted on April 1, 1973, 
and had a left mastectomy for a scirrhous carcinoma. An intra- 
mammary lymph node (0.4 em in diameter) with metastatic carci- 
noma was found (Fig 2). Twenty-one axillary lymph nodes showed 
no metastases. 

Case 4.—A 41-year-old woman was admitted in December 1973, 
for a palpable tumor of the left breast just lateral to the left 
nipple. The mammogram did not visualize this palpable nodule but 
did reveal a small nodule with a halo. The patient was operated on 
because of the palpable nodule near the breast nipple and not be- 
cause of the small density with the halo (Fig 3 and 4). The resec- 
tion involved both areas, as they were fairly close. The microscop- 
ical diagnosis of the nodule was fibrocystic disease and adenosis 
with microcalcification. The microscopical diagnosis of the small 
circumscribed nodule with the halo was a lymph node with lymph- 
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Fig 1.—Metastatic malignant melanoma in intramammary lymph node (case 1). 
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round lesion (lower portion, tip of arrow). Adjacent to it is actual 
lymph node (white nodule) found at surgery. Note that lesion is en- 
tirely within breast parenchyma away from pectoralis fascia. 


oid hyperplasia and sinus histiocytosis and no evidence of malig- 
nant neoplasm (Fig 5). 


COMMENT 


These findings of intramammary lymph nodes raise 
some provocative questions: How does a so-called normal 
lymph node arise within the breast parenchyma itself? 
Since this rarely occurs, what conditions precipitate this 
evolvement? Do the nodes found represent reactive foci 
within the lymphatic system? 

The presence of lymphoid tissue, either normal, hyper- 
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Fig 3.—Xeromammogram (case 4) showing well-defined, almost 
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Fig 2.—Metastatic ductal carcinoma in lymph 
Pleomorphic melanocarcinoma (lower right) within hyperplastic lymph node adjacent node (case 3). Primary breast carcinoma (right) 


to atrophic breast tissue (upper left) (hematoxylin-eosin, Xx 160). adjacent to lymph node largely replaced by carci- 


noma (pale area of node) (hematoxylin-eosin, x 5). 
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Fig 4.—Higher magnification (x 5) of Fig 3. Note halo around le- 
sion in xeromammogram. 


plastic, or neoplastic, in aberrant or extranodal sites, 
would tend to support the possibility that lymph nodes are 
capable of being formed by certain stimuli in certain foci 
of the lymphatic system. 

Blechschmidt, in The Stages of Human Development Be- 


fore Birth states that embryologically “lymph-bathed tis- 


sue between the fissures develops into the first lymphatic 
reaction centers of the body, i.e. the anlagen of the lymph 
nodes. The appearance of the lymph node itself indicates a 
lymphatic reaction representing a primitive phase of the 
development of its function.” Although this is the trans- 
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Fig &—byperpeastic intramamnmary lymph node (case 4) showing 
lemphoid @lark areas) and reticular cell (pale areas) hyperplasia 
(ematoxy!in-osn, X 5). 


lation from #he German text, to the best of our knowledge 
no similar d-scission can de found in any other source of 
reference 

We now aecept that most tumor cells circulate freely at 
fimes. Therefore, some may ultimately pass through lym- 
phatic tissue taat is capable of forming a lymph node. In 
ather words = reaction in eertain foci within the lym- 
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phatic system could evolve into typical lymph nodes. This 
would mean, of course, that what we call normal lymph 
nodes may not be such at all. Some may represent a re- 
sponse or reaction to a specific stimulus. 

Indeed, this can also be inferred in the report by Black 
and Asire, who discuss the palpability of lymph nodes 
that do not contain carcinoma cells. They postulate that a 
sizeable immune reaction must have occurred within such 
nodes and therefore these enlargements are manifesta- 
tions of immunity. 
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Heterotopic Pancreatic Tissue 


_A Study of 212 Cases 


Robert V. Dolan, MD; William H. ReMine, MD; Malcolm B. Dockerty, MD 


A series of 212 cases of pancreatic heterotopia has been analyzed 
in order to ascertain the frequency of this congenital anomaly and to 
determine the cause of significant clinical symptoms. In the period 
from 1952 through 1971, 212 cases of heterotopic pancreas were 
seen at the Mayo Clinic. A firm causal relationship to symptoms was 
difficult to establish. Obscure gastrointestinal tract bleeding; often 
attributed to this lesion, was rarely associated with ulceration or ne- 
crosis when the lesion was excised and examined microscopically. 
When heterotopic pancreas was discovered at operation, however, 
excision was a safe and warranted procedure. Confusion with lesions 
such as small myomas and carcinoids was thus eliminated and a fur- 
ther diligent search could be pursued for the cause of persistence of 
symptoms originally attributed to the heterotopia. 


Heteretcric pancreatic tissue is a relatively un- 
t common abnormality and is usually of no clinical im- 
portance. It may become a serious clinical problem, how- 
ever, when its appearance is complex. The majority of 
documented case reports and series were prompted by 
cases of the complicated variety," and it is questionable 
whether a mass of aberrant pancreatic tissue is, by itself, 
necessarily a serious matter. 

To answer this question and to view the condition in its 
overall proper perspective, we have reviewed the records 
of all patients in whom the diagnosis of heterotopic pan- 
creas was made at the Mayo Clinic from 1952 through 
1971. 
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Findings of Study 

Age and Sex Distribution.—In the 20-year period from 
1952 through 1971, there were 212 patients with aberrant 
pancreas seen at the Mayo Clinic. (These were “clinical” 
cases in the sense that the heterotopic tissue was not first 
discovered at autopsy.) Of these, 136 were males and 76 
were females. No age group was exempt, but the highest 
incidence, when discovered, was in the sixth decade. 

Site of Heterotopic Tissue.—In this series, as in others, 
the tissue was most often found in the upper part of the 
gastrointestinal tract; in 90% of patients the heterotopic 
tissue was in the stomach (81), duodenum (77), or upper 
part of the jejunum (33). Distribution of the remaining 
sites of heterotopic pancreatic tissue was as follows: 
Meckel diverticulum, 11; ileum, three; and one each in the 
common bile duct, umbilicus, gallbladder, hilus of spleen, 
regional papilla of accessory pancreatic duct, near left 
gastric artery (extragastric), and anterior to pancreas 
(near duodenum). In all but 33 patients, the heterotopic 
tissue was found at operation. Most of these “surgical” le- 
sions Were incidental findings at operation for other con- 
ditions, and they were excised, biopsied, removed with the 
specimen, or simply visualized but not confirmed micro- 
scopically (Table 1). In the 33 others, the diagnosis was 
made clinically; these patients were not operated on and 
their course was followed roentgenographically (Table 1). 

We identified 73 patients who had a variable number of 
complaints on admission and in whom the only abnormal 
finding was an island of accessory pancreatic tissue. These 
patients formed two major subgroups: group 1, compris- 
ing 40 patients who were treated surgically and in whem 
the aberrant tissue was found either before or during øp- 
eration, and group 2, comprising the 33 patients already 
alluded to in whom the diagnosis was made clinically (ie, 
by roentgenography or gastroscopy) and who were not op- 
erated on and who received no specific treatment. 
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Table 1.—Management, According to Site, of 212 Cases of Pancreatic Heterotopia 


Managemeat of Case 


or Lesion Stomach 
Primary lesien* 
Excised (only Ision found)* 
Resected with Secimen 
Excised (seconeary) 
Biopsied (secondary) 
Snspected (seccndary} 
Followed 
roentgenozraphicalbyt 
Visualized (only lesion found) 
Total 


= These lesions accourt for 40 pétients in group A (for details, see text). 
- These cases acount for 33 patients in group B (for details, see text). 


Table 2.—Cinical Features and Course of 40 Patients 
~reated Surgically 


Clinical Course 
No. of 


oF 

Clinical Featere Patents Unchanged Improved 
Anemia or melena F; 4 3 
Abdominal pair 19 11 
Associated lesi«ns 
Gas 
Diarrhea 
Eructation and ‘churring’”’ 
Hiccoughing 
Allergic attacks 
Vomiting 
Colonic crampi g 
Asymptomatic 


Ww 
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zroup 1.—Araong the 40 patients who underwent lap- 
aretomy (Table 2), seven were operated on because of 
bæod loss (anemia or melena). The preoperative condition 
pessisted in four of them; one of these, at laparotomy 22 
menths later, was found to nave widespread metastatic 
carcinoma of tae cecum, another died of lymphoma two 
years after ope-atior, and in the other two, no lesion was 
erer found but the picture of blood loss persisted. Of the 
tl ree who had ro further trouble after operation, two had 
had definite hypochremic, microecytic anemia and positive- 
Stwel evidence c occult bloed, and both of these abnormal- 
it es disappearel after operation; the third patient with a 
hetory of two @pisodes of dark stools had a relatively low 
hemoglobin concentration, which did not change substan- 
tially after ope-atior. However, there was no recurrence 
of melena. In al of these latter three patients, the mucosa 
ws intact ovər the lesion and there were no obvious areas 
of ulceration o- inflemmation nearby. Nevertheless, the 
pesibility remains that the aberrant pancreas was re- 
spensible for bbod less in these three cases. However, it 
deamitely was not in the four others; in one of these four, 
tke discovery o: the aeterotovic tissue may have delayed 
tke discovery of whet might have been a curable carci- 
nema, althougl roertgenograms of the colon had been 
neemal. 
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There were 19 patients who had been admitted with 
various forms of abdominal pain and dyspepsia (Table 2). 
In 11 of them the condition remained unchanged after op- 
eration; and, of the eight who had no further trouble after 
operation, only one had what seemed to be significant or- 
ganic pain. The others were recorded as having some kind 
of vague discomfort; in all of them the duration of symp- 
toms was relatively short, and in at least five the pain was 
considered either to be functional or to have a large func- 
tional component. Among the 11 patients who showed no 
improvement after operation was the patient whose case 
has already been reported.’ In this patient, a long stalk of 
aberrant pancreatic tissue (its base was in the stomach) 
was found to be protruding through the pylorus at oper- 
ation; it was probably at least partially obstructive to this 
outlet. However, she had had a previous gastroenter- 
ostomy, and her symptoms were not primarily those of ob- 
struction. Her symptoms were not relieved after oper- 
ation and have continued with little change until the 
present. 

In three patients, the features present on admission 
were related to other lesions; as far as can be determined, 
the aberrant pancreatic tissue was asymptomatic. Two pa- 
tients complained of “excess gas”; one gained relief and 
one did not. The other complaints on admission included 
diarrhea, eructation, hiccoughing, allergic attacks, vomit- 
ing, and colonic cramping. These symptoms had stopped 
before operation was undertaken in the patients with 
vomiting and hiccoughing and in one of the patients with 
diarrhea. 

Group 2.—The diagnosis of aberrant pancreatic tissue 
was made on clinical grounds in 33 patients (Table 3); in 
them, operation was deemed unwarranted. In al! of these 
patients, roentgenographic investigation provided the 
basis for diagnosis; it was corroborated by gastroscopy in 
12 patients. Except for two patients, for whom follow-up 
records were unavailable, all patients were observed for 
periods of up to 20 years (average, six years) (Table 3). 
The clinical picture became clearly due to other lesions in 
nine patients, and the aberrant pancreatic tissue probably 
was asymptomatic. Among these nine patients, three had 
duodenal ulcers, three had diaphragmatic hernias, one had 
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No. of 
Clinical Feature Patients 
Associated with other lesions 9 


Pain or dyspepsia 18 


gastric ulcers, one had cholecystitis, and a ninth had the 
dumping syndrome subsequent to vagotomy and pyloro- 
plasty. 

In this group of 33 patients, 18 manifested initial com- 
plaints of abdominal pain or dyspepsia that varied widely. 
The symptoms of ten of these patients disappeared over 
the follow-up period, and the symptoms of six showed no 
change; information about the other two patients was un- 
available. In none of the six patients in whom the pain 
persisted was the pattern of pain similar. 

Four patients were admitted with gas or bloating. The 
symptoms of two of these patients eventually dis- 
appeared, and those of the other two remained un- 
changed. The condition of the two patients who initially 
had intermittent diarrhea and constipation has not 
changed over the follow-up period. 


Comment 


Variously called heterotopic pancreatic tissue, accessory 
pancreas, or aberrant pancreas, this entity may be defined 
as the presence of pancreatic tissue that lacks anatomic 
and vascular continuity with the main body of the pan- 
creas. 

The frequency of heterotopic pancreatic tissue in au- 
topsy material has been reported to range from as low as 
0.55%"" to as high as 13.7%.' Most series have reported the 
lower part of the range. Clinically, it has been determined 
to occur about once in every 500 operations in the upper 
part of the abdomen." 

Several theories have been advanced to explain the ori- 
gin of heterotopic pancreatic tissue. It is generally agreed 
that its development is antenatal, but the exact mecha- 
nism has not been elucidated. Two theories may be noted. 
Perhaps the most universally accepted mechanism is that 
suggested by Horgan": before coalescing, small buds of 
the branching ends of the anterior and posterior pan- 
creatic anlagen become attached to the gut wall at various 
locations and are carried with it as the gland pulls away 
from the gut in its normal pattern of growth and develop- 
ment. The bud remains grafted in its new location on the 
gut wall. Warthin"' suggested that accessory pancreatic 
tissue develops from the lateral budding of rudimentary 
pancreatic ducts as they penetrate the bowel wall; the 
mass of pancreatic tissue thus formed is snared off and 
carried up or down with the longitudinal growth of the 
gastrointestinal tract. Neither of these two most plausible 
theories, however, explains adequately all the circum- 
stances. 
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Table 3.—Clinical Features and Course of 33 Patients not Treated Surgically but Followed Roentgenographically 


6 2 
Gas or bloating ! 4 2 2 0 
Diarrhea and constipation | 2 2 0 0 
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Possibly the first reported example of pancreatic hetero- 
topia was presented by Jean Schultz in 1727.72 He found 
this during autopsy of a newborn; there was “a wart sim- 
ilar to a gland” in an ileal diverticulum but histologic con- 
firmation was lacking. It remained for Klob in 1859 to 
present histologic confirmation of this condition in two 
cases. In his first case, heterotopia involved the greater 
curvature of the stomach; in the second, heterotopia was 
in the jejunum 10 cm from the ligament of Treitz.'"” 

The gross appearance of islands of aberrant pancreas is 
usually that of firm, yellow irregular nodules that are in- 
tramural, often described as being submucosal or subsero- 
sal. Their mucosal surface frequently possesses a central 
umbilication, but only rarely can this be determined to be 
a direct ductal communication with the underlying body 
of tissue. They vary in size from 2 mm to 4 cm’; in general, 
those in the stomach are larger than those in the duode- 
num. Their histologic appearance varies from that of per- 
fectly formed pancreatic lobules with ducts, acini, and is- 
lands with a normal appearance to that of a few widely 
separated ducts. 

The roentgenographic and gastroscopic features are 
sometimes characteristic.'*’ Typically, the lesions appear 
as well-delineated submucosal filling defects with, classi- 
cally, a central umbilication. This appearance, while quite 
characteristic, is sometimes difficult to differentiate from 
that of a leiomyoma. When the central umbilication is 
larger than usual, it can be confused with the base of a 
gastric or duodenal ulcer; however, this can usually be 
clarified by gastroscopy. In our series, 80% of lesions in the 
stomach were located in the prepyloric region on the 
greater curvature. 

The relationship of aberrant pancreas to diverticulum 
formation has been noted both clinically and experimental- 
ly. Diverticula have been produced in the small bowel 
of the dog by the implantation of pancreatic tissue,’ the 
probable result of weakening of the wall musculature by 
pancreatic enzyme. Whether or not this is a good model 
for the clinical presence of aberrant pancreas in man is 
not known. However, in this series, aside from those in 
Meckel diverticulum, only one example was found in a 
duodenal diverticulum, and a second was found in a duode- 
num that elsewhere possessed a diverticulum. In our 
series, then, a real causal relationship of this association 
could not be established. Likewise, we found no consistent 
association with any other congenital malformation, un- 
less Meckel diverticulum is considered to be in this cate- 


gory. 
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The truly gray area in tais consideration concerns the 
question of whether an unzomplicated mass of accessory 
penereas can produce clinical symptoms. No particular 
symptom complex can be at-ributed to this condition. Feld- 
man and Weinkerg* listed abdominal distress, distention, 
gaseous eructaton, nausea vomiting, diarrhea, constipa- 
tien, and epigastric Dain. )thers concluded that pancre- 
atic heterotopia may m:mi2 symptoms of duodenal ulcer, 
diaphragmatic nernia, or gallbladder dysfunction.?:*"'"* 
Malignant dezeneration, cyst formation, pancreatitis, in- 
sulinoma, hemerrhage, intussusception, and obstruction 
have been resorted. 767$ In summary, this condition 
apparently has beer Felc responsible for almost any 
symptom comp2x that mght warrant investigation of 
the upper part ef the gastrointestinal tract. 

The mechanism whereby this tissue could produce the 
verious symptoms with whrh it has been associated is not 
clear. It has been sugges-ed that the heterotopic pan- 
er2atic tissue is stimulatee to secrete, as is the normal 
penereas, and ia so doirg, reduces inflammation, spasm, 
or hyperirritebrity.* This seems rather unlikely because 
first, the mass o” tissue is usually small and probably is in- 
capable of producing a substantial amount of enzyme and, 
second, in most patients the symptoms are of a limited du- 
ration. With respect to the duration of symptoms, why, if 
these lesions are antenata. in development, do they not 


produce symptoms from the very beginning? Moreover, 
pancreatic tissue has occurred in similar locations and has 
similar histologic features without producing amy symp- 
toms whatsoever. Unless we are dealing with patients 
who for some reason have developed a particular sensi- 
tivity to these lesions, these questions are difficult to an- 
swer. 

The causation of gastrointestinal tract hemorrhage is 
another interesting problem. When there is ulceration in 
the overlying mucosa, the association is obvious. However, 
the relationship is much less clear when the mucosa is in- 
tact. Some have explained this phenomenon as a process 


of diapedesis caused by stimulation by the pancreatic en- 


zymes. Although it would seem difficult to explain massive 
hemorrhage on such a basis, there have been reports of 
this very situation.*" 

In examining these two groups of patients, we can infer 
that heterotopic pancreatic tissue was not responsible for 
the initial features in the majority of cases. It appears 
also that remission of symptoms can be expected as fre- 


quently with expectant observation as with surgical inter- 


vention, though an obvious exception might be valid in the 
case of patients such as the three in our-series who had 
suspected gastrointestinal tract blood loss and who had no 
such difficulties after operation. 


References 


1. Abrahams JE Heterotopic pancreas simulating peptic ulcera- 
tien. Arch Sure &:589-892, 1986. 

2. Busard JM, Walters W: Heterotopic pancreatic tissue: Re- 
pert of a case pre enting symptoms of ulcer and review of the re- 
cent literature. Arch Surg 60:€74-682, 1950. 

3. Chapman BH, Vogel WE, Schomaker TP: Massive gastric 
hemorrhage assoeiated with aberrant pancreas in the stomach. 
Gastroenterology 3:367-E74, 1947. 

4. Feldman M, Weinberg T: Aberrant pancreas: A cause of 
dwedena! syndrome. JAMA 148:893-898, 1952. 

5. Hudock J., Vanner H, Eeilly CJ: Acute massive gastroin- 
testinal hemorrhage assdciatec with pancreatic heterotopic tissue 
of the stomach. Ann Surg 142121-125, 1956. 

5. Razi MD: Ecopic pancrestic tissue of esophagus with mas- 
sive upper gastromtestinal bleeding. Arch Surg 92:101-104, 1966. 

7. Vidgoff IJ Massive hemorrhage due to aberrant pancreatic 
tissue in the cardia of the stomach. Am J Surg 93:423-426, 1957. 

3. Vidgoff IJ Lewis a: Acure hemorrhage from aberrant pan- 
creatic tissue ia the gal bladder. Calif Med 94:317-319, 1961. 

3. Martinez NS Morlock CC, Dockerty MB, et al: Heterotopic 
pancreatic tissue Mvolviag che stomach. Ann Surg 147:1-12, 1958. 

10. Barbosa -deC: Paacrzate Heterotopia: Clinical and Patho- 
loctcal Studies ef surgical Cases, zhesis. Mayo Graduate School of 

icine, University of Minnesota, Rochester, 1945. 


Arch Surg/Vol 108, Dee 1974 


11. Barbosa JdeC, Dockerty MB, Waugh JM: Pancreatic hetero- 
topia: Review of the literature and report of 41 authenticated sur- 
gical cases, of which 25 were clinically significant. Surg Gynecol 
Obstet 82:527-542, 1946. 

12. Derbyshire RC: Studies of Accessory Pancreas, thesis. Mayo 
Graduate School of Medicine, University of Minnesota, Rochester, 


y 81:539, 1963. 

15. Stone DD, Ridervold HO, Keats TE: An unusual ease of 
aberrant pancreas in the stomach: A roentgenologic and gas- 
trophotographic demonstration. Am J Roentgenol Radium Ther 
Nucl Med 118:125-128, 1971. 

16. Pearson S: Aberrant pancreas: Review of the literature and 
report of three cases, one of which produced common and pan- 
creatic duct obstruction. Arch Surg 63:168-184, 1951. 

17. Eklöf O: Accessory pancreas in the stomach and duodenum: 
Sy uae features, diagnosis and therapy. Acta Chir Scand 121:19- 


18. French WE: Pancreatic tissue in antral wall. Am J Surg 


114:956-957, 1967. 


Heterotopic Pancreatic Tissue/Dolan etal 765 























paar > 





Intra-aortic Balloon Counterpulsation 


Indications and Long-Term Results 


in Postoperative Left Ventricular Power Failure 


John J. Lamberti, Jr., MD; Lawrence H. Cohn, MD; Michael Lesch, MD; John J. Collins, Jr., MD 


Intra-aortic balloon counterpulsation is an effective treatment for 
left ventricular power failure after cardiopulmonary bypass. This re- 
port delineates our experience with 12 patients, nine men and three 
women. All patients required counterpulsation after reconstructive 
Surgery for severe coronary artery disease. The average time of 
counterpulsation was 3.9 days, and 50% of the patients were 
weaned from counterpulsation in less than three days. Seven pa- 
tients (60%) were discharged from the hospital. There were two late 
deaths. The five long-term survivors (42%) have enjoyed good to ex- 
cellent rehabilitation at nine to 31 months. 


Ee aati balloon counterpulsation may be life- 
saving in patients with left ventricular power failure 
following cardiopulmonary bypass. In this situation, 
there seems no doubt that patients have been saved who 
otherwise could not have been weaned from cardio- 
pulmonary bypass. Although the major emphasis in many 
reports relates to the usefulness of balloon counter- 
pulsation in profound cardiogenic shock,*° the use of 
this modality without surgical therapy has been dis- 
appointing.* In this communication, we have described 
results in patients treated with balloon counterpulsation 
for postoperative left ventricular power failure due to 
myocardial ischemia. Long-term follow-up data, unavail- 
able in most similar reports, are given for all patients up 
to 31 months after surgery. 
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CLINICAL MATERIAL 


From July 1, 1971 to June 1, 1973, intra-aortic balloon counter- 
pulsation was used in 12 patients who developed left ventricular 
power failure after reconstructive surgery for coronary artery 
disease. This represents a small part (4%) of our total coronary ar- 
tery surgery experience during this period. Follow up ranges from 
nine months to 31 months, with a mean of 20 months. There were 
nine men and three women ranging in age from 47 to 72 years. 
The average age of the male patients was 57 years, the average 
age of the women was 62 years. Two patients were in left ventric- 
ular power failure on intra-aortic balloon counterpulsation prior to 
surgery and the remainder required intra-aortic balloon counter- 
pulsation only after operation. 

The indication for the use of intra-aortic balloon counter- 
pulsation was arterial hypotension with peak systolic pressure be- 
low 80 mm Hg and mean left atrial pressure greater than 25 mm 
Hg despite adrenergic stimulation by drugs. In three patients, in- 
tractable ventricular arrhythmias accompanied the hypotension. 
Most patients exhibited evidence of pulmonary congestion as well. 
Ten patients were dependent on cardiopulmonary bypass to main- 
tain their circulation before intra-aortic balloon counterpulsation 
was begun. Two patients were weaned from cardiopulmonary by- 
pass but deteriorated shortly after chest closure and required in- 
tra-aortic balloon counterpulsation at that time. In all cases, intra- 
aortic balloon counterpulsation was instituted only after maximal 
pharmacologic support failed to improve the circulation; isopro- 
terenol hydrochloride, epinephrine, levarterenol bitartrate, and 
dopamine were utilized singly or in combination without satisfac- 
tory benefit. Calcium, antiarrhythmic agents, and atrial and ven- 
tricular pacing were utilized when appropriate. All patients were 
in satisfactory acid-base balance with optimal arterial oxygen- 
ation. Central aortic or radial artery pressure, left and ri ght atrial 
pressure, pulmonary artery pressure, and hourly urine outputs 
were measured serially in all patients. In this group of patients, 
intra-aortic balloon counterpulsation was not begun unless we felt 
that the patient could not survive without assistance. 
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Fa 1.—Survival deta for 12 patients operated on between July 1, 
197 and July 1, 1973. Long-term survival, 42%; average long-term 


I= ten patients, he sirgle-chambder Kantrowitz balloon pump 
was used. In twe patients, the Avco triple chamber balloon was 
usee. Eleven patients were assis:ed through the common femoral 
artery. Three patents reqiired exposure of both common femoral 
arteries because of arterioscleresis; two of these patients were 
sucessfully pumpec through the second femoral artery, and the 
thir- patient required cannulatien of the common iliac artery." 

T+ insert the bzlleon pump, a Beflon vascular graft was sutured 
end <o side to the isolatec artery. The balloon was inserted and 
posi ioned in the sheracic aorta, with its tip just distal to the ori- 
gin ef the left sabelaviar artery. ‘The position was later con- 
firm -d by portable mest reentgeaogram.) After appropriate tim- 
ing @ balloon infiatien and deflatoon, cardiopulmonary bypass was 
discantinued in the usual manner and heparin reversed with 
prot=mine sulfate The chest and other incisions were closed and 
the patient transporved to zhe Intensive Care Unit on battery-op- 
eratel intra-aortic kalloon counterpulsation. Heparin was with- 
held antil surgica. beedinz had eased, then low-dose systemic 
hepa inization was begun (0.5 mg/kg intravenously every four 
hours) and continwec until the bailoon catheter was removed. 

Wening from intr-aortic balleon counterpulsation was begun 
whem the patient was hemodynamically stable, without pressor 
agen=. Careful at-ertion was paH to the systemic arterial pres- 
sure, aourlyurine sutout, le*t atria or pulmonary wedge pressure, 
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survival, 19 months. Left ventricular power failure, LVPF; cardio- 
pulmonary bypass, CPB. 


and clinical signs of pulmonary edema. When the patient had re- 
mained stable for six to eight hours without balloon assist, the bal- 
loon was withdrawn. The Teflon graft was removed in the oper- 
ating room and Fogarty catheters were used to remove any clots 
that might have been present. Usually a small amount of clot was 
found inside the arterial graft; occasionally small clots were pres- 
ent in the distal arterial tree. There were no significant vascular 
complications of intra-aortic balloon counterpulsation other than 
development of a false aneurysm of the common femoral artery 
two weeks after intra-aortic balloon counterpulsation in one pa- 
tient. This was repaired using a saphenous vein patch graft with 
complete healing and normal function. 

Weaning from the Avco balloon is relatively simple because the 
console allows a progressive decrease in balloon assist from every 
beat to every other beat, to every fourth beat, and then every 
eighth beat. Weaning from the Kantrowitz balloon is generally 
accomplished in a shorter period of time because the balloon must 
be manually inflated periodically to prevent accumulation of 
thrombus on the balloon during periods of deflation. The Eantro- 
witz balloon was never allowed to remain deflated for longer than 
ten minutes without at least one manual inflation. 

The Table summarizes pertinent clinical information on the 12 
patients. Five patients required surgery for severe chronic angina 
pectoris. Two of these had small left ventricular apical aneurysms. 
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Fig 2.—Hemodynamic data obtained during weaning. With IABCP 
(intra-aortic balloon counterpulsation) refers to pressures measured 
before weaning had begun, when patient was stable. Without IABCP 
refers to pressures measured after discontinuation of IABCP. 
Three patients had large left ventricular aneurysms and were in 


severe congestive heart failure. Three patients were in severe left 
ventricular power failure preoperatively secondary to acute myo- 
cardial infarctions; two of these patients underwent coronary re- 
vascularization and the third patient underwent mitral valve re- 
placement. One patient with severe angina pectoris developed left 
main coronary occlusion in the cardiac catheterization laboratory 
and was taken directly to surgery with an evolving myocardial in- 
farction. 


RESULTS 


The Table summarizes the results in all 12 patients. Fig- 
ure 1 demonstrates the stepwise salvage rate in this group 
of critically ill patients. Three patients died in the oper- 
ating room. One patient with a history of severe angina 
pectoris had sustained a massive myocardial infarction in 
the catheterization laboratory after acute occlusion of the 
left main coronary artery. This patient had extensive 


myocardial infarction and could not be weaned from car- ` 


diopulmonary bypass with intra-aortic balloon counter- 
pulsation and probably sustained a hemorrhagic myocar- 
dial infarction.’ A second patient was in severe chronic 
congestive heart failure as a result of a large anteroapical 
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ventricular aneurysm and an old diaphragmatic myocar- 
dial infarction. The preoperative ejection fraction was 
17%. This patient underwent left ventricular aneurys- 
mectomy and right coronary artery thromboendarterectomy 
and coronary artery bypass graft. The third patient had a 
history of severe angina pectoris and sustained an intra- 
operative myocardial infarction during coronary revascu- 
larization. None of these three patients could be weaned 
from cardiopulmonary bypass with intra-aortic balloon 
counterpulasation. 

Two patients died in the hospital after surgery. One pa- 
tient died on the third postoperative day in left ventricu- 
lar power failure on intra-aortic balloon counterpulsation 
after left ventricular aneurysm resection. Counterpulsa- 
tion prevented death in the operating room, but hepatic 
and renal necrosis secondary to the low cardiac output re- 
sulted in death. Another patient was weaned from intra- 
aortic balloon counterpulsation but did not survive the 
hospital course. This patient underwent right coronary 
thromboendarterectomy and saphenous vein bypass graft 
and internal mammary anastomosis to the left anterior 
descending coronary artery. He sustained an inferolateral 
myocardial infarction intraoperatively and required intra- 
aortic balloon counterpulsation for seven days. In this pa- 
tient, the balloon was inserted through the common iliac 
artery because both external iliac arteries were arterio- 
sclerotic and tortuous. Cardiac index measured prior to 
discontinuation of balloon assist was 2.8 liters/min. One 
month after intra-aortic balloon counterpulsation, he died 
from respiratory failure due to bilateral pneumonia. The 
five long-term survivors (42%) have a mean survival of 19 
months, with a range of nine to 31 months after surgery. 
Their quality of life is excellent. Four patients are class 1 
and engage in unlimited activity. The other patient is in 
chronic stable congestive heart failure and is limited to his 
exercise tolerance. This man had an ejection fraction of 
26% on intra-aortic balloon counterpulsation prior to oper- 
ation. 

The duration of intra-aortic balloon counterpulsation 
ranged from six hours to 8%% days. The average time on in- 
tra-aortic balloon counterpulsation was 3.9 days. Fifty 
percent of the patients were removed from intra-aortic 
balloon counterpulsation in less than three days. The pa- 
tient who required intra-aortic balloon counterpulsation 
for more prolonged periods of time generally underwent 
longer periods of weaning. Duration of intra-aortic bal- 
loon counterpulsation did not correlate with long-term 
survival. Figure 2 shows hemodynamic data obtained dur- 
ing weaning in eight patients. In general, mean arterial 
pressure and left atrial pressure tend to rise after discon- 
tinuation of intra-aortic balloon counterpulsation. During 
the period of weaning, careful attention must be paid to 
hourly urine outputs, systemic arterial pressure, and left 
atrial pressure. 

The indications for surgery were varied, although all 
patients had coronary artery disease. Five patients were 
operated on electively for severe chronic angina pectoris. 
All underwent multiple coronary artery bypass grafts 
(two patients had repair of small left ventricular aneu- 
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Summary of Data for 12 Patients Operated on Between July 1, 1971, and July 1, 1973* 


Patient No.7 Indication for Indication for Duration Current 
Age, yr/Sex Operation Operation IABCP Results of IABCP NYHA Class 
1/55/M TClass4 AP Coronary artery bypass graft to left LVPF & arrhythmia Long-term 40 hr | Bae 
anterior descending and left circumflex - survivor 
marginal coronary arteries; left 
ventricular aneurysmectomy 
2/60/M  Zlass3 AP Coronary artery bypass grafts to left LVPF & arrhythmia Long-term 40 hr 1 
circumflex and left anterior descending survivor 
coronary arteries 
3/55/M lass AP Coronary artery bypass graft to right LVPF & arrhythmia Died at 36 7 days 
coronary artery with thromboendar- days with- 
terectomy; internal mammary artery out I[ABCP 
anastomosis to left anterior descending 
coronary artery 
4/47/M lass AP Coronary artery bypass graft to left LVPF Died at l hr 
anterior descending and right coronary operation 
arteries, with thromboendarterectomy 
to right coronary artery 
5/59/F Class 4 AP Coronary artery bypass graft to left LVPF Long-term 5 days 
anterior descending coronary artery survivor 
and right coronary artery with thrombo- 
endarterectomy; plication of small 
aneurysm 
6/53/M «cute MI, LVPF Mitral valve replacement LVPF Died at 6 hr 
6 mo 
7/52/M acute MI, LVP™; Coronary artery bypass grafts to left LVPF Long-term 9 days 2 
preoverative anterior descending and right coronary survivor 
IABCP arteries with thromboendarterectomy of 
right coronary artery 
8/65/M acute MI, LVPF; Coronary artery bypass grafts to right LVPF Long-term 3 days 1 
preoperative coronary artery with thromboendar- survivor 
IABCP terectomy and left anterior descending 
coronary artery 
9/55/M Acute MI, Coronary artery bypass grafts to left LVPF Died at l hr 
occlusion of anterior descending and diagonal operation 
left main covonary coronary arteries and right coronary 
artery in catneter- artery with thromboendarterectomy 
izaticn labostory 
10/70/F Class 4 CHF Left ventricular aneurysmectomy LVPF Died at 3 days 
3 mo 
11/57/F Glass 4 CHF Left ventricular aneurysmectomy and LVPF Died with 3 days 
coronary artery bypass graft to left IABCP 
circumflex marginal coronary artery 
12/72/M Gass 4CHF Left ventricular aneurysmectomy and LVPF Died at lhr 
coronary artery bypass graft to right operation 


coronary artery with thromboendar- 


terectomy 


* Left ventricular power failuse, LVPF; myocardial infarction, Ml; congestive heart failure, CHF; intra-aortic balloon counterpulsation, IABCP; 


angina pectoris AP, 


rysms). Three o- these patients are alive and doing well at 
the present time. One patient diad after a massive infarc- 
tion in the operating room the other patient died of late 
respiratory comoblicat.ons a*ter en intraoperative myocar- 
dal infarction. 

The remaiming seven patients were operated on as ur- 
gent or emergency cases. Three patients were operated on 
fer large left ~extricular ansurysms and severe congestive 
heart failure. Nene of these patients are long-term survi- 
vers. Three patients were ir left ventricular power failure 
after acute myocardial infarction, and two of these pa- 
tients received intra-aortic balloon counterpulsation prior 
tc cardiac catheterization. Two of these patients are long- 
tem survivors, although one patient suffers from mild 
chrenic congestive heart fadure. The third patient in this 
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group died suddenly of an apparent arrhythmia six months 
after mitral valve replacement while doing well in class 1 
status. One patient with a history of progressive disabling 
angina sustained an occlusion of the left main coronary 
artery in the catheterization laboratory and was brought 
directly to the operating room while he was evolving a 
large myocardial infarction. This patient could not be 
weaned from cardiopulmonary bypass with intra-aortic 
balloon counterpulsation. 

None of the patients discharged from the hospital showed 
electrocardiographic evidence of additional myocardial 
injury after institution of intra-aortic balloon coun- 
terpulsation. All had evidence of previous myocardial 
damage at the time of operation. They then suffered addi- 
tional reversible damage requiring intra-aortic balloon 
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counterpulsation for support. There were no new myocar- 
dial injury patterns that appeared after intra-aortic bal- 
loon counterpulsation. 


COMMENT 


All patients in this series were in left ventricular power 
failure, unresponsive to all forms of therapy other than in- 
tra-aortic balloon counterpulsation. Since they could not 
maintain their circulation without counterpulsation, it is 
reasonable to assume that most, if not all of them, would 
have died without balloon counterpulsation. There were 
five long-term survivors (42%) with good quality of life. 

Intra-aortic balloon counterpulsation reduces left ven- 
tricular work, decreases myocardial oxygen consumption, 
and may improve coronary perfusion by diastolic augmen- 
tation.™® Balloon counterpulsation has also been shown to 
decrease the extent of myocardial ischemia after coronary 
occlusion.'' The indications for counterpulsation are not 
well defined. Left ventricular power failure or cardiogenic 
shock after myocardial infarction is an established indica- 
tion for counterpulsation. These patients in left ventricu- 
lar power failure after myocardial infarction often require 
surgical therapy in addition to balloon counterpulsation to 
insure adequate long-term survival. There are three spe- 
cific indications for balloon counterpulsation: left ventric- 
ular power failure after acute myocardial infarction, left 
ventricular power failure after cardiopulmonary bypass, 
and occurrence of arrhythmias associated with hypoten- 
sion produced by acute myocardial ischemia. Patients with 
preoperative left ventricular power failure, usually due to 
acute myocardial infarction, can be stabilized on counter- 
pulsation prior to catheterization and surgery. These pa- 
tients need cardiac catheterization, including left ven- 
triculography and coronary arteriography, to delineate 
the coronary anatomy, the left ventricular contour and 
function, and evaluate intracardiac shunts and mitral 
valve integrity. 

Left ventricular power failure after cardiopulmonary 
bypass is an ominous sign. Patients who are unable to 
maintain their circulation without cardiopulmonary by- 
pass face certain death unless the clinical status is quickly 
improved. In our series, we utilized balloon counter- 
pulsation when death seemed otherwise inevitable. 

Arrhythmias associated with hypotension may be re- 
fractory to the usual suppressant drugs or ventricular 
function may be further compromised by such medication. 
Ischemic areas of myocardium subjected to stretch and re- 
gional hypoxia’? may be a source of ventricular irritabil- 
ity. Intra-aortic balloon counterpulsation may interrupt 
this downward spiral of arrhythmia and hypotension by 
decreasing left ventricular peak systolic pressure and im- 
proving coronary blood flow in ischemia areas.”:'’ Three of 
our patients exhibited this combination of arrhythmia and 
hypotension, and all promptly responded to intra-aortic 
balloon counterpulsation. Our longest survivors at 25 and 
31 months were in this group. 

Some clinicians have utilized counterpulsation for treat- 
ment of preinfarction angina’ or for prophylaxis in po- 
tentially difficult cases..‘ We have not utilized balloon 
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counterpulsation in cases of preinfarction angina since we 
have obtained satisfactory results with urgent revascular- 
ization alone. Patient 5 may have been a candidate for 
prophylactic balloon counterpulsation, in retrospect. This 
patient had marginal left ventricular function with an 
ejection fraction of 25%. However, she showed some evi- 
dence of reversible depression of left ventricular function 
since the ejection fraction rose to 34% following a ventric- 
ular premature beat.'* There is ample evidence'™*’ that pa- 
tients with poor left ventricular function are at increased 
risk for coronary artery surgery. Intra-aortic balloon 
counterpulsation appears to broaden the potential for re- 
constructive surgery in patients with favorable coronary 
anatomy despite poor left ventricular function. 

Weaning from intra-aortic balloon counterpulsation re- 
quires careful appraisal of several hemodynamic factors. 
If there is a substantial rise in left atrial pressure or a fall 
in blood pressure or hourly urine output, weaning should 
be discontinued. The appearance of ventricular irritabil- 
ity, or in some cases atrial arrhythmias, may require a 
temporary halt in weaning for further support and man- 
agement. There is a trend toward increased left atrial 
pressure associated with the change in left ventricular 
function that occurs with weaning. This is usually well tol- 
erated; however, one of our patients required phlebotomy 
of one unit of blood in order to accomplish weaning. All 
patients benefited by aggressive diuretic therapy to treat 
the pulmonary manifestations of left ventricular power 
failure. 

Patients unable to support their circulation after resec- 
tion of large ventricular aneurysms have an ominous prog- 
nosis. There were no long-term survivors of left ven- 
tricular aneurysmectomy and left ventricular power failure 
requiring intra-aortic balloon counterpulsation. This 
finding suggests that left ventricular power failure after 
ventricular aneurysm resection may be a consequence of 
inadequate residual ventricular function rather than re- 
versible ischemic myocardial damage. 

There is a small group of patients with left ventricular 
power failure after cardiopulmonary bypass who have re- 
versible myocardial failure. This group with marginal car- 
diac output may be salvaged because intra-aortic balloon 
counterpulsation supports the circulation during the pe- 
riod of myocardial depression and allows recovery of myo- 
cardial function. These patients do not show a satisfactory 
response to the usual inotropic interventions. There exist 
theoretical objections to the use of inotropic therapy, such 
as isoproterenol, that may increase myocardial oxygen 
consumption in such cases.*’ Intra-aortic balloon counter- 
pulsation seems to be a satisfactory method of assistance 
for the ischemic myocardium in intractable left ventricu- 
lar power failure after cardiopulmonary bypass. 
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Editorial Comment 


Drs. Lamberti et al present a concise summary of their experi- 
ence with intra-aortic balloon counterpulsation for patients with 
coronary artery disease unable, after direct surgery, to accept 
again the circulatory burden. Wisely and fortunately, the authors 
hasten to add that only 4% of their total material qualified for this 
extraordinary therapy. Five patients appear to have been sal- 
vaged, and four are class 1 at a mean survival period of nearly two 
years. How the heart was protected during the coronary artery 
operative procedure and just what drugs were used are really ir- 
relevant questions with respect to the analysis of this clinical ma- 
terial. The point is that 12 rather than seven of these patients 
would be dead if intra-aortic balloon pumping had net been uti- 
lized. The writers have apparently appropriately added the intra- 
aortic balloon pump to their management of the patient with left 
ventricular power failure who does not immediately rejoice in the 
fruits of his coronary artery surgery. 

Norman E. SHumway, MD 
Palo Alto, Calif 
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Pediatric Tropical 


Intussusception in Haiti 


Thomas F. Minehan, MD, Robert J. Touloukian, MD 


Thirty cases of intussusception in children from the Hôpital Albert 
Schweitzer (HAS) in Deschapelles, Haiti, were compared with 35 
cases from Yale-New Haven Hospital (YNHH) during a similar period. 
Most epidemiologic factors were similar. The principal difference 
was later appearance and diagnosis at HAS. The overall survival rate 
for this disease at HAS was 53%, while 100% of patients at YNHH 
survived. Careful preoperative management with fluids, electrolytes, 
and antibiotics, combined with the more routine use of the Mikulicz 
procedure, should help to réduce the high mortality that accom- 
panies pediatric intussusception in Haiti. 


Porrero in the infant is a classic pediatric 
subject. This conditjon, if promptly recognized and 
treated by hydrostatic reduction with barium, or by oper- 
ation, has a low morbidity and negligible mortality in this 
country.’ In stark contrast to these figures are the results 
of treatment in many other parts of the world. In India a 
50% mortality is reported for infants under 1 year of age.’ 
The significance of these data is confused by the preva- 
lence of dysentery, amebic disease, typhoid fever, and 
poor living conditions, and it is difficult to determine what 
role the delay in diagnosis and differences in treatment 
have on the outcome.’ 

One of the authors (T.F.M.) recently spent several 
months at the Hôpital Albert Schweitzer (HAS), Descha- 
pelles, Haiti, and was able to study firsthand one pattern 
of tropical intussusception in the pediatric patient and 
compare this experience with pediatric intussusception on 
the pediatric surgical service of the Yale-New Haven Hos- 
pital (YNHH). Thé study was conducted to determine the 
relative importance of various epidemiologic factors and 
patient management in the overall outcome of treatment 
in the two countries. 


METHODS AND MATERIALS 


The HAS is a 130-bed general hospital located in a remote trop- 
-ical area about 145 km from Port-au-Prince, the capital of Haiti. 
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It is supported by a nonprofit foundation that maintains a group 
of American trained physicians and surgeons who work coopera- 
tively with Haitian medical graduates. The HAS receives patients 
from a radius of 161 km. They arrive on foot, on horseback, or on 
makeshift buses called camions, which are the main means of 
transportation between villages high in the mountains and the 
towns along the coast. Telephones are almost nonexistent, and the 
telegraph lines are only partly reliable. 

The peasant population lives off the land, eats meat perhaps 
twice a month, and relies heavily on rice and beans as the staples 
of the diet.‘ Infants are nursed for as long as one year. Kwashior- 
kor, tuberculosis, neonatal tetanus, and typhoid fever are indig- 
enous to the population and in areas not directly served by the 
dedicated public health workers the infant mortality may surpass 
35%. 

Thirty cases of intussusception in infants and children diag- 
nosed and treated at HAS from 1966. to 1972 were analyzed and 
compared to the last 35 cases of intussusception seen at YNHH 
between 1967 and 1973. 


Fig 1.—Seasonal incidence of intussusception at YNHH and HAS. 
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Fig 2.—Duraticn of symptoms correlated with mortality at YNHH 
end HAS. 
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Fg 3.—Type əf mtusstsceptien cor-elated with mortality at YNHH 
anc HAS. 2 


RESULTS 
Age and Sex 


Twenty-five of 30 patienzs seen at HAS were 2 years of 
age or younger at time of onset, as were 27 of 35 YNHH 
petients. Botn series showed the usual slight male pre- 
pemderance reperted dy others.’ In Haiti, 18 of 30 patients 
were male, campared to 21 of 35 at Yale. 
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Fig 4.—Distribution of apex of intussusception at YNHH (open cir- 
cles) and HAS (solid circles). 
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Fig 5.—Results of treatment of intussusception at YNHH and 
HAS. 


Cause 


Crowding, poor hygiene, and inadequate sanitation con- 
tribute to parasitic infestation with Ascaris, Entamoeba 
histolytica, Giardia, and hookworm in as much as 50% of 
the pediatric population of Haiti. Evidence of infestation 
was documented in eight of 30 (27%) of our Haitian pa- 
tients and one of 35 children at YNHH. The incidence of 
tuberculosis in Haiti is approximately 3% of the general 
population. None of the children in our series had concur- 
rent tuberculosis. 
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A seasonal incidence was observed at both HAS and 
YNHH, supporting the possibility of a respiratory patho- 
gen, such as adenovirus, in the cause of intussusception.’ 
Some clustering of cases occurred in late spring and early 
summer in Haiti as well as a peak in December. Shallow 
peaks occurred in the YNHH series during the winter, 
late spring-early summer, and again in the fall (Fig 1). 

A duplication cyst of the ascending colon and a jejunal 
fibroma were responsible for an ileocolic and an enteric in- 
tussusception in two patients at YNHH; no pathologic 
lead points were identified in the Haitian patients. 


Symptoms and Signs 


Abdominal colic was a uniform initial complaint in both 
series. Almost all patients at both institutions gave a his- 
tory of vomiting prior to admission, but an abdominal 
mass could be felt in only 11 of 30 patients at HAS and 19 
of 35 at YNHH. Rectal bleeding was observed by history 
or rectal examination in 60% of patients at HAS and 63% 
at YNHH. 

The duration of symptoms prior to admission accounted 
for the greatest difference in the two series. As can be 
seen from Fig 2, two thirds of HAS cases were seen later 
than two days after onset of symptoms, while two thirds 
of YNHH cases were seen within 24 hours. Haitian pe- 
diatric intussusception appears as a prolapsing mass in 
one of three patients; this finding was not observed at 
YNHH. 

Intussusception was initially misdiagnosed in one of 
three of the patients in each series. We believe that in 
Haiti this is due in large part to difficulty in distinguish- 
ing the occasional case of intussusception from the hun- 
dreds of other pediatric gastrointestinal tract problems 
caused by dysentery, parasites, and nutritional disorders. 
It is also partially explained by the lack of a trained radi- 
ologist for six months of each year to perform a barium 
enema. 


Type and Location of Intussusception 


Ileocolic intussusception predominated in both groups, 
being found in 31 of 35 patients at YNHH and 22 of 30 pa- 
tients at HAS. Enteric intussusception comprised the re- 
mainder of both groups, except for two cases of colocolic 
intussusception at HAS that originated in the cecum and 
sigmoid colon. A comparison of the three types of intus- 
susception described, with survival, is shown in Fig 3. 

Distribution of the apex of intussusception in all cases 
at both YNHH and HAS is shown in Fig 4. The great ma- 
jority of cases at HAS were found in the distal half of the 
colon, with 11 of 30 appearing either as a prolapse or a rec- 
tal mass palpable on digital examination. 


Treatment 


Eight of 21 patients operated on at HAS died; no deaths 
occurred in 17 patients at YNHH. Hydrostatic reduction 
was successful in 18 of 32 children at YNHH but only once 
in 15 attempts at HAS. 

Forty percent of patients at HAS had simple oper- 
ative reduction compared to 78% at YNHH (Fig 3). Two 
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patients at HAS had closure of perforations after reduc- 
tion. One recovered, only to die of small bowel volvulus 
several weeks later, while the other died of peritonitis at 
five days, secondary to breakdown of the suture line. The 
remaining patients underwent resection of gangrenous 
bowel and either primary anastomoses or Mikulicz resec- 
tion without anastomosis. Five primary anastomoses were 
carried out at HAS; three were successful, while one 
leaked at five days causing death, and the other child died 
one day after operation with peritonitis and sepsis. 

Five patients at HAS underwent Mikulicz resections; 
two with established peritonitis and gangrenous intestine 
died at one and five days, respectively, following oper- 
ation, while the other three patients had a smooth recov- 
ery. 

Operative reduction with or without incidental appen- 
dectomy was performed in 13 of 18 patients at YNHH 
without complication. One patient survived operative re- 
duction and closure of perforation; three other children 
underwent intestinal resection and primary anastomosis. 

The results of treatment by hydrostatic reduction and 
operative reduction with and without resection are shown 
in Fig 5. Note that five patients at HAS died following hy- 
dration and antibiotic therapy, before hydrostatic reduc- 
tion or operation could be attempted. In addition, two 
other patients recovered following identification of spon- 
taneous reduction intussusceptions in the ileum and sig- 
moid colon. 

The use of antibiotics is almost routine at HAS where 
peritonitis and gangrenous bowel segments are the rule 
rather than the exception. Eighty percent of the HAS pa- 
tients received concurrent antibiotics, usually penicillin 
and streptomycin or chloramphenicol. Treatment with an- 
tibiotics at YNHH was usually reserved for cases where 
resections were necessary. 


COMMENT 


Our comparison of Haitian and Connecticut cases of pe- 
diatric intussusception uncovered many similarities in the 
epidemiology of the disease. The age of onset, sex ratio, 
history of preceding respiratory infection, initial symp- 
toms, and delay in treatment because of initial mis- 
diagnosis were all remarkably similar. The 27% associa- 
tion of parasites and intussusception at HAS probably 
occurs by chance where one of every two children has 
worms. A causal relationship between parasitic infesta- 
tion and intussusception is difficult to establish since the 
evidence of infestation in the Haitian children with intus- 
susception was lower than might be expected by chance 
alone. The presence of parasites does serve to delay and 
confuse the diagnosis of intussusception because of the 
similarity of initial complaints. We believe that Haitian 
pediatric intussusception probably has a cause similar to 
that found in the United States and may be related to 
adenovirus infection. ; 

The major factor that turns tropical intussusception 
from a relatively benign condition into a frequently lethal 
problem is a delay in admission, diagnosis, or treatment, 
substentially increasing the frequency of compromised 
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bewel, intestinal obstruction, severe hydration, and sepsis. 
Tais is a crucially important problem for enteric and 
i eocolic intussasception that predominates in Haiti, while 
iz is not true for the cecoeolic intussusception of Ibadan, 
N geria, whick tends to run a more chronic course.’ 
Caronic intussusception hes also been described in the Ko- 
rsan population, where symptoms may be present for as 
leng as a menh without ~ascular injury to the bowel. 

‘Of particular interest was the fact that 35% of our Hai- 
t an cases had prolapse or a mass that could be felt on rec- 
tal examination. None of she YNHH cases had this find- 
ima. The more distal site of the apex of intussusception is 
probably due to a longer duration of intussusception, al- 
tough an unwæually mob le ileocecal mesentary and ce- 
cam would con-ribute to this finding. 

Antibiotics play aa important role in the preoperative 
pr2paration at HAS because of the common occurrence of 
nanviable bowel, peritonit:s, and fecal soilage. We favor 
their routine use in this secting, but are more selective in 
their use at YY HH. 

When reseetion is required. the Mikulicz exteriorization 
resection is the safest ane fastest procedure. Several of 
omr cases at HaS had mapr complications following pri- 
mary anastomesis, which might have been successfully 
managed with -his methoc The advantages of an exteri- 
orzed stoma ia the face of peritonitis or questionable 
bawel are self-evident. 
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Editorial Comment 


This clinical review strikingly emphasizes the importance of 
early recognition and treatment of intussusception in young chil- 


dren. The many factors that contribute to morbidity and mortal- 


ity with intussusception are lucidly reviewed by the authors. The 
likelihood of reducing an intussusception by hydrostatic barium 
enema is considerably enhanced if the condition is suspected early 
after its onset. Under the difficult conditions encountered in many 
patients at the HAS, perhaps a temporary ileostomy might be pre- 
ferable to an anastomosis. 

Eric W. FonKAtsrup, MD 

Los Angeles 
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Hormone-Substrate Interrelationships 


Following Trauma 


Michael M. Meguid, MD; Murray F. Brennan, MD; Thomas T. Aoki, MD; 


Walter A. Muller, MD; Margaret R. Ball; Francis D. Moore, MD 


Serial blood samples were collected from 14 injured persons on 
admission to the hospital and at regular intervals for 24 hours. 
Seven of the patients had severe and seven had minor trauma. Hy- 
perglycemia, elevated free fatty acid (FFA) levels, hypoinsulinemia, 
hyperglucagonemia, and elevated cortisol levels were observed in 
many instances. These changes were more pronounced when trauma 
had been more severe. 

Interrelationships between the hormones and the nutritional sub- 
strates were revealed as an inappropriately low insulin level for the 
concomitant glucose concentration and a breakdown of the relation- 
ship of glucose to FFA. We postulate that, in trauma, the gradual rise 
in glucagon contributes to the increase in concentration of glucose 
and FFA, and that the cortisol rise synergizes with the elevated 
glucagon concentration to favor gluconeogenesis from muscle 
amino acids. Relatively low circulating insulin levels favor these 
metabolic changes. 


P trauma, there is an increase in urinary nitrogen ex- 
cretion’ that persists despite zero nitrogen intake.” Pe- 
ripheral skeletal muscle appears to be the principal source 
of small molecular weight nitrogen compounds that are 
metabolized in increased quantity after injury. The con- 
comitant increases in the excretion of creatine and creati- 
nine, as well as the bulk wasting of skeletal muscle, sup- 
port such a view. Other sources of body protein (eg, 
viscera) do not show appropriate changes. The muscle 
amino acids are transported in the blood stream to the 
liver where the glucogenic amino acids are converted to 


i 


Accepted for publication June 27, 1974. 

From the Department of Surgery, Harvard Medical School at the Peter 
Bent Brigham Hospital (Drs. Meguid, Brennan, and Moore and Ms. Ball), 
and Joslin Research Laboratory (Drs. Aoki and Muller), Boston. 

Reprint requests to Department of Surgery, Harvard Medical School, Pe- 
ter Bent Brigham Hospital, 721 Huntington Ave, Boston, MA 02115 (Dr. 


‘Meguid). 


776 Arch Surg/Vol 109, Dee 1974 


glucose, with the consequent excretion of the nitrogen 
moiety in the urine as urea. 

In patients with simple starvation, the need for gluco- 
neogenesis has been rationalized on the basis that an im- 
mediate supply of glucose is essential for continued brain 
function until the nervous system can adapt to ketone 
metabolism.’ 

Following injury, the metabolic situation differs from 
the starvation state in that nitrogen excretion and gluco- 
neogenesis are more marked and hepatic gluconeogenesis 
is not readily reversed by the provision of exogenous glu- 
cose. Amino acids are needed not only for energy require- 
ments but also to supply substrates for protein synthesis 
in the healing wound and for the rapidly replicating nor- 
mal tissues of the immunologic and reparative group.'” 

Insulin and glucagon are important mediators of the 
above processes.” Circulating insulin is a factor in deter- 
mining the flux of amino acids across muscle cells’* and in 
determining the disposition of other substrates in periph- 
eral tissues. High concentrations of the anabolic hormone 
insulin lead to protein and triglyceride synthesis and 
stimulate glucose uptake in the periphery, while the re- 
verse is true for low circulating insulin levels. Glucagon, 
which has been shown to have hepatic glycogenolytic® and 
hepatic gluconeogenic activity,” stimulates the uptake 
and the conversion of these amino acids to glucose by the 
liver." Both the glycogenolytic and the gluconeogenie ac- 
tions of glucagon on the liver are antagonized by insulin.” 

After severe trauma, hyperglycemia, decreased glucose 
tolerance, enhanced insulin resistance," increased mobili- 
zation of proteins," and elevated glucagon levels'** have 
been reported. To overcome these metabolic derange- 
ments and to reduce the concomitant marked urinary 
nitrogen loss, some investigators have administered phar- 
macological amounts of exogenous insulin with accom- 
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penying glueose to burned patients.” These investigators 
reported a reduction in urmary nitrogen loss, supporting 
the concept thas depressed concentrations of insulin may 
be responsible for nitrogen loss and for the hyperglycemia 
of trauma"; the insulin was given rather late after the 
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žig 1.—Plasma and serum ccncentrations of hormones (insulin, 
gltcagon, and cortsol) and substrates (glucose and free fatty acids 
[FFA]) in seven major ard seven minor trauma patients observed 
over 24-hour pericd. First point is admission blood sample arbi- 
trarily plotted at 0.5 hours although duration between injury and ad- 
mission sample varied from 0.3 to 4.0 hours. Most significant find- 
ings are early elevetions of plasma glucose concentration in severe 
injury with concomitantly low-normal insulin concentration, with 
gredually rising glecagon concentration reaching value three times 
ne-mal in approximately 18 hours. 
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burn. Increases in endogenous insulin production could 
not be excluded as a possible cause of the changes seen. 

The present study was designed to compare and con- 
trast changes in glucagon, insulin, and cortisol in major 
and minor injury, and to relate these to concomitant 
changes in blood glucose and free fatty acids (FFA). A 
theory to account for the posttraumatic metabolism is pro- 
posed. Evidences for and against it are reviewed briefly. 


PATIENTS AND METHODS 


Fourteen patients, ten males and four females, were studied. 
Their ages ranged from 17 and 61 (mean, 32). They were studied 
following admission to the emergency ward at the Peter Bent 
Brigham Hospital, with a history of recent injury. Informed con- 
sent for blood sampling was obtained from the patient or his or 
her relatives. The clinical management of the patient was not al- 
tered by this study. Nonfasting blood samples were drawn on ad- 
mission and at 6, 12, 18, and 24 hours after the time of trauma. Pa- 
tients who were taking any form of long-term medication and 
those with systemic or metabolic disease were excluded from the 
study, as were patients in whom the injury involved the liver, pan- 
creas, adrenal glands, or kidneys. On admission, the extent of the 
patient’s injuries, as summarized in the Table, was graded on a 
semiquantitative scale of 10, placing seven individuals in a major 
trauma group and seven in a minor trauma group. Durimg the 24- 
hour observation period, patients were fasted and received a mix- 
ture of glucose, saline, plasma, and blood intravenously as indi- 
cated clinically. 

Blood for glucagon estimation was collected into chilled tubes 
treated with sodium edetic acid (EDTA) as the anticoagulant and 
aprotinin (Trasylol), the broad spectrum proteinase inhibitor. All 
blood samples were immediately spun and the supernatant fluid 
was stored at —20 C until assayed. Plasma glucagon levels were 
determined using the 30K antisera which is highly specific for 
pancreatic glucagon*’; insulin levels by the radioimmunoassay 
double-antibody technique”; and plasma glucose by the Hoffman 
method. Serum free fatty acid levels were determined using the 
Dole single extraction method” and free plasma cortisol levels by 
the specific competitive protein-binding, charcoal-coated dextran 
extraction method.” 

For statistical analysis, the student t test was used. The data in 
the results and diagrams represent the mean plus or minus one 
standard error of the mean (SE). The hormone-substrate values in 
trauma were plotted on a graph that was superimposed on corre- 
sponding hormone-substrate values obtained from normal volun- 
teers in our laboratory for comparison.** These data are repre- 
sented by the shaded area. The volunteers were treated by bed 
rest, and they received glucose infusions at rates ranging from 5 
gm/hr to 30 gm/hr. Plasma glucose, serum insulin, FFA, and 
plasma glucagon levels were determined serially during the vari- 


able-dose glucose infusions. 


RESULTS 
Plasma Glucose 


The mean admission plasma glucose values (Fig 1) of 
the seven major trauma patients was 153 mg/100 ml + 9 
mg/100 ml. This rose to 282 mg/100 ml + 60 mg/100 ml at 
12 hours (P=.06), falling to 165 mg/100 ml + 39 mg/100 
ml by 24 hours. In the minor trauma group, plasma glucose 
concentration declined from 130 mg/100 ml + 11 mg/100 
ml on admission to 107.6 mg/100 ml + 15 mg/100 ml by 24 
hours. 
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Serum FFA Serum Insulin 
Free fatty acid levels on admission (Fig 1) were ele- The admission and subsequent insulin values (Fig 1) in 
vated in both major (941uEq/liter + 230uEq/liter) and mi- both major and minor trauma groups were not signifi- 


nor (678uEq/liter + 95uEq/liter) trauma groups and re- cantly different at any point except at 18 hours (P <.05). 
mained above the normal serum FFA range throughout Circulating insulin levels on admission were lower than 
the observation period. The peak value of 1070uEq/liter expected for the prevailing degree of glycemia. The mean 
was reached at six hours posttrauma and declined steadily value was 16.6uU/ml + 6uU/ml in both groups, which is 
by 24 hours. No significant difference was noted in the se- comparable to postabsorbent fasting basal insulin concen- 
rum FFA values between the two groups. trations. In the minor trauma group, a minimal change oc- 


Summary of Clinical Data 





Surgery: Time 
Patient No./ Blood Pressure on Intravenously Administered After Trauma & 
Age, yr/Sex Injury Admission, mm Hg Fluids in 24 hr Anesthesia Used 
Major Trauma 
1/61/M Gunshot wound 165/70 1,000 ml lactated Ringer solution Surgery in first 6 hr 
in right arm, 125 ml 5% dextrose in water Nitrous oxide, fluroxene, 
lacerated artery atropine 
2/30/M Fractured femur 140/80 1,000 ml lactated Ringer solution Surgery in third 6 hr 
1,000 ml 0.9% saline Morphine, nitrous oxide, | 
3 units blood Thiopental (Pentothal) sodium 
3/25/F Hemorrhage, duodenal 110/60 500 mI 0.45% normal No surgery 
ulcer saline per 2.5% dextrose 
in water 
| 4 units blood 
4/41/M Multiple pelvic 100/50 2,000 mI 5% dextrose Surgery in third 6 hr 
fractures in water Oxygen, fluroxene, curare 
2 units blood 
5/17/M Gunshot wound in 120/70 2,500 mI 5% dextrose Surgery in first 6 hr 
back muscle, soft in water Thiopental sodium, 
tissue trauma 4 units blood nitrous oxide, fentanyl, 
halothane 
6/50/F 60% third-degree 120/40 3,700 ml plasma protein No surgery 
burn fraction (Plasmanate) 


3,500 lactated Ringer solution 
25 gm mannitol 
2,450 mI 5% dextrose 
in water 
2,300 ml mannitol 


1 unit blood 
7/20/M 60% third- and 160/60 5,000 mi plasma protein Surgery in second 6 hr 


fourth-degree burns; fraction Morphine, nitrous oxide, 
compound fracture 720 mI 5% dextrose thiopental sodium 
left femur in water 


500 ml 5% dextrose in saline 
3,000 ml 2.5% dextrose 
and 0.45% saline 
1,500 ml 0.9% saline 
630 ml mannitol 


- 3 units blood J 
Minor Trauma 
8/30/M . Head injury 120/80 1,000 ml lactated Ringer solution No surgery 
9/24/M Fractured ribs 120/75 2,400 mI 5% dextrose No surgery 


: in water 
10/28/M Stab in right 120/80 2,400 ml lactated Ringer solution No surgery 
costal margin 
11/21/F Fractured femur 180/100 1,000 ml 5% dextrose Surgery in third 6 hr 


in water Nitrous oxide, halothane, 
4 units blood pentobarbital 


(Nembutal) 
12/26/M Abdominal wall wound 140/85 1,500 mI 5% dextrose No surgery 
in water 
13/30/M Hemorrhage, duodenal 150/60 6 units blood No surgery 
ulcer e E E N D. 
14/36/F Fractured right 160/80 2,400 mi 5% dextrose No surgery 


humerus in water 
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‘Sig 2.—Relation of serum insulin concentrations to plasma glu- 
cose cencentrations. Shaded area -epresents mean (solid line) with 
two standard deviations on either sice (95% confidence limits) for 
regression of plasma glucose om serum insulin, as described by the 
regression equation (top left). Vany trauma patients have insulin 
concentration &sp-oport onately low in relation to plasma glucose 
concentration. 


cured in the serum insulin level corresponding to a mod- 
est decline in pasma glucce. 


Plasme Glucagon 


In the major -rauma groap, the admission and six-hour 
posttrauma giueagon levels (Fig 1) remained within the 
upper limits of normal for tais assay (50 pg/ml to 300 
pg/ml). Despite the existing hyperglycemia, glucagon lev- 
els rose progressively to 45C pg/ml + 63 pg/ml at 12 hours 
(P <.01), 687 pzaml + 113 pg/ml at 18 hours (P <.001), and 
572 pg/ml + -2E pg/ml at 24 hours (P <.02). In two pa- 
tients, ene witk a compound femoral fracture and the 
other with 60% third-degree burns, the glucagon levels 
were at the upper limits of the standard curve at 18 and 24 
hoars pesttrauna (> 800 pg/ml). In contrast, the plasma 
glucagon levels in the minor trauma group (Fig 1) de- 
creased to 15£ pg/ml + 21 g/ml by 24 hours. A signifi- 
cant difference ketween the mean glucagon levels of the 
two groups was noted from 12 hours onward. The peak 
glucagon level recorded at 38 hours occurred six hours af- 
ser the peak glicose level was observed in the major 
trauma group 


Plasmé Cortisol 


The cortisol vaues of 13 patients were analyzed (Fig 1). 
The mean admission value for the major trauma group 
was 1LWug/10 ml + 1.0ug/100 ml and gradually rose to 
plateau at 18.Sug/100 ml + =.6g/100 ml by 12 hours. The 
minor trauma zroup admission value was 20ug/100 
ml+ 5.dug/10® ml ard rapidly fell to 3.5ug/100 ml + 
1.6wg/100 ml ty 24 hours. 


Hormane-Substrate Interrelationships 


Te assess the nsulin-glu@se, FFA glucose, and FFA- 
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Fig 3.—Serum fatty acid (FFA) concentrations as function of 
plasma glucose concentration. See Fig 2 for construction. Here, in 
virtually all instances, trauma patients fall above normal band. Se- 
rum fatty acids are disproportionately elevated relative to plasma 
glucose concentrations, both in major and minor injury- 


insulin relationships, Fig 2, 3, and 4, respectively, show the 
individual data from the trauma patients superimposed on 
data obtained from the normal control group. Figures 5 
and 6 show the relationships between FFA and glucagon 
and glucagon and insulin. 


COMMENT 


The results of this study indicate that the elevated 
plasma glucose and the serum FFA levels are consistent 
with the relatively low serum insulin concentrations and 
rising plasma glucagon concentrations. In the more severe 
injuries, these changes are exaggerated. 

Hyperglycemia was more marked in the major trauma 
group. This cannot be attributed to varying glucose infu- 
sion rates alone, despite the prevailing state of glucose in- 
tolerance. The infusion of glucose into normal man at a 
rate equal to an estimated hepatic glucose production of 


100 mg/min decreases endogenous glucose production to — 


one fourth of fasting level. In patients with major 
trauma, the glucose oxidation and turnover rates are 
doubled, suggesting increased glucose synthesis from gly- 
cogenolysis and hepatic gluconeogenesis.” 

Low insulin levels would contribute to such a hypergly- 
cemia. In man, a concentration of insulin inappropriately 
low for the corresponding glucose concentration appears 
to be the usual response to trauma.” Conflicting evi- 
dence, as to the B-cell response to glucose in trauma, ap- 
pears to be due in part to species differences.” -*' 

In the patients studied, the admission serum insulin lev- 
els in both groups were equivalent to basal fasting insulin 
concentrations, despite a markedly elevated plasma glu- 
cose level. Serum insulin levels gradually rose in both 
groups but remained disproportionately low for the corre- 
sponding plasma glucose level in major trauma. At 18 
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Fig 4.—Serum free fatty acid (FFA) concentrations as function of 
serum insulin concentration. See Fig 2 for construction. Normal line 
and 95% confidence limits for normal volunteers receiving glucose 
(5 gm/hr to 30 gm/hr) intravenously; as sole provision, are shown. 
Most trauma patients fall above line, having disproportionately high 
FFA concentration relative to serum insulin. 


hours the serum insulin level became significantly ele- 
vated when compared to the admission level. This is due to 
high insulin values found in two burn patients. As can be 
seen from Fig 2, their individual values, 90uU/ml and 
994U/ml, fell within the 95% confidence limits of the nor- 
mal insulin-glucose relationship. However, the mean se- 
rum insulin value of 60.5uU/ml + 18uU/ml for all the ma- 
jor trauma patients at 18 hours following trauma was 
inappropriately low for the corresponding mean plasma 
glucose of 174.3 mg/100 ml + 20 mg/100 ml. At 24 hours, 
the serum insulin level was again not statistically signifi- 
cantly elevated when compared to the admission value. 
Despite the presence of hyperglycemia and the adminis- 
tration of exogenous glucose, a significant 2.5-fold gluca- 
gon rise occurred in the seven severely traumatized pa- 
tients. Five of the seven major trauma patients and one of 
the seven minor trauma patients required early operation. 
The effects of operation and anesthesia have been found 
to be contributors to the stress of injury.” However, the 
glucagon rise occurred over a period of 18 hours. Although 
six of the seven major trauma patients received whole 
blood as compared to only two patients in the minor 
trauma group, this factor is also unlikely to be the cause 
of the glucagon rise in the former group. Hyper- 
aminoacidemia results in a rapid and simultaneous insulin 
and glucagon rise.** An infusion of glucose to superimpose 
hyperglycemia on hyperaminoacidemia diminishes the 


- glucagon rise.” In our patients (Fig 1), the glucagon rise 


was steady and slow, and became significantly elevated 12 
hours after trauma and was not accompanied by an insu- 
lin rise, 

In Fig 2 the values for serum insulin and plasma glucose 


of trauma patients are plotted. The linear regression 


(r=.9; P <.001) and the 95% confidence bands of insulin 
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Fig 5.—Serum free fatty acid (FFA) concentrations as function of 
plasma glucagon concentration. Cross represents mean normal 
concentration of serum FFA and plasma glucagon + SD for normal 
volunteers studied. Most trauma patients fall above this area, show- 
ing no linear relationship between plasma glucagon and serum FFA. 
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Fig 6.—Plasma glucagon as function of serum insulin. In normal 
volunteers studied, plasma glucagon-serum insulin relationship is 
depicted by area bound by dotted lines. In these trauma patients, 
plasma glucagon rise occurred in presence of relatively low serum 
insulin concentrations. 


and glucose values for normal fasting subjects in our labo- 
ratory are shown for comparison.” Most of the patients 
from the major trauma group fall outside, while most of 
the minor trauma group fall inside the confidence bands. 
This evidence supports the concept of inappropriate insu- 
lin levels for the corresponding degree of glycemia in se- 
verely injured patients. 

Since inadequate circulating insulin levels appear to 
play a major role in the altered rates of substrate oxida- 
tion following trauma, insulin secretion has been mea- 
sured during experimental hemorrhagic shock by a num- 
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ber of investigetors. Several authors have concluded that 
decreased penereatie blocd flow produced by systemic 
hypotension ws responsible for diminished insulin secre- 
tipn.**-*8 

Stress and its metabolic effects are mediated in part 
through norepmephrine from autonomic nerve endings, 
which modulates insulin secretion under basal and stress 
situations.’ Sy-temie hypctension, like other stress condi- 
tions, depresse: B-cell activity directly via the autonomic 
nervous system. Rappaport et al,’ in dogs, mechanically 
decreased bieoc flow in the pancreatic arterial supply by 
50%. This led #0 an increase in insulin concentration in 
pancreatic veneus blood without a concomitant change in 
insulin secretory rate. On this basis, any fall in pancreatic 
bood flow assoziatec with hypotension might result in a 
rising insulir cencen=ration rather than the observed fall. 

In our pat-erts, hypotension was not a clinical feature 
fellowing admBsion. The observed plasma glucagon rise 
might have been greater if persistent hypotension had oc- 
curred because a ris2 in glueagon concentration may be 
stimulated lw ncreesed sympathetic activity": and by 
catecholamimes***° 

The relatimelz low insulm concentrations probably con- 
tributed to the rise in serum FFA shown in Fig 3. Hyper- 
g ycemia normally leads te an insulin-mediated inhibition 
o° adipose tissue lipase activity, thereby decreasing FFA 
and glycerol réease from adipose tissue. Figure 4 shows 
that the norma relation between the plasma levels of glu- 
cese and FF a is disturbed in the trauma patients. Despite 
hyperglycema, elevated serum FFA concentrations per- 
sisted. - 

Catecholarmires rapidly mobilize fatty acids from adi- 
pose tissue, resalting in an immediate but not a sustained 
rise in FFA im the plasma.** Since glucagon is thought to 
have lipolytic properzies,‘*~* there is the possibility that in 
addition to lew insulin levels, rising glucagon levels may 
contribute tc the prelonged and sustained FFA rise seen 
in our patients following trauma. It was recently demon- 
strated that pharmacological concentrations of glucagon 
g ven to juvenile dmbetics caused a significant rise in 
arterial glyc=rol concentration,’ presumptively due to 
lipolysis. 

In our stucy <here was no consistent direct relation be- 
tween plasma glucagon and serum FFA as shown in Fig 5. 
Figure 6 deroastrates the distortion of the relationship 
between plasma glucagon and serum insulin seen in 
trauma. Once azain, the alterations are exaggerated with 
the severity of the injury. : 

A persistent »lasma cortisol rise was found in the major 
trauma grow. In tie mimor trauma group, the initial 
pasma cortisol 2levazion gracuelly fell to normal limits by 
the end of the 24-hour observation period. 

Since the earliest studies of the metabolic effect of ad- 
renocorticotrop-c hormone (ACTH), followed by the in- 
creasing evicerce on the metabolic effects of cortisol, it 
has been evicert tha- the adrenal corticosteroids are asso- 
cmted with mooilizazion of intracellular substances from 
skeletal musele including amino acids, polypeptides, cre- 
atine, creatirir=, and potassium. 
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Corticosteroids markedly enhance the gluconeogenetic 
response to glucagon.”* The permissive effect cf cortisol 
could be mediated through an increased sensitivity of 
adenosine 3’:5’-cyclic phosphate in the liver to plasma 
glucagon, thus enhancing the hepatic effects of glucagon. 
The infusion of glucocorticoids to fasting normal subjects 
increased plasma glucagon concentration, which was par- 
alleled by a rise in the prime gluconeogenic amino acid 
alanine.” Both glucose and insulin levels rose, but no net 
total urinary nitrogen change occurred.™ It appeared that 
the catabolic effects of glucocorticoids on peripheral sub- 
strate depot in healthy volunteers were negated by the 
anabolic effects of insulin, in response to the rising plasma 
glucose levels. 

The results from this study show that, followmg injury 
of sufficient magnitude, a change occurs in the hormone- 
substrate relationship that leads to the posttraumatic cat- 
abolic picture seen. From the data shown in this article, 
together with information available in the literature, we 
propose a theory to account for the metabolic events that 
occur immediately after injury. 


THEORETICAL CONSTRUCT 


The basic endocrine activation is that of the cate- 
cholamines from the adrenal medulla and from sympa- 
thetic nerve endings throughout the body. The stimulus to 
production of catecholamines after trauma may be re- 
garded as the net vector of many forces ranging from fear 
and apprehension on the one hand, to tissue irjury, low 
flow states, tissue hypoxia, hypercapnia, and seasis. 

Catecholamines stimulate the supraoptic nuclei to the 
production of ACTH that leads to an increased production 
of cortisol from the adrenal cortex.” At the same time the 
catecholamines inhibit the central production of insu- 
lin.“ -° While the cells of the pancreatic islet are ander the 
influence of catecholamines, there is increased production 
of glucagon.** The elevated molar ratio of glucagon to in- 
sulin has a specific effect in the liver, >® favoring rapid 
glucogenesis from amino acids with elevation ef plasma 
glucose levels, and the excretion of increased amounts of 
urea in the urine.” 

The inhibition of insulin production results in the dis- 
proportionately and persistently low plasma insulin con- 
centration, which favors an amino acid efflux from muscle. 
Certain of these amino acids provide the substrate for 
gluconeogenesis, whereas others (the branched chain 
amino acids) are oxidized from their ketone form and are 
not available for recycling in muscle. 

At least three factors favor the mobilization of fat from 
adipose tissue: catecholamines acting directly, depressed 
levels of serum insulin, and elevated levels of plasma 
glucagon. The mobilization of fat following injury pro- 
vides the majority of needed substrate for general body 
oxidative processes while the brain, in this early period, is 
still entirely reliant on glucose.’ 

As long as the nature of the injury continues to stimu- 
late the production of catecholamines, their typical post- 
traumatic metabolic adaptation is observed. When, by 
spontaneous subsidence, or subsidence enabled by defini- 
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tive operation, the catecholamine stimulus declines over 
the course of a few days, the patient turns from the post- 
traumatic metabolism to that of simple starvation, very 
receptive to provided substrates and readily passing into 
convalescent anabolism and resynthesis of tissue. 
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Editorial Comment 


Accelerated catabolism beycnd that occurring with simple star- 
vation is a characeristic of the injured patient. The conversion of 
muscle protein te glucose occurs by efflux of amino acids from 
muscle and incresed hepatic gluconeogenesis. The reasons for the 


_ need for large amounts of glueose after injury, if they are indeed 


necessary. the diiiculties in reversing this hypercatabolic state, 


_ and the signals or mechanisms that produce increased muscle pro- 


tedlysis ave net well understood. Available information has indi- 


| ais cated that adrenscortical hormone and human growth hormone 


were probably nc involved in this process, but a relative insulin 
deficit may be a factor and glucagon may play a role. The authors 
new provide further evidence ‘or mechanisms that are involved in 


the hyperzatabolsm of injury by their measurements of both 


hormone level and nutritional substrates and their inter- 
rdationships. Thar observations of an inappropriately low insulin 
level for the concemitant gluccse concentration and an increase in 
‘glucagon and FF" allow them to develop a hypothesis that, with 
injury, a concemitant rise in glucagon and cortisol together in- 


ae 
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crease gluconeogenesis from muscle amino acids and that these 
changes are favored by a relatively low circulating insulin level. 


They further theorize that the basic endocrine activation mecha- 


nism may be an increase in catecholamine output that would in- 
hibit insulin secretion, increase the production of glucagon, and 
increase cortisol secretion through ACTH. Several details in their 
report are unclear, such as why a patient with a fractured femur 


who receives four units of blood is classified as having minor ~ 
trauma, whereas a similar patient receiving three units of blood is 


in the major group. Also, as in any clinical study, there are vari- 
ations and vagaries in individual patients and in the two groups, 
but these do not alter the basic message. Not only does this work 
add to our knowledge of the complex changes after injury, but ex- 
citing possibilities for modifying the hypercatabolic postinjury 
state can also be contemplated. 


St. Louis 
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Salvage of the Ischemic Lower Extremity 
in Patients With Poor Runoff 


Richard T. Purdy, MD; Prafull Bole, MD; 
Winston Makanju, MD; Rino Munda, MD 


Twenty-three patients with threatened loss of a lower extremity 
due to advanced arteriosclerotic occlusive disease had poor runoff 
(none of the tibial vessels extending to the ankie). Although many 
would consider this an unfavorable prognosis for reconstruction, 
femoropopliteal bypass was performed using autogenous saphenous 
vein graft with preservation of functional extremities in 21 out of 22 
surviving patients. Subsequent closure of the graft in three limbs at 
11, 12, and 18 months did not reproduce the symptoms or threaten 
the viability of the extremities. This experience supports the suit- 
ability of severely ischemic extremities for revascularization despite 
poor runoff. 


| hes and late graft patency of femoropopliteal re- 
construction has been reported to be related to the dis- 
tal arterial outflow, as visualized by angiography. How- 
ever, the pessimistic attitude toward salvage of the se- 
verely ischemic extremity with poor distal arterial runoff 
has been disputed and attempts at revascularization with 


good results, even with isolated popliteal segments, have 


been recommended by many authors.'-’ 

Our experience over the last four years with femor- 
opopliteal autogenous saphenous vein bypass in 23 con- 
secutive patients having poor distal arterial outflow is re- 
viewed and results are reported with regard to graft 
patency and limb salvage. 


Subjects 


Twenty-three patients with advanced arteriosclerotic ischemic 
lesions were reconstructed. The age of the patients ranged from 
50 to 84 years, the average being 70. Diabetics tended to be 
younger. The initial symptoms were rest pain (18), ulceration 
(nine), pregangrenous changes (five), gangrene (six), and severe 
claudication (11). In two patients the sole indication was severe 
claudication: one was about to lose his job because of the severity 
of the symptoms and the other had recently lost the opposite leg 
due to rapidly progressive gangrene in which there was no oppor- 
tunity to do a vascular reconstruction. Those patients who did not 
have claudication were too disabled to walk. 
eg EEE NLS SET ESS ee ee 
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Four of the patients had popliteal aneurysms and are included 
because of poor runoff and ischemic symptoms. Two of these had 
acute rupture of the aneurysm and two were admitted with in- 
creasing ischemic symptoms presumably due the periodic shed- 
ding of clot distally. 

In the entire group, we believed that limb loss was imminent 
due to the described lesions. 

Diabetes (15) and atherosclerotic heart disease (16) were com- 
monly associated diseases. Less common were old myocardial in- 
farction (seven), hypertension (five), and chronic renal disease 
(two). Two patients had previous amputation of the opposite ex- 
tremity for gangrene. 


Angiographic Distribution of Lesions 


The translumbar or retrograde catheter techniques 
were employed to obtain distal arteriography and assess 
adequate runin. 

In all cases, the femoral pulses were palpable. In none of 
the runoff beds did a tibial vessel extend in continuity 
from the popliteal artery to the level of the ankle. In three 
patients, one or more tibial remnants reached midcalf in 
continuity, but in the remainder the block was complete at 
the level of the trifurcation. In ten patients, distal to the 
trifurcation block, there was tibial reconstitution of suit- 
able quality to have been selected as the site of distal im- 
plantation. In these ten patients, the popliteal stump was 
utilized with uniform success. Of interest is the fact that, 
during this series, only two patients had tibial reconstitu- 
tion in the absence of a popliteal stump. These patients 
are not included as they had tibial bypasses. 

The angiograms shown are typical of the material in 
this series. Figure 1 shows a popliteal stump in a case in 
which there was no distal tibial reconstitution. Figure 2 
shows a complete trifurcation block typical of most of the 
patients in the series. 


Technique 


Earlier we utilized a transverse incision to expose the femoral 
vessels and the saphenous vein. We later utilized separate vertical 
incisions at different levels to spare intervening lymphatics in 
an attempt to lower the incidence of postoperative edema in the 
extremity. 

The use of a separate incision for exposure of the saphenous 
vein on the groin made it possible to delay the exposure of the 
femoral artery until after the vein graft had been prepared for 
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Fæ 1.—Left, Preoperative arteriogram showing reconstituted popliteal segment with no distal tibial vessel re- 
constituted. Right, Postoperative arteriogram at 24 months showing patent autogenous saphenous vein graft. 


implantation. The groin incisons are also the first ones to be 
closed. The incadence of wound complications has been minimal, 
neme resulting in zraft zlosure. There were two superficial infec- 
tions and two episodes cf superficial necrosis that did not lead to 
further complications. A reversed autogenous saphenous vein 
graft was utilized in all cases. The common femoral artery could 
be utilized for implantation of the upper end of the graft in most 
cases. Presence o” inadequate length of the vein graft necessi- 
tated implantation intc the superficial femoral artery in two 
eases. Most grafts were placed below the knee, the tibiofibular 
trank being the most ccmmon usable artery. Endarterectomy of 
the distal vessels was avoided Flow rates measured intraopera- 
tively in two cases showed the rate to be 50 and 60 ml/min. 

[n these cases with popliteal aneurysms, ligation immediately 
proximal and dest.] was performed in preference to excision. The 
vein graft was then implantec end to side above and below. 


Results 


Twenty-three patients were operated on from two 
months to 34 years prior tc this report, the average being 
two years. No patients were lost to follow-up. The average 
stay in the hespital was 20 days. One patient died in the 
pestoperative period from massive pulmonary embolism, 
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giving a surgical mortality of 4%. Limb salvage was 96%. 
There were six late deaths unrelated to the condition of 
the extremity. Three patients died of coronary throm- 
bosis, one of cancer, and two from renal failure 

Twenty-one patients were discharged from the hospita! 
with patent grafts. Of the two early graft closures, one 
(closed at 24 hours postsurgery) could be successfully re- 
vascularized and was thought to be due to technical error. 
The second patient (closed at 60 days postsurgery) re- 
quired above-knee amputation and represents the only 
limb loss in the series. There were three late closures at 11, 
12, and 18 months, but all of these patients remained 
asymptomatic. One of these patients died of myocardial 
infarction (20 months postbypass) and another following 
an abdominoperineal resection (again 20 months post- 
bypass). The third patient is asymptomatic three years 
postsurgery and 18 months postclosure. 

In all surviving extremities, good function was restored. 
In those with gangrene and open ulcers, all amputations 
and skin grafts were successful. Small open lesions not re- 
quiring skin grafts became painless and subsequently 
healed. 
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Fig 2.—Postoperative arteriogram 26 months after femoropop- 
liteal vein bypass (on patient's left side) in patient with poor runoff. 


Comment 


Our experience further verifies the principle of utiliza- 
tion of poor runoff for arterial vascular reconstruction in 
patients with threatened loss of the extremity. It is seen 
that these grafts tend to remain stable and that, if they 
last until the primary lesion is healed (eight to 12 months 
in this series), the prognosis for the extremity remains 
good. The hemodynamic data of Mannick and co-work- 
ers'’ cite flow rates in successful vein grafts as low as 15 
ml/min of mean flow. The average flow in their series was 
approximately 50 to 60 ml/min, consistent with the mea- 
surements in patients in this series. 

In patients with superficial femoral artery occlusion and 
a reconstituted popliteal artery with obstruction at the 
trifurcation and subsequent reconstitution of one or more 
tibial vessels, we elected to employ the popliteal or tibial 
peroneal trunk as the site of distal implantation. There 
were ten patients (48%) who fell into this category. All of 
this group had successful reconstructions. This is at vari- 
ance with the suggestion of Reichle and Tyson‘ and other 
authors, but we have continued to do so because of our 
high immediate success rate and the necessity of eval- 
uating an alternative approach. 

Two gratifying events in our patients were the immedi- 
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ate loss of pain and the corresponding marked increase in 
temperature of the extremities. Although late closure does 
not necessarily result in loss of the extremity or return of 
symptoms, it is not justified to assume that there is some 
form of increased collateral flow as a result of the func- 
tioning graft that persists following closure. An alterna- 
tive consideration is the return toward normal of the 
metabolic requirement of healed noninflamed tissue. This 
series also points out that the surgeon should not be con- 
cerned exclusively with long-term graft patency as the 
critical factor in evaluating the surgery of the threatened 
extremity. Preservation of the limb without symptoms is 
a far more important criterion to the patients. 
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Editorial Comment 


Fifteen years ago femoropopliteal arterial bypass grafts or en- 
darterectomies would succeed only if the patient had good runoff, 
as defined by a relatively normal distal popliteal artery with one 
or more tibial vessels patent down to the level of the foot. How- 
ever, with the widespread acceptance of the reversed autogenous 
saphenous vein graft as the preferred method of reconstruction 
for femoropopliteal occlusive disease, it has become apparent that 
many vein grafts remain patent and extremities are salvaged in 
the face of what would once have been considered unsatisfactory 
runoff. Femoral popliteal vein grafts will, in fact, often succeed 
when the lower anastomosis is placed in an isolated segment of 
popliteal artery, that is, a portion of midpopliteal artery, with a 
superficial femoral artery occlusion above and a distal popliteal 
artery below that fills and empties exclusively by collaterals. 

Purdy and his associates present further evidence that autoge- 
nous vein grafts can have a high success rate in patients with far- 
advanced femoropopliteal occlusive disease, including those pa- 
tients with isolated popliteal artery segments. 

They also point out that, in patients with distal popliteal arte 
rial occlusion, the technical difficulty of performing a bypass vein 
graft to one of the tibial vessels in the calf can often be avoided by 
placing the distal anastomosis of the graft in an isolated popliteal 
artery segment without jeopardizing the patient’s chances før 
long-term limb salvage. The experience of our own group cer- 
tainly bears this out. 

JOHN A. MANNICK, MD 
Boston 


Salvage of Ischemic Lower Extremity/Purdy et al 


Lumbar Sympathetic Ganglia in 


Atherosclerotic Patients, 


Diabetic and Nondiabetic 


A Comparative Morphological and Ultrastructural Study 


The lumbar sympathetic ganglie of ten atherosclerotic patients, 
six diabetics and feur nondiabetics, were examined by light and elec- 
tren microscopy. Giant neurons and vacuolation of the neurons were 
observed in the diabetic patients. Electron microscopy showed di- 
lated endoplasmic reticulum cisterns with formation of large vacu- 
oles. A few neusors were filled with membranous bodies. Axonal de- 
generation was observed. Blood vessels showed duplication of the 
basal membrane. ~he neuronal lesions are considered to represent 
primary effect ef diabetes not related to blood vessel lesions. The 
sympathetic ganglia lesions may be responsible for the unsatisfac- 
tory results of sympathectomy in diabetics. 


reviows studies have suggested that atheroscle- 

rotie patients suffering from occlusion of the periph- 
eric arteries benefit more from sympathectomy than do 
diabetic patients.'? These reports did not include patho- 
logical studies of the lumbar sympathetic ganglia. The 
present invest gation wes undertaken to determine 
whether there are any merphological differences in the 
sympathetic gaaglia between atherosclerotic and diabetic 
patients to explain this discrepancy in clinical results. 


MATERIAL AND METHODS 


Examination wes made of ten sympathetic ganglia, six from di- 
abetic patients and four from atherosclerotic nondiabetic pa- 
tients The subjects were all men, ranging in age from 50 to 68 
years. The main @mplaint was intermittent claudication in both 
groups, and twe cases of rest pain in the diabetic group. The dura- 
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tion of symptoms was one to four years. Trophic or gangrenous 
changes were recorded in only two diabetic patients. Angio- 
graphic studies performed on all patients demonstrated arterial 
involvement of such degree that reconstructive surgery was not 
possible and sympathectomy was required. Three diabetic pa- 
tients underwent amputation of the leg after sympathectomy, 
whereas no amputations were performed in the atherosclerotic 
group. Tables 1 and 2 summarize the clinical features of the six di- 
abetic and four nondiabetic atherosclerotic patients. 

The sympathetic ganglia were removed and immediately di- 
vided into two halves. One half was fixed in 4% formalin, em- 
bedded in paraffin, and sections stained with hematoxylin-eosin, 
PAS, Glee silver impregnation for neurofibrils, and Luxol fast 
blue for the demonstration of myelin. 

The second half was fixed in 2% phosphate-buffered and chilled 
glutaraldehyde for two hours, postfixed in 2% osmium, and em- 
bedded in epoxy resin (Epon). Ultrathin sections were stained 
with uranyl acetate and lead citrate. 


RESULTS 
Light Microscopy 


Nondiabetic Patients.—In all four ganglia, the neurons, 
satellite cells, blood vessels, and nerve fibers appeared nor- 
mal. All neurons contained large amounts of chremolipoid 
within the cytoplasm. The blood vessel walls were thin and 
no PAS-positive material was detected. In the sections 
stained with Luxol fast blue, a few myelinated fibers were 
seen traversing the ganglion. The Glee silver method 
showed uninterrupted neurofibrils within nerve cells and 
axons. 

Diabetic Patients.—-The neurons in the ganglia showed 
two dominant lesions. The first consisted of translucent 
vacuoles located in the cytoplasm. Some neurons con- 
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Fig 1.—Large vacuole within cytoplasm of neuron (hematoxylin- 
eosin, X 320). 


tained one to three vacuoles approximately 10u in diame- 
ter, while others had a single large vacuole measuring up 
to 70u to 80u, with the nucleus and cytoplasm pushed to 
the periphery (Fig 1). Chromolipoid granules were seen in 
the cytoplasm but were absent from the vacuoles. The con- 


tent of the vacuoles did not stain with any of the above 


methods. 
The second lesion, also in the cytoplasm, consisted of gi- 
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Fig 3.—Dilated endoplasmic reticulum cisterns dispersed in cytoplasm of neuron (uranyl acetate and lead citrate, x 7,100). 
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Fig 2.—Giant neuron, nucleus, and Nissl bodies pushed to pe- 


riphery; note fine granularity of cytoplasm (hematoxylin-eosin, 


x 160). 
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ant oval neurons with granular eosinophilic material (Fig 
2). The granular material was PAS-positive. No changes 
were seen with Luxol fast blue stain, and myelinated ñ- 
bers similar to those observed in nondiabetic patients 
were detected. The Glee silver impregnation revealed 
ganglia identical with those of the nondiabetics. The in- 
traganglionic blood vessels appeared normal on staining 
with hematoxylin-eosin and PAS. 
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=ig 6.—Cytadasm of neuron filled with membranous bodies 
(urany! acetate and lead citrate, x 6,000). 


Electron Microscopy 


Nondiabetic Fatients.-Large neurons in the cytoplasm 
w th centrally lecated nucleus and nucleolus showed rough 
erdoplasmic reticulum, few mitochondria, and abundant 
chromolipoid granules. Satellite cells surrounded the neu- 
rons and appeared normal. 

Diabetic Patients.—_In many neurons, numerous dilated 
erdoplasmic ret culum cisterns were dispersed throughout 
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Fig 5.—Confluence of multiple cysts of dilated endoplasmic reticu- 
lum with formation of large single cyst (uranyl acetate and lead cit- 
rate, X 14,000). ; 
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Fig 7.—Axonal degeneration. Axon containing mitochondria, vesi- 
cles, dense bodies, and filaments (uranyl acetate and lead citrate, 
x 6,000). 
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the cytoplasm, forming an image of multiple adjacent 
cysts (Fig 3). In other neurons, most of the neurcnal cyto- 
plasm was replaced by a large vacuole (Fig 4), at the edge 
of which were a few small cysts resembling the cystic dila- 
tion of the endoplasmic reticulum (Fig 5). The large cyst 
gives the appearance of a confluence of multiple small 
cysts of the dilated endoplasmic reticulum. In a few neu- 
rons, numerous membranous bodies filled the cytoplasm 
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Fig 8.—Blood vessel showing duplication of basement membrane (uranyl acetate and lead citrate, x 7,100). 
Fig 9.—Schwann cell with multiple irregular invaginations of cell membrane. 
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In center is normal axon (uranyl acetate and lead citrate, 
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Patient Age, Main 
No. yr Complaint 
1 61 Rest pain, inter- 









mittent claudication 


2 62 ~ Intermittent claudication 
3 50 Rest pain, inter- 

mittent claudication 
4 62 Intermittent claudication 
5 65 Intermittent claudication 


59 Intermittent claudication 








Table 1.—Diabetic Patients 


DUT SST O E S ce E ee Se 


Duration of Trophic or Amputation Post- 
Symptoms, yr Gangrene sympathectomy 
3 a Above knee 
Gangrene fourth toe Below knee 
1 Gangrene fourth toe Above knee 
1 


Table 2.—Atherosclerotic Patients 


Main 
Complaint 
Intermittent claudication 
Intermittent claudication 
Intermittent claudication 
Intermittent claudication 





(Fig 6),and im taese cells ne dilated endoplasmic reticulum 
was observed Some axons were filled with mitochondria, 
vesicles. dense bodies, and filaments (Fig 7), which repre- 
sented an axensl degeneration. The blood vessels showed 
duplication of tae basement membrane (Fig 8). In a few 
Schwann cells tae cel. membrane showed multiple irregu- 
lar invagimatiors (Fig 9). 


COMMENT 


Functional disturbances of the autonomic nervous sys- 
tem in diabete patients were recently described in detail 
by Colby and Locke.* According to Odel et al, the au- 
tonomic dysfinetion in diabetics simulates the effects of 
sympathectomy-The absenee of amelioration in the circu- 
lation of ihe lover extremities following sympathectomy 
in diabetics may be expla. ned by previous pathological 
changes in the sympathetic ganglia. 
= The pathology of the sympathetic nervous system was 
deserived by Aopenzeller and Richardson,’ Olsson and 
Sourander,® Budzilovich, Hopfner et al, and Faerman et 
al” Giant neurons ard vacuolation of the neurons were 
found by all these investigators, as well as by us. Hopfner 
et al,’ in an ultrastruetural study of diabetic sympathetic 
ganglia, described vaeuolizetion of the neurons and their 
prolongations. However, the precise nature of the vacuoles 
was not determined. In the present study, the vacuolation 
seemed to represent a confluence of dilated cisternae of 
endoplasmic ret-culum. Enlargement of the cisternae of 
the endoplasmic reticulum was observed in the superior 
cervical gangl-a of the rat under anoxia,” but this dilation 
never caused the formation of a large intracytoplasmic 
vacuole like tha found in diabetics. Massive dilation of 
rough-surfaced endoplasmic reticulum was observed in rat 
liver administration of carben tetrachloride, and this dis- 
-ention was attr buted to the ingress of water and sodium 
ions inte the sel. 

Martin,” in a study of the lesions of peripheral nerves 
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Amputation Post- 
sympathectomy 


Trophic or 
Gangrene 


Duration of 
Symptoms, yr 
3 


3 
4 
2 


in diabetics, concluded that the small-caliber, nonmyeli- 
nated fibers degenerate more extensively than the larger, 
myelinated fibers. He thought the former represented au- 
tonomie nerve fibers and considered the primary lesion to 
be a degeneration of axis cylinders, with the reduction in 
the myelin sheaths being a secondary phenomenon. Ina 
more recent study, Thomas and Lascelles™ reported that 
diabetic neuropathy is associated with segmental demyeli- 
nation of peripheral nerve fibers; a loss of axons and pro- 
liferation of Schwann cells was evident, but no mention 
was made of lesions of the autonomic nervous system. The 
question, therefore, arises as to whether the neuronal 
changes do not represent retrograde degeneration second- 
ary to axonal injury. In their study, Barron et al" failed to 
demonstrate the presence of vacuolar changes in retro- 
grade degeneration. Matthews” reported finding a single 
vacuole resulting from secondary retrograde degeneration 
in a thalamic neuron. The small size of this single vacuole 
eliminates, in our opinion, the possibility that the huge 
multiple vacuoles found in sympathetic ganglia neurons 
represent a phenomenon of retrograde degeneration. 

Membranous bodies were observed by Hopfner et al, 
who found these bodies in nondiabetic elderly patients as 
well, in contrast to the present study, in which they were 
not observed in the control nondiabetic patients. The 
membranous bodies are described as multilamellated 
bodies or myelin figures, representing breakdown prod- 
ucts of membranes.’ 

The presence of axonal degeneration in the present 
study also indicates neuronal lesions. There is still contro- 
versy about whether vascular lesions are a causal factor in 
the nervous system alterations. Whereas Budzilovich' and 
Faerman et al’ state that diabetic neuropathy is a pri- 
mary neuronal degeneration independent of vascular dis- 
ease, Olsson and Sourander® and Hopfner et al* stress the 
importance of the vascular alterations in the diabetic 
ganglia. In the present study, minimal vascular changes 
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were observed in contrast to the extensive neuronal 
changes, and it is therefore our opinion that the neuronal 
lesions are unrelated to the vascular lesions. 

The bundles of Schwann cell processes forming multiple 
invaginations were more abundant in chronically diseased 
nerves.'* The precise mechanism of this type of growth is 
unclear, but they are considered to represent a regenera- 
tive phenomenon. 





According to the results obtained in this study, the le- 
sions found in the sympathetic ganglia of the diabetic pa- 
tients may explain the unsatisfactory results following 
sympathectomy in these patients. Although this study 
deals with a small group of patients and further studies 
are necessary, we believe that the indication for lumbar 
sympathectomy in diabetic atherosclerotic patients should 
be reassessed. 
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Editorial Comment 


The nature of the fundamental defect in diabetic neuropathy 
remains to be resolved. The finding of cystic dilation of the endo- 
plasmic reticulum provides one more bit of morphological evidence 
of disorder in the nerve cell. Whether this is the primary site of 
the abnormality or whether these changes reflect the effects of a 
process at a distance cannot be determined on surgical material. 
Transsynaptic degeneration, retrograde degeneration, the effects 
of abnormalities in the Schwann cell, and membrane abnormal- 


792 Arch Surg/Vol 109, Dec 1974 


ities consequent on the utilization of the polyol pathway are 
among the possible alternative considerations. What is clear is 
that these morphologically abnormal cells of synpathetic ganglia 
function poorly, so that the expectation for improvement follow- 
ing surgical sympathectomy must be reduced. 
SIMEON LOCKE, MD 
Boston 
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Surgery and Sclerotherapy 


in the Treatment of Varicose Veins 


A Random Trial 
John T. Hobbs, MD, FRCS 


Varicose veins are a common oroblem, and yet there is divergent 
Opinion as te whethe~ surgery or sclerotherapy is the preferred 
method of treatment. After establishing a reliable injection tech- 
nique, the methed was compared with standard surgical procedures 
in a random trial. The results showed that after one year 82% of un- 
seleeted patients were cured by injection, but after six years the cure 
rate was only 7S. The surgical result was not as good at one year, 
but much better than injection after six years. When the results were 
considered for three cistinct clinical groups, the analysis showed 
that the best orimary treatment for dilated superficial veins and for 
incompetentper orating veins in the lower part of the legs was injec- 
tion-compressios. However, surgery was much more successful and 
long-lasting when there was involvement of the saphenous systems 
with proximal incompetence. 


{ J aricose veins and their complications are a very 
commen problem causing much morbidity and de- 
manding asubstantial part of hospital resources. It is sur- 
prising that there is sach disagreement as to which 
methed of treatment is most effective. 

In current practize, surgeons have used injection ther- 
apy only for minor varices and those remaining after sur- 
gery. Howaver, with adequate techniques, even the 
grossest varicose veins ear be eliminated by injection. 
Scleretherapy has been widely practiced in central Europe 
for 50 years and, during tne last 20 years, Fegan' has mod- 
ified the method and established a large clinic in Dublin. 
Sinee patiests with varicose veins overburden the surgical 
resources of most Britisk hospitals, several clinical trials 
were established te determine the effectiveness of scle- 
rotherapy and to find a method that was economical, both 
in time and cost. The present study of varicose veins at St. 
Mary's Hospital, Lcndon, is a result of this and, to date, I 
have personally treated and observed more than 6,000 legs 
of 4,000 patients for up to ten years. 

The study comprises three parts: (1) 1,212 patients 
treated by injection-compression in a pretrial from 1963 to 
1966; (2) 74€ patients treated by surgery versus injection- 
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compression in a random trial from 1966 to 1968; and (3) a 
trial of selection of 2,200 patients based on the results of 
the random trial. 

As a basis for planning the best method of treatment of 
varicose veins, the late results of the random trial are pre- 
sented. The early results have been reported else- 
where.?:3(pp28-31) 


SUBJECTS AND METHOD 
Clinical Data 


During the two-year period, 1966 to 1968, 746 consecutive new 
patients were seen and allotted to one of four groups: group 1, 35 
patients who refused to participate in the trial; group 2, 211 pa- 
tients who were rejected as unsuitable for surgical treatment; 
group 3, 250 patients for surgery; and group 4, 250 patients for 
injection. 

The patients were clinically assessed, photographed, and classi- 
fied; the details being recorded on a card before an envelope was 
opened. A statistician provided these random trial envelopes and, 
according to the envelope, each patient was treated by an injec- 
tion-compression technique or by standard surgical methods. 


Method 


The patients allocated to injection-compression treatment were 
seen in a special clinic staffed by myself and one nurse. The initial 
phase of this study had been to establish a reliable injection tech- 
nique with which consistently good results could be obtained*\""***") 
before embarking on the random trial. 

At the first visit, with the patient standing, the veins were care- 
fully assessed using palpation and the “sliding finger” method to 
determine “points of control.” These points were marked and 
were intended to include all sites where incompetent perforating 
veins joined the superficial veins. The patients were then treated 
in the horizontal position with the leg elevated. Sodium tetradecy] 
sulfate (Trombovar [Britain]; Sotradecol injection, comparable US 
product) 3% was found to be the most effective sclerosant pres- 
ently available. Using disposable 2-ml syringes fitted with 25- 
gauge X 16-mm needles, 0.5 ml (maximum 0.75 for very large 
“plowouts”) of 3% sodium tetradecyl sulfate was injected into the 
empty vein at the “points of control” and it was found that by 
making more injections at the patient’s first visit, repeated 
courses of treatment were required less often. The number of in- 
jections averaged 11.4 per leg. 

Because of the increased number of injections, it was not easy 
to use large sponge rubber pads; dental rolls tended to blister and 
sometimes mark the skin, but cotton wool balls were found to be 
very satisfactory. These balls are supplied in bags of 250 large or 
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Fig 1.—Six-year results of treatment of varicose veins by surgery 
and by injection in random trial. 


500 small size and, when there was a thick subcutaneous fatty 
layer, several large balls were used. On thin legs a single small 
ball was used and was pulled out to prevent excessive pressure 
over bony prominences. The wool balls were retained in place by a 
small strip of 2.5-em wide nonirritant hypoallergic surgical adhe- 
sive tape (Dermicel). 

The leg was then firmly bandaged using 7.5-cm and 10-em cot- 
ton crepe bandages with limited stretch (Elastocrepe). A length of 
elasticized surgical tubular stockinette-type bandage, foam- 
padded, porous, and inert (Tubipad) (25 em or one third of a 
pack), size P5, reversed, was placed over the knee and under the 
bandages to increase mobility and prevent slipping of the band- 
ages. Finally, the bandages were covered by a length of flesh-col- 
ored elasticized surgical tubular stockinette (Tubigrip), size G4X, 
which is as effective as an elastic stocking, but much cheaper and 
readily available. 

Although the injections and bandaging were made while the leg 
was elevated, an “intravascular hematoma” sometimes occurred 
and was no disadvantage so long as it was evacuated when the 
bandages were changed at three weeks: at this time, the local 
pressure pads of wool were removed. After six weeks, at the third 
visit, the bandages were removed and a strong, two-way stretch 


elastic stocking (Scholl Duoten) was worn during the day for an- 


other four to six weeks. 

The treatment of varicose veins by surgery employed the stan- 
dard surgical procedures including: flush saphenofemoral ligation, 
long saphenous vein stripping, short saphenous vein stripping, 
multiple extrafascial ligations, avulsion of varicosities, and sub- 
fascial ligation of the perforating veins. Initially, the surgery was 
to be carried out by the general surgeons but, because of delays 
and administrative difficulties, most of the patients for surgery 
were treated by me. This random trial, therefore, compared en- 
thusiastic sclerotherapy with enthusiastic surgery; this point is 
important when carrying out such a time-consuming and repeti- 
tive task for a common disorder. 


_ After treatment, the patients were seen and reassessed at six- 


month intervals for up to six years. Questionnaires were sent out 
at one and four years with returns of 96% and 78%, respectively. 
The results were assessed as cured, improved, or failed and based 
on the poorest assessment by the surgeon or the patient; “cured” 
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Fig 2.—Classified results of treatment of varicose veins in random 
trial. 


meaning that there were no symptoms or signs and no varicose 
veins could be found, “failed” meaning that the leg was the same 
or worse than before treatment. 


RESULTS 


To date, full data were available on 404 legs treated by 
injection and 275 legs treated by surgery. The overall re- 
sults from the two methods of treatment ere shown in Pig 
1. It can be seen that, at one year, injection therapy is 
more effective with a very high cure rate. but this begins 
to fall at two years and this failure rate increases 
markedly during the fourth, fifth, and sixth years after 
treatment. At one year, surgery showed a lower success 
rate, but this did not fall as rapidly with time. The falloff 
in the success of treatment by injection-compression oc- 
curred despite repeated courses of treatment, so that the 
cost in time and materials may be multiplied by a factor 
of one to four. It is clear that a long follow-up is necessary 
before any conclusions can be reached with regard to the 
best primary treatment of varicose veins. 

To determine the reasons for failure in each of the two 
treatment groups, the results were further analyzed. 
There is considerable disagreement as to a reliable classi- 
fication of varicose veins because of considerable overlap. 
Therefore, an arbitrary classification was made to differ- 
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Recommended Treatment for Different Vein Problems 


Type of Vein Problem 
Trivial cosmetic veins 22% 
Dilated superficial veins 8% 
Lewer leg perferating veins 5% 
Pestthrombetie syndrome 4% 
Leng saphenous veinonly 51% 
Short saphenous veinonly 5% 


Both long and short 
saphenous weins 


Best Primary Treatment 


39% Injection-compression 


61% Surgery 





entiate three distinet groups: group 1, dilated superficial 
veins; group 2. incompetence of the lower leg perforators 
enly; group 3, involvement of the long and short saphe- 
nous systems. When reconsidered in these three groups, 
the results cf -he two methods of treatment are given in 
Fig 2. 

It is immediately apparent that dilated superficial veins 
and incompetent lower ‘eg perforating veins are best 
treated by injection-compression. 

When there is involvement of the saphenous systems, 
the early resul:s (on2 year) of treatment by injection-com- 
pression are good, but this success is not maintained for 
longer than two to three years, so that by four years, the 
results of in ection treatment show a very low success rate 
anda rapidly increasing failure rate. Sclerotherapy can be 
repeated easily but at a cost of time, inconvenience, hospi- 
tal resources, and finance. 

With a leag=r follow-up, it soon became clear that sur- 
gery provided a much mere permanent ¢re when there 
was saphenous vein involvement. Injection-compression 
treatment seon failed when there was gross incompetence 
of the saphencfemoral junction, and this reflected the ex- 
perience of many phlebologists who have found that for 
this group cf datients, injection treatment needed to be 
repeated after four to five years to maintain the good 
early results. In this large group of patients with in- 
competence of the proximal saphenous systems, good re- 
sults were obtained from surgery. This surgery need not 
be extensive since a flusa saphenofemoral ligation with 
stripping of tae long saphenous vein down to the upper 
part of the calf caused minimal disability after a 24-hour 
hospital stay end, in most cases, resulted in complete re- 
lief of symptoms. Residual veins on the lower part of the 
leg often disaopeared during the next few months after 
surgery. If these veins persisted because there was no ef- 
fective museular tissue in the walls of these veins, they 
could easily be treated by injection-compression at subse- 
quent visits. Since these persistent veins are usually con- 
fined to the lower part of the leg, the injection treatment 
is a minor preeedure. 

Proximal incompetence was present in 60% of the 746 
patients seen -onseeutive y during the period of the trial, 
and injectien “reatment failed in this group because ade- 
quate compression could rot be obtained or maintained. It 
is this group who benefited most from surgical treatment, 
and this treatment is a simple procedure. In the presence 
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of proximal incompetence, combined treatment offered 
the best long-term results. It was apparent that the sur- 
gery should be carried out first because, in addition to a 
better result, the injection therapy, if required, was sim- 
pler and confined to the lower part of the leg. 

In the present series, where surgery had failed, the 
patients were treated by injection-compression with a 
marked improvement, and the patients in whom injection 
treatment had failed then underwent surgery. In 50 legs 
first treated by injection, surgery was then performed 
and, in 83 legs initially treated by surgery, injection-com- 
pression therapy was then used. Eight patients required a 
second operation because, in one, the saphenofemoral liga- 
tion had not been flush in the presence of a double long 
saphenous vein and, in seven, a short saphenous vein in- 
competence had not been found at the time of the first op- 
eration. The results of the combined treatment im this lim- 
ited series, when there was proximal incompetence of the 
saphenous systems, showed a marked improvement in the 
late results. Based on the results of this randem trial, a 
third phase, the trial of selection, was begun im 1968 and 
to date more than 3,000 legs have been treated by this 
combined approach. 


CONCLUSIONS 


It is clear that there is a place for both surgery and in- 
jection in the treatment of varicose veins and the physi- 
cian must be competent in both methods and equally en- 
thusiastic if he is to select the most effective plan for 
treatment. 

This study has shown that surgical treatment should be 
confined to the proximal long and short saphenous veins 
only. The long saphenous vein is best stripped down, but 
only to a point just below the knee where there is often a 
large incompetent perforating vein; this point is above the 
level where the saphenous nerve joins the vein. The perfo- 
rating veins in the lower part of the leg do not communi- 
cate directly with the long saphenous vein but via the 
loops of the posterior arch vein. Any residual veins are 
easily treated by injection-compression, requiring a band- 
age on the lower part of the leg only; five weeks compres- 
sion is sufficient time. | 

Incompetent lower leg perforating veins, often associ- 
ated with skin complications, are best treatec by injec- 
tion-compression. I am not convinced that the mjection is 
always made at the site of a perforating vein and cer- 
tainly not directly into it. Grossly dilated incompetent 
perforating veins are more easily located and so the injec- 
tion is then most accurate. In many cases, the injection is 
into the dilated superficial veins associated with the perfo- 
rating veins, usually doubled as venae comitantes but, in 
the presence of firm compression, the sclerotic process ex- 
tends as far as the continuing flow in the deep veins and 
phlebography has confirmed the disappearance of the su- 
perficial venous complex outside the deep fascia. It is, 
therefore, preferable to use the term “points of control” 
rather than “perforators,” although it is hoped that all in- 
competent perforating veins are included. An ascending 
thrombophlebitis in the saphenous veins will be painless 
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because of the firm compression bandages that control the 
perivenous inflammatory reaction. Incompetent lower leg 
perforating veins in the presence of long saphenous vein 
involvement often disappeared when only the proximal 
vein was dealt with, and this confirmed the excellent he- 
modynamic studies by Bjordal.‘ 

Dilated superficial veins, without obvious incompetence 
of perforating veins, are best treated by injection-com- 
pression, which showed good late results but the results of 
surgery were poor, despite extensive removal through 
multiple small incisions. Minor veins and dilated venules 
were best treated by modified injection-compression using 
1%, 0.5%, or 2% hydroxypolyethoxydodeeaine (Sclerovein 
[Switzerland]; no comparable US product), an effective 
new sclerosant with minimal inflammatory reaction and 
the added benefit of local anesthetic properties. A 1-ml sy- 
ringe fitted with a 27-gauge needle was used to ensure 
that there was only a minute volume injected, which must 
be intravascular. A strong’ compression stocking was worn 
for two weeks. . 

The best primary treatment for each group of patients 
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in this series of 746 patients is summarized in the Table, 


and this system is the basic plan for the trial of selection 
now in progress. 
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DISCUSSION 


JOHN BERGAN, MD, Chicago: I do not want this magnificent | 
study to go without comment. In this country, as we all know, it 
has become impolite to speak about varicose vein surgery in scien- 
tific company. Yet we have seen, through Dr. Hobbs’ study, what 
can happen when a scientist who happens to be a skilled arterial 
surgeon devotes his energies to a controlled study. 

I would like to thank Dr. Hobbs for teaching us all about this 
topic. 
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Reye Syndrome Cadaveric Kidneys 


Their Use in Euman Transplantation 


Casimir F. Firli, MD, PhD; Olga Jonasson, MD; 
Barry D. Katar, PhD MD; John J. Bergan, MD 


Six deceasee Reye syndrome patients were used as cadaveric renal 
donors far transalantation into 12 chronic renal failure recipients. 
Ten of 12 kidneys had immediate function. Two kidneys were subse- 
quently lest because of ejection. The longest functioning homograft 
is now 12 moathks posttransplantation. Reye syndrome has not oc- 
eurred jn our *ramsplant recipients. 


ecause ef a recent epidemic of pediatric patient 
deaths a tributable to Reye syndrome, we believe 
that it is noteworthy to briefly relate our clinical experi- 
ence with organ harvesting and transplantation of cadav- 
eric kidneys from patierts who died from this illness. 
Reye syndrome is characterized by acute encephalopathy 
and fatty imfiltraticn of the viscera. In addition, hyper- 
kalemia, hypoglycemia, and hyperammonemia are identi- 
fied by laboratory irvestigation. Its natural course is fur- 
ther colored by hypotension, cardiac arrhythmia, coma, 
and death.' Treatment at best is supportive, with only a 
small number of patients salvaged because of complete 
exchange transfusions. 


METHODS 


During the past 12 months, we have employed six Reye syn- 
Grome patients, age 4% to 15 years, as cadaveric renal donors. 
Twelve renal transplantations were performed from June 1973 to 
March 1974; the recipients varied in age from 3 to 35 years. 


RESULTS AND COMMENT 


Ten of the 12 renal homegrafts had immediate function. 
Two failed tə produce urine and were eventually removed 
because of irreversible acute tubular necrosis; of the re- 
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maining ten allografts, two were lost because of acute re- 
jection at three weeks and chronic rejection at six months. 
The remaining eight renal homografts have enjoyed nor- 
mal function. The longest functioning Reye syndrome 
homograft is now 12 months posttransplantation. The ca- 
daveric renal donor in this situation was a 6™%-year-old 
child and the recipient a 21-year-old man. Since transplan- 
tation, this kidney has grown and now has a creatinine 
clearance of 91 ml/min. 

Acute rejection episodes have occurred in six of the 
eight functioning homografts. These were adequately 
treated with steroid “pulse” and x-ray therapy. The ma- 
jority of these cadaveric kidneys underwent biopsy exami- 
nation and were subjected to light and electron micro- 
scopical study. These examinations disclosed minimal 
interstitial edema in only two kidneys. Vira! particles 
were not identified with electron microscopy. The remain- 
ing kidneys were described as normal on microscopical ex- 
aminations. Subsequent biopsy examination of the two in- 
volved kidneys demonstrated resolution of the interstitial 
edema and a normal appearing parenchyma. 

In no instance did the Reye syndrome develop in a 
transplant recipient. This is noteworthy in view of the 
lowered host immunity secondary to immunosuppressants. 
These data suggest that the microscopical appearance, ie, 
the interstitial edema of the renal parenchyma, may be in 
response to a circulating and/or excreted toxin present 
during the acute phase of this illness. We fee! justified, 
based on our clinical experience with organ harvesting 
and the transplantation of Reye syndrome cadaveric kid- 
neys, to recommend the use of these organs for human 
transplantation. 
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The Extent of Operation for 


Primary Hyperparathyroidism 


Melvin A. Block, MD; Boy Frame, MD; 
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Of 121 patients with primary hyperparathyroidism, 20% demon- 
strated hyperfunction in more than one parathyroid gland. Patterns 
of gross enlargement and microscopic hyperplasia varied greatly in 
patients with multiple parathyroid gland involvement. Persistence of 
hypercalcemia (2.6% this series) due to failure to remove all abnor- 
mal parathyroids is a greater problem than late recurrence (less than 
1% this series), which is usually due to a single hyperplastic hyper- 
parathyroid. To minimize persistent or recurrent hypercalcemia as 
well as permanent postoperative hypoparathyroidism (4% this 
series), a policy of selective subtotal parathyroidectomy is advo- 
cated. Subtotal parathyroidectomy is performed when multiple para- 
thyroids are grossly enlarged or when all parathyroids are slightly 
enlarged and a fifth parathyroid is not evident, and is planned for 
conditions predisposing to multiple gland involvement (multiple en- 
docrine adenoma syndrome, familial hyperparathyroidism, mild 
chronic renal insufficiency). 


arses currently exercise the option of removal 
of grossly abnormal parathyroid glands, with or with- 
out biopsy examination of remaining parathyroid glands, 
versus subtotal (or near-total) parathyroidectomy in oper- 
ations for primary hyperparathyroidism. A substantial in- 
cidence of multiple parathyroid gland involvement; the oc- 
casional discrepancy between gross, microscopical, and 
clinical findings; and difficulties in interpretation of 
biopsy specimens argue for a policy of routine subtotal 
parathyroidectomy. To further clarify this issue, our expe- 
rience with the management of this disease was reviewed. 


SUBJECTS 


The diagnosis of primary hyperparathyroidism was established 
in our institution for 121 patients from 1960 to 1974. These pa- 
tients were evaluated for evidence of involvement of multiple para- 
thyroid glands, persistence or recurrence of hypercalcemia, post- 
operative hypoparathyroidism, and other therapeutic problems. 

The weights of parathyroids removed usually have been 
recorded immediately after operation (“wet” weights). We have 
AEE a Sas See DOP a ee a 

Accepted for publication July 24, 1974. 

From the departments of general surgery (Dr. Block), medicine (Drs. 
Frame and Jackson), and pathology (Dr. Horn), Henry Ford Hospital, De- 
troit. 


Reprint requests to Department of General Surgery, Henry Ford Hospi- 
tal, 2799 W Grand Blvd, Detroit, MI 48202 (Dr. Block). 


798 Arch Surg/Vol 109, Dec 1974 


considered a weight over 50 mg under such conditions as indica- 
tive of enlargement of a parathyroid gland. 


RESULTS 
Multiple Gland Involvement 


Of the 121 patients with primary hyperparathyroidism, 
24, or 20%, demonstrated evidence of hyperfunction (mi- 
croscopic hyperplasia and/or enlargement on the basis of 
increased weight) in more than one parathyroid gland. 
The pattern of involvement varied from a single greatly 
enlarged parathyroid gland associated with microscopical 
or gross evidence of hyperplasia in one or more other para- 
thyroid glands to microscopical hyperplasia present in all 
parathyroid glands that were questionably or only slightly 
enlarged. The widely variable distribution of abnormal- 
ities is shown in Table 1. 

Tissue from more than one parathyroid gland was avail- 
able for study in 67 of the 121 patients. The reasons for re- 
moval of tissue from multiple parathyroid glands along 
with the incidence of microscopical hyperplasia are shown 
in Table 2. Microscopical abnormalities were found in ap- 
proximately one third of the patients for whom tissue 
from multiple parathyroid glands was available. It was 
noted that removal of multiple parathyroid glands was 
justified whenever definite or even questionable enlarge- 
ment was observed in one or more glands associated with 
an obviously enlarged parathyroid, or whenever all glands 
were only slightly or questionably enlarged. The incidence 
of microscopical abnormalities or clinical correction of hy- 
percalcemia in these instances supported removal of such 
parathyroid glands. However, biopsy examination or re- 
moval of grossly normal parathyroid glands associated 
with a definite parathyroid tumor provided microscopical 
evidence of hyperplasia in only four of 31 patients. Al- 
though biopsy examination only was performed for these 
four patients, none have had persistent or recurrent hy- 
percalcemia. 


Persistent or Recurrent Hypercalcemia 


Persistent or recurrent hypercalcemia has not occurred 
in these patients as a result of failure to remove grossly 
normal but microscopically hyperplastic parathyroid 
glands associated with a single large parathyroid tumor. 
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| Table 1.—Patterns of Multiple Gland Involvement 
| in Primary Hyperparethyroidism in 121 Patients 


No. of 
Category Patients 
More than one parathyroid grossly enlarged 
(by weight) 11 
No. of pa-athyroids enlarged 
Two perathyroids (9° 
Three sarathyroids (2) 
Status otaer parathyroms 
Microscopically normal (5) 
Questionable hyperplasia (1) 
Grossi” normal, no kiopsy (4) 
Unknown (1) 
All grossly enlerged, microscopic hyperplasia 6 


Questionable cr slight enlargement of all or 

multiple pamthyroids, mieroscopic hyperplasia 4 
Onesperathyrod tumor, other parathyroids 

grossly normal but hyperplasia present 

microscopically 3 
24 (20%) 


Total 





Table 2.—5tatus of Multiole Parathyroids Available 
for Study, Primary Hyperparathyroidism 


No. Micro- 
scopically 
Abnormal 


No. of 

Category Patients 
Removed on basis of gross 

enlargerrenc 21 13 
Removed on basis of questionable 

enlargerrenc 12 2 
Biopsy or remeval, grossly normal 

parathyroids 
All parathyroics slightly or poss bly 

enlarged 2 
Totals 21 (31%) 


4 (biopsy) 


=- As shown in Table 3, persistent hypercalcemia did occur 
when all grcssy abnormal parathyroids were not identi- 
fied and remoted. Late recurrence of hypercalcemia did 
develop in two patients treated prior to the years included 
in this study. For each of these two patients, the removal 
of a single parathyroid tumor resulted in normal serum 
calcium eve's “or a perioc of years before the recurrence 
of hypercalcemia. However, the operations on these pa- 
tients were performed prior to institution of a policy of 
identification snd evaluation of all parathyroid glands. 


Postoperative Hypoparathyroidism 


Permanent nypoparathyroidism occurred in five pa- 
tients (4%) afcer operation for primary hyperparathy- 
roidism, multinle parathyreid glands having been re- 
moved in each. Unintentional hypoparathyroidism 
occurred in three of 75 patients (5%) after removal of mul- 
tiple parathyreid glands. Intentional total parathyroid- 
ectomy was dane in an additional two patients. The rea- 
son for the onset of permanent hypoparathyroidism in one 
patient eight years after removal of two parathyroid 
glands, enly one of which was abnormal, is unknown. 


Factors Predisposing te Multiple Gland Involvement 


Other features recognized to be frequently associated 
with hyperplasia of multiple parathyroid glands were rec- 
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ognized in a substantial number of our patients- Patients 
with primary hyperparathyroidism as a component of 
each type of multiple endocrine adenoma syndrome can be 
expected to have hyperplasia of multiple parathyroid 
glands. The type 1 multiple endocrine adenoma syndrome 
(five patients in this series) involves primarily the pan- 
creatic islets, parathyroid glands, and pituitary gland. The 
type 2 multiple endocrine adenoma syndrome (four pa- 
tients in this series) consists primarily of medullary thy- 
roid carcinomas and pheochromocytomas. 

A familial occurrence of the multiple endocrine ade- 
noma syndrome was present in seven of nine of our pa- 
tients. Of the five patients categorized as having familial 
hyperparathyroidism unassociated with evidence of the 
multiple adenoma syndrome, multiple parathyroid gland 
invelyement was present in two. 

Hypercalcemia associated with mild chronic renal insuf- 
ficiency may be difficult to designate definitely as primary 
or secondary hyperparathyroidism. The clinical course, low 
or normal levels of serum phosphorus, and operative find- 
ings led us to designate two such patients as having pri- 
mary hyperparathyroidism due to hyperplasia of multiple 
parathyroid glands. 


Problems in Correlating Microscopical With 
Gross Findings and Clinical Results 


Although one or all parathyroid glands of a patient 
were enlarged by their gross appearance and weight, defi- 
nite microscopical abnormalities were occasionally absent. 
These confusing patterns are shown in Table 4. Despite 
the failure to identify microscopically definite evidence of 
hyperplasia in enlarged (by weight) parathyroid glands, 
the removal of such glands did permanently correct hyper- 
caleemia. More sophistocated studies, such as with elec- 
tron microscopy, were not carried out on these parathy- 
roid glands. 

Late Recurrence of Hypercalcemia.—As noted also in 
Table 3, recurrence of hypercalcemia developed in one pa- 
tient for whom removal of all but half of a normal para- 
thyroid gland produced initial normocalecemia. Removal of 
the enlarged remnant of parathyroid tissue three years 
after the initial operation produced permanent hypocal- 
cemia. This patient is unique in this study in that nodular 
hyperplasia was present in all four parathyroid glands 
and mild renal insufficiency was also evident. 


CURRENT OPERATIVE POLICIES 


The need for routine subtotal parathyroidectomy in the 
surgical treatment of primary hyperparathyroidism de- 
pends on evidence of a high incidence of multiple involve- 
ment of parathyroid glands, a high incidence of persistent 
or recurrent hypercalcemia if this operative policy is not 
followed, and a low incidence of permanent postoperative 
hypoparathyroidism. The occasional lack of an absolute 
correlation between gross, microscopical, and functional 
abnormalities in the parathyroid glands supports this pol- 
icy. It is also evident that permanent hypoparathyroidism 
is more likely to occur after reoperation than after the pri- 
mary operation for primary hyperparathyroidism. 
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Our experience, however, supports a policy of selective 
rather than routine subtotal parathyroidectomy for pri- 
mary hyperparathyroidism. A number of factors lead us to 
favor continued individualization in the determination of 
the extent of parathyroidectomy. These include an inci- 
dence only of approximately 20% multiple gland involve- 
ment, an incidence of late recurrence after selective re- 
moval of abnormal parathyroid glands slightly lower than 
that of permanent hypoparathyroidism after removal of 
multiple parathyroid glands, and the fear of a still higher 
rate of permanent hypoparathyroidism if subtotal para- 
thyroidectomy is a routine practice. 

Subtotal parathyroidectomy for primary hyperparathy- 
roidism is selected for five categories of patients: (1) gross 
enlargement of more than one parathyroid gland; (2) all 
parathyroid glands appear normal in size or slightly en- 
larged, no evidence of a fifth parathyroid, diagnosis is con- 
vincing; (3) association with multiple endocrine adenoma 
syndrome; (4) in familial hyperparathyroidism; and (5) as- 
sociation with mild chronic renal insufficiency. It is to be 
emphasized that the presence of a single large gland does 
not rule out hyperplasia in other parathyroid glands on 
the same or opposite side of the neck. Therefore, we con- 
tinue to identify and assess all parathyroid glands at op- 
eration. Any parathyroid gland that is obviously or suspi- 
ciously enlarged is removed. Biopsy examination of nor- 
mal parathyroid glands is optional, but these glands 
should be marked for identification later, if needed. All 
parathyroid tissue removed should be weighed. 

When a subtotal parathyroidectomy is accomplished, 
the parathyroid gland appearing most nearly normal is se- 
lected for partial (approximately half of a normal-sized 
gland) preservation. This.is done before other parathyroid 
glands are removed, so that a different parathyroid gland 
can be used for subtotal removal if the first is totally in- 
jured. The parathyroid gland partially preserved is appro- 
priately marked to facilitate identification should reopera- 
tion be required. 

In the situation where fewer than four parathyroid 
glands are identified, each obviously or even suspiciously 
enlarged gland is removed; if all are obviously enlarged, 
they are removed except for preservation of approxi- 
mately half of the weight of a normal parathyroid gland, 
which is marked. In this latter instance, thyroid lobectomy 
on the deficient side is also performed. The abnormal para- 
thyroid gland may be found within the thyroid lobe. If the 
fewer than four parathyroid glands are normal in appear- 





Incidence 
of Multiple 
No. of Gland Involve- 
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Table 5.—Reported Persistence and Recurrence of Primary Hyperparathyroidism 


Permanent 
Persist- Recur- Postoperative 
ence rence Hypoparathy- 


Report Patients ment, % ate, % Rate, % roidism, % Follow-up 
Paloyan et al!,2 
(1969, 1973) 65 59 1.5 0 3 7 mo-3 yr 
Haff et al3 (1971) 74 50 2 u. 2.7 >18 mo 
3.1 : 


2.6 <1 4 


ance, all identified are biopsied and marked, the thyroid 
lobe is removed on the deficient side, and any thymic tis- 
sue and adjacent fat in the superior mediastinum on the 
side of the missing parathyroid gland are also excised. 
Selective venous catheterization with assay for levels of 
parathyroid hormone is indicated prior to reoperation for 
patients with persistent or recurrent hypercalcemia. For 
this reason, more care is now given to preservation of the 
middle thyroid vein during exploration of parathyroid 
glands. Selective venous catheterization studies may be 





| Table 3.—Persistence or Recurrence of Hypercalcemia 
After Operation for Primary Hyperparathyroidism 
in 121 Patients 













No. of 
Patients 







Category 
Persistence of hypercalcemia after operation 

Multiple gland involvement, not all 
abnormal parathyroids removed (4) 

Personal cases* (2) 

Operated on by others initially (2) 
Single tumor missed at first operation (2) 

Personal cases (tumor in fifth parathyroid 

in mediastinum) (1) 
Operated on by others initially (1)t 


Later recurrence of hypercalcemia after operation 1 
Multiple gland involvement (1) 
Personal case (required total parathyroidectomy 
for nodular hyperplasia associated with 
mild chronic renal insufficiency) 



















* Incidence persistence in personal series is 2.6%; none since 
1965 when problem of multiple gland involvement was recognized. 

t Parathyroid hormone assay, selective venous catheterization as- 
sisted identification. 





Table 4.—Problems in Correlating Microscopical 
Pathologic Findings With Gross Findings 
and Clinical Results 












No. of 
Patients 






Category 
Removal of enlarged parathyroids corrected hyper- 
calcemia; no definite microscopical abnormalities 
Subtotal parathyroidectomy for slight enlarge- 
ment of all glands (3) 
Multiple enlarged parathyroids removed (2) 


One parathyroid-tumor confirmed as adenoma micro- 
scopically; other enlarged (by weight) parathyroids 
removed, no definite microscopical abnormalities 5 


One parathyroid tumor confirmed as adenoma micro- 
scopically; biopsy only of other grossly normal para- 
thyroids considered to show hyperplasia but no 

persistent hypercalcemia 





































52 mo (average) 
414 yr (average) 
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justified for patients likey zo have multiple parathyroid 
invelvernent (multiple endocrine adenoma syndrome, fa- 
milial hyperperathyroidism, chronic mild renal insufh- 
cieney), but at present we prefer to proceed directly with 
subtotal paratlyroicectomy for such patients. 


COMMENT 


Following operation for primary hyperparathyroidism, 
persistence of nypercalcemia can be attributed to the fail- 
ure toidentify-and remove the responsible parathyroid tu- 
mor, the fañu-e to remove all parathyroid tumors (mul- 
tiple gland involvement), or the extremely rare occurrence 
of functioniag metastases from a parathyroid carcinoma. 
Late reeurrenee of primary hyperparathyroidism can be 
due to the development cf a new parathyroid tumor, re- 
growth of a perathyroid tumor that was incompletely re- 
moved at the initial operetion, growth of the parathyroid 
remnant lef- after subtotal parathyroidectomy for diffuse 
hyperplasia, or the development of a secondary or tertiary 
hyperparathyroidism in remaining parathyroid glands due 
to progressive renal insufficiency or some other stimulus. 

Paleyan anc associates. as well as Haff and associates, 
have recorded the presence of multiple parathyroid gland 
involvement by primary hyperplasia in 50% or more of 
their patients with primery hyperparathyroidism (Table 
5). Gomsequeatly, these authors have encountered a rela- 
tively high frequency of persistence of hypercalcemia un- 
less an appropriately frequent incidence of subtotal para- 
thyroidectomy is accomplished. Thus, these reports 
advecate a policy of routine subtotal parathyroidectomy 
for primary hrperparathyroidism. Although we proposed 
in 1967 a liberal policy of subtotal parathyroidectomy for 
primary hypemparathyroidism, our continued experience 
of a 20% inedence of multiple parathyroid gland involve- 
ment leads as to maintain a selective rather than a rou- 
tine policy of subtotal parathyroidectomy.‘ This is in 
agreement with findings reported by Bruining and by Ro- 
manus and associates.*° 

Late recurrence of primary hyperparathyroidism is usu- 
ally due to development of a second functioning parathy- 
roid tumor anc not to hyperplasia of all remaining para- 
thyroids.” This problem is much less frequent than that of 
hyperealeemia evident immediately or within a few 
months after excision of one or several abnormal parathy- 
roids, as a result of simultaneous multiple parathyroid 
gland imvolvement. 

The imcidenee of multiple parathyroid gland involve- 
ment in primary hyperparathyroidism in a given experi- 
ence will undoubtedly relate to individual characteristics 
of a given practice. The number of patients falling into 
categories o the multiple endocrine adenoma syndrome, 
familial hyperoarathyroicism, renal disease, chronic use 
of diuretics, jifficulties in intestinal absorption of calcium, 
and possible otner unrecognized factors will influence this 
incidence.* 

Identification of the original disease process may be dif- 
fieult in patients demonstrating the association of mild 
chronic rena. insufficiency with evidence of hyperparathy- 
roidism. A vamety of gross and microscopical patterns of 
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parathyroid enlargement and hyperplasia occur in such 
patients. Microscopical features considered characteristic 
of an adenoma may be present in one or more parathy- 
roids, with remaining parathyroid glands showing fea- 
tures considered to be characteristic of primary hyper- 
plasia. Thus, we found one such patient to have four 
parathyroids weighing approximately 200 mg each and 
showing hyperplasia microscopically, but also to have a 
fifth large parathyroid gland characteristic of an ade- 
noma. Whether an adenoma precipitated renal calculi and 
injury that, in turn, led to secondary hyperplasia in the re- 
maining parathyroid glands is conjectural.’ 

Attempts to classify primary hyperparathyroidism pre- 
cisely as due purely to either parathyroid adenomas or hy- 
perplasia are too restrictive. For lack of a better term we 
have used the-word “tumor” to refer to abnormal parathy- 
roids in this disease. The term “hyperplasia” is preferred 
as an all-inclusive description, but has the disadvantage of 
possessing a more specific connotation at this time. The 
lack of an absolute correlation between gross findings at 
operation, microscopical findings, and clinical results con- 
tinues to place on the surgeon the burden of determining 
the exact operative procedure required on the basis of ob- 
servations at the time of operation. 

A technical problem in accomplishing a precise identi- 
fication of the size of parathyroid glands at the time of op- 
eration relates to the presence of fat, which frequently 
surrounds parathyroid glands. Separating enough of the 
fat from the parathyroid to permit an accurate assess- 
ment of size or an adequate biopsy specimen can per- 
manently injure the parathyroid gland. This factor can be 
instrumental in producing permanent hypoparathyroid- 
ism. We prefer to avoid such a dissection of fat whenever 
the appearance of the parathyroid gland is normal as seen 
through the fat and evidence indicates that the given pa- 
tient’s problem is that of a single parathyroid tumor. 

Again, the need for prolonged follow-up period after op- 
erations for primary hyperparathyroidism is emphasized. 


This investigation was supported in part by Public Health Service grant 
14876. 
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Experimental Surgery 


The Risk of Anticoagulation 


With Experimental Pulmonary Contusion 


Jack L. Ratliff, MD 


Models of mouse heparinization (to a bleeding time of over 21⁄2 
times control, by the “farmer's wife” technique) and pulmonary con- 
tusion (by water blast) are described. Four groups of ten mice each 
received pulmonary contusion. One group was not anticoagulated, 
another group was anticoagulated immediately precontusion, the 
third group was anticoagulated immediately postcontusion, and the 
last group was anticoagulated 24 hours after contusion. All were ex- 
amined at death or killed and examined 48 hours after contusion. 
There was no difference in mortality or size of the pulmonary lesion 
among the four groups. 

This study suggests that anticoagulation will not prove hazardous 
in patients with pulmonary contusion in whom anticoagulation is in- 
dicated for associated lesions. 


Poy contusion has become a significant clini- 
cal problem with the increasing amounts of trauma 
seen on our highways. Fat embolism, disseminated intra- 
vascular coagulation, and vascular injuries are not uncom- 
mon in these patients with multiple injuries. Anti- 
coagulation is frequently used in their management. This 
study was designed to evaluate the risk of anticoagulation 
(heparin) in an animal model of pulmonary contusion. 

Pulmonary contusion is characterized by disruption of 
the parenchyma of the lung with resultant hemorrhage." 
This hemorrhage is progressive over a few hours,’ fol- 
lowed for several days by the development and then the 
resolution of an inflammatory response. Cavitation, and 
occasionally infection, may supervene. 


S 
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Method 


Pulmonary contusion was produced by exposing mice to an ex- 
plosion in water. The blasting chamber consisted of an open 220-li- 
ter drum filled with water. A gun was constructed (Fig) that 
chambered a .38 special blank cartridge. The gun was fired with a 
flexible cable. Before each firing, the muzzle was ccvered with a 
thin vinyl membrane to keep the 1-cm barrel and the powder dry. 
This device has a low noise level and has been fourd to be safe. 
The mouse was positioned by allowing it to swim in a vertical plas- 
tic cylinder centered above the submerged gun. 

Following preliminary experiments in control mice, it was 
found that with a muzzle depth of 15 cm, most of tae mice were 
stunned by the blast and blood appeared at their nostrils immedi- 
ately. They occasionally roused, but were profoundly weak, and all 
died with tachypnea and marked pallor within a few minutes. Au- 
topsies always revealed dark red, homogeneously hevatized lungs 
that appeared to have been inflated with blood. No other lesions, 
except occasionally a small submucosal colonic hematoma, were 
noted at terminal examination. 

At 17-cm muzzle depth, varying degrees of pulmonary injury 
were seen that occasionally were lethal. No bowel lesions were 
seen, and the mice were not stunned nor did they appear to be 
hurt. If they died, they did so within four hours with progressive 
dyspnea and weakness. The distribution of pulmonary hemor- 
rhage was random. It appeared as scattered splotchy lesions, lin- 
ear lesions paralleling the ribs, geographically circumscribed 
larger areas in one or more lobes, or involved one cr more lobes 
diffusely. These hemorrhagic areas were bright red immediately, 
and become dark reddish-brown in a few days and resolved as pale 
areas of scar. This picture of contusion is typical of taat described 
in the literature.'** Blasts from greater or lesser depths produced 
proportionally lesser or greater injury, respectively. 

A muzzle depth of 17 em was chosen because it inured most of 
the animals and killed a few. We expected to see aggravation of 
the lesion with anticoagulation, and this is best appreciated statis- 
tically with small groups in the low kill range. 
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TabE 1.—Mortality in All Four Groups* 


Animal Group A Group B 
0 48 
0 48 
48 
48 
48 
48 
48 
48 
‘Lest at 24 hr) 48 48 
48 48 48 48 


* All survivers were killed at 48 hours. Lesser numbers represent 
Ength of surviva in spontaneously dying animals. Statistically these 
psesults sugges- that heparin, gwen at any of the times evaluated rela- 
Sive to the time œ contusion is not harmful; P = .06. 

t Died. 


Group C 
24t 
48 
48 
48 
48 
48 
48 
48 


Group D 
48 
48 
48 
48 


48 
48 
48 
48 
48 


SO] 0] @] Nm] |] s| wjn 





Table 2.—Degree of Contusion* 





* Amount ef contusion graded 1 to 4 (mild to severe). Degree of 
contusion between these groups is not statistically different; P = .09. 
T Died. 


Pulmonary cntusion was sustained instantaneously, and the 
shock wave at East partially stunned the mice. In my experience, 
patients simidacly injured dc nct remember feeling any pain. Pre- 
liminary laberatory work in dogs and clinical experience with en- 
dobronchial hemorrhege suggests that anesthesia, either general 
or topical anesthesia to the tracheobronchial tree, substantially 
modifies the way people and animals handle blood in their airway. 
No anesthesia was used in these animals for these reasons. 

The adequacy of anticoagulation was established by injecting 
500 units of bovine lung hevarin per kilogram of mouse into the 
tail veins of fiwe white mice. Five additional mice from the same 
source with similar ege and weight were used as controls. Two 
centimeters of the teils of each of the ten mice was amputated 
with a new double-edged razor blade (“farmer’s wife” technique) 
and bletted for evidence of continued bleeding at five-minute in- 
tervals. Bleeding had stopped m an average of 21 minutes (ten to 
40 minutes) in the m ce receiving no heparin. Spontaneous hemo- 
stasia occurrec in on2 of the heparinized mice at 30 minutes, an- 
other at 45 minutes, and the other three were still bleeding at 75 
minutes when observations were terminated. The heparinized 
mice bled for ever 60 minuzes on the average. 

Using this anticoazulaticm technique, four groups of ten mice 
each were renéomly selected, weighed, and identified with felt tip 
clothes markers. They were frcm the same source and of the same 
age and wemlr. 
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Plastic membrane stretched 


Nipple of over muzzle 


l-cm pipe 
.38 blank 


l-cm coupling 


Nipple of 
l-cm pipe 
Miniature C02 


bottle 
punch 


m 


”. 


Ny: NY, 


Flexible cable trigger 





Blasting chamber and gun used to produce pulmonary contusion. 


Group A (Control).—These mice were contused and observed for 
48 hours, and general condition and time of death were noted. All 
surviving animals were killed at 48 hours. 

Group B.—These mice were heparinized (500 units/kg) as de- 
scribed above, contused, and observed for 48 hours; general condi- 
tion and time of death were noted. All surviving animals were 
killed at 48 hours. 

Group C.—These animals were contused, immediately heparin- 
ized, and observed for 48 hours; general condition and time of 
death were noted. All surviving animals were killed at 48 hours. 

Group D.—These mice were heparinized 24 hours after they 
were contused and then observed for 24 hours; general conditions 
and time of death were noted. All surviving animals were killed 48 
hours after contusion. 

Whether dying spontaneously or sacrificially (digital cervical 
compression), all animals were autopsied. Abdominal viscera were 
checked for gross change. A 1.0-ml dose of 10% formalin was in- 
jected into the right ventricle to diffusely fix the lung and prevent 
prefixation central autolysis. The heart and lungs were resected as 
a unit and floated on formalin. Sketches of the areas of hemor- 
rhage were made immediately and the lungs were photographed. 
All lungs were graded for gross contusion from the sketches and 
photographs. Grading was from 1 to 4, depending on the amount 
of the lung consolidated with blood. Grade 1 was given to normal 
lungs and grade 4 to lungs completely consolidated and filled with 
blood. 

One mouse in group A disappeared after 24 hours and this 
group was handled statistically as if it were a group of nine mice. 
Three or four cartridges misfired. Their report was soft, and pow- 
der was found in the water. These animals were killed, discarded, 
and replaced with similar animals from the original pool. 


Result 


Statistically there was no difference in four groups. The 
mortality (Table 1), general response, and gross findings 
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(Table 2) were not statistically different. There was a 
fairly wide range of injury within each group. 


Comment 


Central nervous system lesions have been shown to pro- 
duce pulmonary lesions. These mice were killed by cervical 
compression. Fresh pulmonary contusion in the lungs is 


` bright red, whereas after 48 hours the areas of hemor- 


rhagic consolidation are purple to brownish. All lung le- 


-sions found in animals killed 48 hours after the contusion 


event were old lesions. There was no evidence that this 
method of killing contributed to the lesions seen. 
The variation within each group is of interest. Other 


_ workers have noted that decreasing size, decreasing age, 


and increasing degree of lung inflation intensify the le- 
sion, and that air-containing padding around the chest or 
actual removal of the chest from the water decreases or 
eliminates the injury. 

Mice about the same age were used. Weight varied from 
10 to 24 gm, but no apparent difference was noted in mor- 


tality relative to size. Depth of inspiration could not be 


standardized and may have substantially affected the de- 


- gree of injury produced. An effort was made to rid the ani- 


mals of insulating air in their fur by allowing the mice to 
swim until they were thoroughly wet. A small amount of 


detergent was added to the water to facilitate this. The 


mice were watched to assure submersion of all but their 
faces at the moment of blast. Other workers also describe 
variation of injury to standardized contusion forces.’ 
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Using groups of ten mice, we found no aggravation of 
the pulmonary lesion with anticoagulation. Subtle benefit 
or harm would require larger groups for definition. These 
facts, along with the high P value in mortality or degree 
of lesion comparisons, demonstrate that there is no large 
difference in anticoagulation or nonanticoagulation with 
pulmonary contusion. 

I was surprised at the benign response to heparin with 


this model. Lung tissue is rich in activators of the coag- — 


ulation schema, but I would not have thought this sufi- 
cient to prevent bleeding in heavily heparinized, contused 
tissue. 
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Space Age Microbicidal Power 


For optimal preoperative skin degerming—BETADINE Surgical Scrub. Chosen 
by NASA for Apollo 11/12/14 splashdowns, BETADINE Surgical Scrub provides 
a golden microbicidal lather for prepping the operative site... kills both gram- 
positive and gram-negative bacteria (including antibiotic-resistant strains), fungi, 
viruses, protozoa and yeasts... promptly achieves full microbicidal effect with 
each usage. (In the rare instance of local irritation or sensitivity, discontinue use 
in the individual.) 


Toenhance antisepsis — BETADINE Solution or BETADINE Aerosol Spray. Afier 
init al prepping with BETADINE Surgical Scrub, paint the operative area with 
BETADINE Solution (chosen by NASA for the Skylab mission), or spray with 
BETADINE Aerosol Spray...both are fully microbicidal and film-forming... 

ma ntain microbicidal activity in the presence of blood, pus and serum. .. treated 
area may be bandaged, taped or covered by acast. 


To help maintain postoperative antisepsis— Reapply BETADINE Solution or 
BETADINE Aerosol Spray after suturing and during redressing. BETADINE 
microbicides are virtually nonirritating and do not stain skin and natu ral fabrics. 
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In 16 years of use in the United States, 
FLUOTHANE (halothane) has been ad- 
ministered over 100 million times:in a wide 
variety of surgical procedures. 100 million 
...extensive usage and evaluation that 
attests to FLUOTHANE as the most widely 
used inhalant anesthetic. 

Since it was first introduced, over 
4,000 papers worldwide have been pub- 
lished, ranging from review articles to 
in-depth studies. 4,000 papers... 

a bibliographic record of note onthe most 
widely used inhalant anesthetic. 

Ina continuing program of informa- 
tional services on anesthesiology, Ayerst 
provides printed and audiovisual aids 
reflecting the opinions and experiences of 
recognized authorities in the field. These 
include the highly regarded series on 
Anesthesia Rounds and Clinical Aspects of 
Anesthesiology, as well as several films of 
educational value—all available through 

® your Ayerst Representative. 


FLUOTHANE (HALOTHANE) 
OVER 100 MILLION 
ADMINISTRATIONS 


@ nonflammable, nonexplosive 

èe permits use of high concentrations of 
oxygen 

@ allows free use of cautery for more 
adequate control of bleeding 

è minimal odor facilitates smooth, rapid 
induction, reduces patient distress 

è early obtundation of pharyngeal and 
laryngeal reflexes facilitates intubation 
è lessens airway problems 

è permits rapid adjustment of depth of 
anesthesia 

è emergence is rapid and tranquil with 
quick recovery of protective reflexes 


® minimal nausea and vomiting, shorter 
recovery room stay 








A t See last page of advertisement 
® for prescribing information. 





FLUOTHANE’ 


brand of halothane 
the most widely used 


inhalant anesthetic 


from 


for precision, experience, 
quality, and service 


(Complete text of package circular.) 

Description. FLUOTHANE, brand of halo- 
thane, is an inhalation anesthetic. It is 
2-bromo-2-chloro-1, 1, 1-trifluoroethane 
and has the following structural formula: 


F Br 
Cl 





F C— C 
F H 


The specific gravity is 1.872-1.877 at 
20° C., and the boiling point (range) is 
49° C.-51° C. at 760 mm. Hg. The vapor 
pressure is 243 mm. Hg at 20° C. The 
blood/ gas coefficient is 2.5 at 37° C., and 
` the olive oil/water coefficient is 220 at 
37° C. Vapor concentrations within anes- 
thetic range are nonirritating and have a 
pleasant odor. FLUOTHANE is nonflam- 
mable, and its vapors mixed with oxygen 
in proportions from 0.5 to 50 per cent 
(v/v) are not explosive. 

FLUOTHANE does not decompose in 
contact with warm soda lime. When mois- 
ture is present, the vapor attacks alumi- 
num, brass, and lead, but not copper. 
FLUOTHANE is soluble in rubber, some 
plastics, and similar materials; such ma- 
terials will deteriorate rapidly in contact 
with FLUOTHANE vapor or liquid. Stabil- 
ity of FLUOTHANE is maintained by the 
addition of 0.01 per cent thymol (w/w), 
and storage is in amber colored bottles. 

FLUOTHANE should not be kept incefi- 
nitely in vaporizing bottles not specifically 
designed for its use. It is recommended 
that vaporizers be emptied at the end of 
each operating day. Thymol does not vol- 
atilize along with FLUOTHANE, and there- 
fore accumulates in the vaporizer, and 
may, in time, impart a yellow color to the 
remaining liquid or to wicks in vaporizers. 
The development of such discoloration 
may be used as an indicator that the va- 
porizer should be drained and cleaned, 
and the discolored FLUOTHANE (halo- 
thane) discarded. Accumulation of thy- 
mol may be removed by washing with 
diethyl ether. After cleaning a wick or 
vaporizer, make certain all the diethyl 
ether has been removed before reusing 
the equipment to avoid introducing ether 
into the system. 

Actions. FLUOTHANE is an inhalation 
anesthetic. Induction and recovery are 
rapid and depth of anesthesia can be 





rapidly altered. FLUOTHANE progres- 
sively depresses respiration. There may 
be tachypnea with reduced tidal volume 
and alveolar ventilation. FLUOTHANE is 
not an irritant to the respiratory tract, 
and no increase in salivary or bronchial 
secretions ordinarily occurs. Pharyngeal 
and laryngeal reflexes are rapidly ob- 
tunded. It causes bronchodilation. Hy- 
poxia, acidosis, or apnea may develop 
during deep anesthesia. 

FLUOTHANE reduces the blood pres- 
sure, and frequently decreases the pulse 
rate. The greater the concentration of the 
drug, the more evident these changes 
become. Atropine may reverse the brady- 
cardia. FLUOTHANE does not cause the 
release of catecholamines from adrener- 
gic stores. FLUOTHANE also causes dila- 
tion of the vessels of the skin and skeletal 
muscles. 

Cardiac arrhythmias may occur during 
FLUOTHANE anesthesia. These include 
nodal rhythm, AV dissociation, ventricular 
extrasystoles and asystole. FLUOTHANE 
sensitizes the myocardial conduction sys- 
tem to the action of epinephrine and 
norepinephrine, and the combination 
may cause serious cardiac arrhythmias. 
FLUOTHANE increases cerebral spinal 
fluid pressure. FLUOTHANE produces 
moderate muscular relaxation. Muscle 
relaxants are used as adjuncts in order to 
maintain lighter levels of anesthesia. 
FLUOTHANE augments the action of non- 
depolarizing relaxants and ganglionic 
blocking agents: FLUOTHANE is a potent 
uterine relaxant. 

Indications. FLUOTHANE (halothane) is 
indicated for the induction and mainte- 
nance of general anesthesia. 
Contraindications. FLUOTHANE should 
be avoided when a previous exposure was 
followed by fever and jaundice, or when 
there was an unexplained postoperative 
fever. 

FLUOTHANE is not recommended for 

obstetrical anesthesia except when uter- 
ine relaxation is required. 
Warnings. FLUOTHANE should be used in 
vaporizers that permit a reasonable ap- 
proximation of output, and preferably of 
the calibrated type. The vaporizer should 
be placed out of circuit in closed circuit 
rebreathing systems; otherwise overdos- 
age is difficult to avoid. The patient 
should be closely observed for signs of 
overdosage, /.e., depression of blood pres- 
sure, pulse rate, and ventilation, particu- 
larly during assisted or controlled ventila- 
tion. 

Usage in Pregnancy: Safe use of 
FLUOTHANE has not been established 
with respect to possible adverse effects 
upon fetal development. Therefore, 
FLUOTHANE should not be used in 
women where pregnancy is possible and 
particularly during early pregnancy, un- 
less, in the judgment of the physician, 
the potential benefits outweigh the un- 
known hazards to the fetus. 
Precautions. Cirrhosis or other abnormal- 
ities involving liver dysfunction, including 
a history of viral hepatitis, may be a 
basis for selecting an anesthetic other 
than a halogenated agent. 


The uterine relaxation obtained with 
FLUOTHANE, unless carefully controlled, 
may fail to respond to ergot derivatives 
and oxytocic posterior pituitary extract. 

FLUOTHANE increases cerebrospinal 
fluid pressure. Therefore, in patients with 
markedly raised intracranial pressure, if 
FLUOTHANE is indicated, administration 
should be preceded by measures ordin- 
arily used to reduce cerebrospinal fluid 
pressure. Ventilation should be carefully 
assessed, and it may be necessary to as- 
sist or control ventilation to insure ade- 
quate oxygenation and carbon dioxide 
removal. 

Epinephrine or norepinephrine should 
be employed cautiously, if at all, during . 
FLUOTHANE (halothane) anesthesiasince 
their simultaneous use may induce ven- 
tricular tachycardia or fibrillation. 

Nondepolarizing relaxants and gangli- 
onic blocking agents should be adminis- 
tered cautiously, since their actions are 
augmented by FLUOTHANE. 

Adverse Reactions. The following adverse 
reactions have been reported: hepatic 
necrosis, cardiac arrest, hypotension, 
respiratory arrest, cardiac arrhythmias, 
hyperpyrexia, shivering, nausea, and 
emesis. 

Dosage and Administration. FLUOTHANE 
may be administered by the nonrebreath- 
ing technic, partial rebreathing, or closed 
technic. The induction dose varies from 
patient to patient. The maintenance dose 
varies from 0.5 per cent to 1.5 per cent. 
How Supplied. No. 3125—Unit packages 
of 125 cc. and 250 cc. of halothane sta- 
bilized with 0.01% thymol (w/w). 


Ayerst. AYERST LABORATORIES 


New York, N.Y. 10017 


FLUOTHANE® (halothane) is available 
in the United States by arrangement with 
Imperial Chemical Industries Ltd. 7317 


Canine Intrathoracic Hepatic Homograit 


A Life-Supporting Procedure 


Yves LeCompte, MD; Charles deRiberolles, MD; Didier Grange, MD; 


Anne-Marie Erunet, MD; Henri Bismuth, MD 


At the preseat aime, no technique of heterotopic liver transplanta- 
tion is capable of sustaining life in reproducible fashion unless portal 
blood is suppl ed to the graft. However, suppression of the portal 
bleod risks corapsomising the function and eventual regeneration of 
the host liver, particularly if such a technique is to be used in the 
treatment of a-ute hepatic failure. The failure of heterotopic hepatic 
transplantatior wethout portal blood may be due in part to unfavor- 
able hemodynenie cond'tions. Livers grafted by a technique of intra- 
thoracic homo zra*t that aims to reproduce hemodynamic conditions 
close to the nermal as regards inflow and venous drainage are ca- 
pable of maintairng life in the hepatectomized dog. 


A potentia. indication of auxiliary liver transplantation 
is acute kepatic insufficiency. However, none of the 


` methods of heterotopic transplantation fulfills the techni- 


cal requirerseats of this possible clinical application. 
Those techn=jues that have given the best functional re- 
sults require pertal blood flow into the graft, which could 
alter the functoon and chances of regeneration of the host 
liver and whick removes one of the major advantages of 
heterotopic -rensplantation over orthotopic. It may be 
postulated taaz unfavorable hemodynamic conditions of 
vascularizatbm and drainage have been responsible for 
the difficulty im obtaining satisfactory function from an 
auxiliary liver not receiving portal blood. In this article a 
technique of heterotopic homograft, aiming to reproduce 
hemodynam= conditions as close to the normal as possible, 
was studied ir the dog. With this object, the liver was 
grafted into ithe thorax. The results of the technique were 
determined »y the study of survival after removal of the 
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host’s own liver, for the ability of a grafted liver to main- 
tain life on its own is the irrefutable proof of satisfactory 
function. 


Material and Methods 


Eight mongrel dogs, weighing 18 to 25 kg, received a hetero- 
topic hepatic homograft by the technique described below (Fig- 
ure) and, 24 hours later, their own liver was removed to assess the 
ability of the grafted liver to support life. 

Donor Operation.—The 8 to 12-kg mongrel donor was anesthe- 
tized intravenously with pentobarbital sodium. The animal was in- 
tubated and mechanically ventilated with room air. Via a midline 
xiphopubic laparotomy, the gastrohepatic omentum was first di- 
vided. The common bile duct was ligated and cut near the duode- 
num. The portal vein was then dissected free from the entrance of 
the splenic vein to the entrance of the gastroduodenal vein, which 
was tied. The gastroduodenal artery was cut near its origin. The 
hepatorenal ligament was divided and the vena cava skeletonized 
under the liver. These preliminary steps were done without mov- 
ing the liver, at as great a distance as possible. The liver was then 
cooled by a perfusion of iced saline via the portal vein, while the 
animal was exsanguinated through a cannula placed in the aorta. 
When the liver was cool, the common hepatic artery was dissected 
from its sheath of neural tissues up to the celiac axis. The splenic 
artery was cut but not tied. The aorta was tied distal te the origin 
of the celiac axis. The left and right hepatophrenic ligaments were 
cut and the vena cava mobilized from the diaphragmatic crura. 
The suprahepatic vena cava was cut below the diaphragm; the in- 
frahepatic vena cava was tied and cut. Finally, about 6 cm of ab- 
dominal and thoracic aorta were removed in continuity with the 
celiac axis. The liver was taken out of the donor, and the collateral 
branches of the aorta were tied. The perfusion of saline was 
stopped when the effluent contained no more blood; this required 
between 1 and 2 liters. | 

Recipient Operation.—The animal was anesthetized with intrave- 
nously administered thiopental sodium and given respiratory 
therapy using room air. A right-sided thoracotomy was made 
through the fourth intercostal space. The upper lobe of the lung 
was removed after dividing separately all the elements of the lo- 
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Operative procedure in recipient. 


bar pedicle: the bronchus was closed by interrupted sutures, the 
apicodorsal branch of the pulmonary artery, kept as long as pos- 
sible, was clamped near its origin; all the other vessels were tied. 
The pericardium was incised 1 cm anterior to the phrenic nerve to 
its reflexion on the ascending aorta. The aorta was laterally 
clamped and incised. The segment of thoracic aorta taken off to- 
gether with the donor liver was anastomosed end-to-side to the as- 
cending aorta of the recipient by continuous suture of 6/0 mono- 
filament nylon. The suprahepatic vena cava of the graft was then 
anastomosed end-to-side to the right atrium with the same suture 
material. On completion of this anastomosis, the aortic clamp was 
removed and the grafted artery flushed via the splenic artery, 
which was then tied. The atrial clamp was now removed. The last 
anastomosis was between the apicodorsal branch of the pulmo- 
nary artery and the portal vein. This end-to-end anastomosis was 
done by a continuous suture of 7/0 monofilament. A Pezzer cathe- 
ter was inserted into the gallbladder and exteriorized through the 
third intercostal space. The chest, drained by a tubular drain, was 
closed in the usual way. 

Total Hepatectomy.—A total hepatectomy was performed 24 
hours after the transplantation according to the technique de- 
scribed by Alican et al’: portal blood was diverted into the vena 
cava through an end-to-side portacaval shunt, and infrahepatic 
and suprahepatic segments of the inferior vena cava were anasto- 
mosed end-to-end after completion of the hepatectomy. During 
the transplantation, the recipient was given 1 unit of blood taken 
from the donor. Glucose was administered intravenously for 24 
hours following total hepatectomy (0.5 gm/hr/kg body weight). 
Intravenously administered fluids and electrolytes were given as 
needed until the dogs were able to eat the regular kennel diet. 
Cephalothin (1 gm/day) was given from the day of transplanta- 
tion until the death of the dog. No immunosuppressive drug was 
used. 


Results 


During the immediate postoperative period, two ani- 
mals died from technical complications (hemorrhage and 
cardiac tamponade). The day and cause of death in the six 
surviving dogs was as follows: death on third day from 
biliary leakage inside the thorax (1); on fourth day from 
right atrium and ventricle thrombosis (1); on fourth day 
from duodenal and pancreatic infarction due to gastro- 
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duodenal vein ligation (1); on seventh day, rejection (2); 
and on eighth day, rejection (1). Their mean survival was 
4.3 days after hepatectomy, ie, 5.3 days after transplanta- 
tion. 

None of the dogs had manifestations of encephalopathy 
or coma after hepatectomy. The three dogs that had the 
longest survival ate and walked normally until rejection 
appeared. At autopsy, the liver was not atrophic. In two 
dogs, liver weight was slightly increased (10% one week 
after transplantation). In all dogs, all the anastomoses 
were patent. No pneumonia occurred, and the right lung 
appeared normal at autopsy. 

Histological appearance of the transplanted livers was 
nearly normal after three or four days; the only abnormal- 
ity was a slight leukocyte infiltration of the portal spaces 
and rare foci of hepatocyte necrosis. After one week, the 
lesions were those of advanced rejection. 


Comment 


The average survival in dogs following total hepatec- 
tomy is short. The survival of 30 hours reported by Starzl 
et al? is one of the longest reported. The technique of aux- 
iliary hepatic transplantation used in this study substan- 
tially prolongs, without any immunosuppressive therapy, 
the survival after hepatectomy (mean, 4.3 days). These re- 
sults are similar to those of Chandrasakeram et al, when 
portal blood was supplied to the graft and when immuno- 
suppression was included. This survival is, however, infe- 
rior to that obtained after orthotopic transplantation 
without immunosuppression (7.5 days in our experience). 
This difference in survival is possibly explained by the 
trauma of anesthesia and surgery performed twice succes- 
sively in 24 hours and by the small size of the grafted liver 
relative to that of the recipient. 

It has been proved by Marchioro et al, Kuster et al, 
Chandrasakeram et al,* and Hess et al that, with a portal 
blood supply, a heterotopic liver can be life-supporting. 
But, if auxiliary transplantation is to be used as a tempo- 
rary support in acute liver failure, it would not be logical 
to deprive the host’s liver of its portal blood since the pos- 
sibility of its regeneration is one of the basic assumptions 
of the method. When portal blood is not supplied to the 
transplanted liver, survival after total hepatectomy of the 
host’s liver is fairly inconstant, as shown by van der 
Heyde et al’ and Thomford et al.* Recently, Maki et al® de- 
scribed a technique using the renal vein as venous supply: 
partial autotransplanted livers proved to be life-support- 
ing. However, we were unable to reproduce these results 
with homografts using the same technique. 

The disappointing results of heterotopic transplanta- 
tion might be due to hemodynamic abnormalities depen- 
dent on the heterotopic situation. With this in mind, our 
technique attempted to reproduce as far as possible the 
normal conditions of inflow, outflow, and external pres- 
sure of the grafted liver. 

In most of the techniques of heterotopic transplantation 
that do not provide portal blood to the liver, the portal 
vein is anastomosed to a systemic vein. It has been shawn 
by Slapak et al'® that systemic venous blood flow to the 
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liver is diminisned rapidly due to the formation of collat- 
eral venous «hannels. The use of an arterialization of the 
portal vein by Sigel et al to provide blood at a higher 
pressure has not proved very useful. Furthermore, we 
have shown that arterialization of the liver may have 
harmful effeets on liver strueture and function.'? Except- 
ing portal bleod, the only availeble source of venous blood 
at a pressure mgher than the systemic venous pressure is 
the pulmonary artery. As its pressure is, however, much 
inferior to arterial pressure, it may be assumed that it has 
no harmful effect on the liver. For this reason, the pulmo- 
nary artery was chcsen to be anastomosed to the portal 
vein of the grafted liver. 

Much less atzenticn has been paid to the venous drain- 
age of heter»tqic liver than to its blood supply. However, 
the influence o- the low and pulsatile pressure of the vena 
cava at the level the entrance of the hepatic veins, 
very close tc the right atrium, has been demonstrated by 
Moreno et a° -o be an important factor in the physiology 
of normal liverdrainage. Furthermore, Hess et alë empha- 
sized the importance of the venous drainage of hetero- 
topically traasplanted liver: it was found impossible to ob- 


tain viable heterotopic grafts in the rat unless the outflow 
anastomosis was done as proximally as possible on the 
vena cava of the recipient and using a short cuff of the do- 
nor vena cava. The cavoatrial anastomosis that was cho- 
sen in our technique aimed to reproduce the normal condi- 
tions of venous outflow. 7 

Kiseman et al'* measured the effects of intermittent 
variations of pressure on the surface of the liver. They 
found that the blood flow and oxygen utilization of per- 
fused pig livers was increased by variations of external 
pressure identical to those existing in vivo due to dia- 
phragmatic “massage.” Similar intermittent variations of 
pressure exist inside the thorax. This may improve the he- 
modynamic conditions of the transplanted liver and con- 
sequently improve its function. 

This experimental technique of heterotopic transplanta- 
tion has the disadvantage of being technically more diffi- 
cult than most of the techniques previously described. Its 
clinical use might necessitate some modifications. How- 
ever, its success in the dog emphasizes the importance of 
the hemodynamic requirements of auxiliary transplanta- 
tion. 
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Editorial Comment 


Until the artifial liver arrives, augmenting hepatic mass with 
an auxiliary grat is possibly the most appealing way of supple- 
menting defecive hepztic function. It seems to be the only tech- 
nique feasible fer the majority of patients with hepatic failure, 
who are too sæk to withstand true anatomic exchange of livers 
(erthetepic trensolantation). Noretheless, orthotopic grafts work; 
unshakable pr»of that euxiliary grafts alone sustain life in human 
beings remains dusive. 

LeCompte anc his colleagues describe a method for circum- 
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venting some of the hemodynamic and mechanical problems that 
might have contributed to malfunction of auxiliary grafts placed 
below the diaphragm. Since direct perfusion of the liver with por- 
tal blood is not essential for hepatic regeneration, the principles 
demonstrated may have useful application despite the formidable 
operation recognized by the authors. 

RONALD A. MALT, MD 

Boston 
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Photoscanning 


An Aid to the Early Diagnosis of Rupture of the Spleen 
John A. Walsh, MD, FRACS; John Ludbrook, MD, ChM, BMedSc, FRCS, FRACS: 


Peter M. Ronai, MB, BS, BSc (Med), PhD, MRACP 


A survey was made of the delay between admission and operation 
in 62 patients with traumatic rupture of the spleen over a three-year 
period at the Royal Adelaide Hospital. In 42% of these patients, the 
delay was more than 12 hours, and in 16% more than 48 hours. In 
seven of these patients the diagnosis was made by photoscanning 
after injection of technetium Tc 99m sulfur colloid. This is a valuable 
technique as a noninvasive method of early diagnosis of splenic rup- 
ture, especially in patients with multiple injuries. 


i des ae rupture of the spleen from blunt in- 
jury is readily diagnosed when the classical features 
of left upper quadrant abdominal pain and tenderness, 
left shoulder tip pain, and shock are present. In these cir- 
cumstances, prompt operative intervention is indicated on 
a basis of strong clinical suspicion. However, in many in- 
stances the clinical features are less florid. The manifesta- 
tions of intraperitoneal bleeding may be concealed be- 
cause the patient is unconcious or because he is -also 
bleeding from injuries at other sites. Alternatively, bleed- 
ing from the spleen may be initially at a slow rate or may 
be delayed for days or weeks. Drapanas et al' have re- 
ported that 14% of cases fall into this delayed category. 

Photoscanning of the spleen with technetium Te 99m 
sulfur colloid is a simple, noninvasive method of aiding the 
early diagnosis of rupture of the spleen. 


MATERIALS AND METHODS 


The records of the Royal Adelaide Hospital were examined ret- 
rospectively over a 36-month period from July 1970 through June 
1973 to determine the total number of splenectomies performed, 
and in particular the number performed for traumatic rupture of 
the spleen. Special note was made of the time that elapsed be- 
tween the patients’ entry to the emergency room and the subse- 
quent abdominal exploration. 

Splenic photoscanning by gamma camera was performed in 
seven cases of traumatic rupture of the spleen following intra- 
venous injection of 5 millicuries of technetium Te 99m sulfur col- 
loid. Four views of the spleen—posterior, left posterior oblique, 
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lateral, and anterior—were recorded photographically. Photoscans 
of the liver were obtained at the same examination and, in each 
instance, were normal. 


RESULTS 


A total of 195 splenectomies were performed at the 
Royal Adelaide Hospital during the three-year period. Of 
these, 62 were for traumatic rupture of the spleen. In 44 
instances, the splenic rupture resulted from a vehicular ac- 
cident. Industrial accidents accounted for four, sporting 
injuries for eight, five followed falls, and one resulted 
from assault. The male:female ratio of the patients was 
3:1. The average age of the males was 24.6 yr and the fe- 
males 33.1 yr. Three of the patients died from associated 
multiple injuries. 

The timing of splenectomy in relation to admission to 
hospital for the 62 patients is illustrated in Fig 1. Thirty- 
six (58%) of the patients presented the classical manifes- 
tations of rupture of the spleen and, as a consequence, un- 
derwent splenectomy within 12 hours of admission. How- 
ever, in the other 26 patients (42%) whose clinical picture 
was more obscure, the diagnosis of ruptured spleen was 
not made for more than 48 hours in ten (16%). 

Examination of the case records of the 26 patients 
whose splenectomy was delayed for over 12 hours revealed 
associated concussion in 13, major fractures in 18, and 
other major injury (eg, cord compression) in five. In only 
four of these 26 patients was no other injury recorded. 


REPORT OF CASES 


Case 1.—A 14-year-old boy was admitted after receiving a blunt 
blow to the abdomen from another boy’s head while playing at 
school. He complained of dizziness, pain in the upper part of the 
abdomen, and a sore left shoulder. He had vomited once. A physi- 
cal examination revealed that he was pallid, sweating, and had 
generalized abdominal tenderness and guarding. 

An immediate spleen scan showed an area of deficient uptake in 
the inferolateral part of the spleen, as illustrated in the posterior 
view (Fig 2), consistent with a ruptured spleen. 

At exploration (six hours after admission), free blood with clots 
was found in the peritoneal cavity and there was a large lacer- 
ation at the junction of the medial two thirds and lateral one third 
of the spleen, the spleen being almost torn into two pieces (Fig 3). 

Case 2.—A 28-year-old man was admitted following a motor ve- 
hicle accident because of transient loss of consciousness and a 
complaint of pain in the upper part of the abdomen. A physical ex- 
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Fig 1.—Histogram displaying time interval between admission to 
hespitakand splenectomy in 62 patients with splenic rupture. Time 
scale is divided into four-hour periods up to 72 hours, and into 24- 
heur periods thereafter. 





Fig 2.—Posterier photoscan of ruptured spleen in case 1. Lower 
third of spleer hzs defective isotope uptake. Image of normal liver 
is shown on reh. 


amination showed tenderness and guarding in both upper quad- 
rantsof the abdomen. Laboratory studies revealed a fall in the he- 
moglobin leve fom 15.4 gm/100 ml on admission to 12.3 gm/100 
ral during his irst 12 hours in the hospital. As increasing guarding 
was noted in the left upper quadrant of the abdomen, a spleen 
sean was performed. This revealed a major defect in isotope dis- 
tribution in tae -ateral border of the spleen (Fig 4). In addition, 
there was reduced uptake of isotope above this defect. These ap- 
pearances weve nterpreted as indicating splenic rupture or sub- 
capsular hematoma or both. 

At expiorat.on (18 hours after admission), approximately 1 liter 
cf hematema was found around the spleen. A hilar laceration was 
present, and longitudinal slices of the excised spleen revealed an 
intrasplenic hematoma (Fig 5). 

Case 3—A 21-year-old man was admitted following an indus- 
trial accident in which he had been flung against a pump by mov- 
ing machinery. dis only complaint was of very mild abdominal 
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Fig 3.—Diaphragmatic surface of ruptured spleen removed from 
case l. 


pain. A physical examination showed that the patient was not 
shocked but had tenderness and guarding (though not rigidity) in 
the left upper quadrant of the abdomen. Neither the liver nor 
spleen was palpable and normal bowel sounds were present on 
auscultation. Plain roentgenograms of the abdomen revealed no 
abnormality. His hemoglobin level was 14.9 gm/100 mil. 

Over the next two days, he developed a mild pyrexia (38 C [100.4 
F]) and his hemoglobin level had fallen to 9.9 gm/100 ml by the 
third day. A second abdominal roentgenogram showed that the 
viseeral shadows were not as well defined on the left as previously. 

A spleen scan showed that the organ appeared to be in three 
pieces (Fig 6). This was confirmed at abdominal exploration (four 
days, 18 hours after admission) when 2 liters of old blood was re- 
moved from the peritoneal cavity, and the spleen was found to be 
in three pieces bound up in omentum. 

Case 4.—A 25-year-old woman was admitted following a vehicu- 
lar accident. She had multiple left rib fractures and a fractured 
right pubis. Her hemoglobin level was 13.6 gm/ 100 ml initially but 
fell to 8.6 gm/100 ml over two days. This fall was interpreted as 
being due to blood loss from the chest and pelvic injuries. After 
transfusion of 4 units of whole blood, her hemoglobin level rose to 
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Fig 4.—Posterolateral spleen photoscan in case 2 showing central 
area of defective isotope uptake. 


11.6 gm/100 ml and her condition was considered satisfactory. 
However, a spleen scan performed during the third day revealed a 
linear defect in the posterior view suggesting rupture. Splenec- 
tomy performed 72 hours after admission confirmed the scan find- 
ings. 

Case 5.—A 20-year-old man was admitted unconscious following 
a vehicular accident. A physical examination showed scalp lacer- 
ations, superficial abrasions, and gross cerebral irritation that 
made management difficult. Laboratory studies showed a hemo- 
globin value of 13.3 gm/100 ml on admission. By the sixth day the 
patient was conscious enough to complain of abdominal and chest 
pain. By the tenth day after admission, his hemoglobin level had 
fallen to 11.4 gm/100 ml. A spleen scan was performed that 
showed an area of diminished uptake at the superomedial pole, 
suggesting the possibility of an intrasplenic hematoma. However, 
because of persistent disorientation, restlessness, and crying out, 
he was managed conservatively during the remainder of his five- 
week stay in the hospital. Frequent hemoglobin estimations 
showed no further drop in hemoglobin values, and transfusion was 
not necessary. His neurological state improved, and he was dis- 
charged to a rehabilitation center. Three months after the acci- 
dent, he was making good progress and splenectomy has not been 
performed. 

Case 6.—A 19-year-old man was admitted following a vehicular 
accident complaining of left upper quadrant abdominal pain and 
pain in the left shoulder, left knee, and right ankle. A physical ex- 
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Fig 5.—Spleen removed from case 2, sliced to show central hema- 
toma. 





Fig 6.—Lateral splenic photoscan in case 3 showing three discrete 
areas of isotope uptake that correspond to three fragments of 
Spleen. 


amination provided no evidence of shock, but there was abdominal 
tenderness. There was a rupture of the anterior cruciate ligament 
of the left knee, and a fracture of the medial malleolus of the 
right tibia. Plain roentgenograms of the chest and abdomen re- 
vealed no abnormality. His hemoglobin level was 11.6 gm/100 ml 
on admission and remained steady over the next few hours. 

By the next day his abdominal tenderness had decreased, but a 
spleen scan showed a large area of reduced isotope uptake in the 
lateral aspect of the spleen. This suggested a large hematoma. At 
abdominal exploration (30 hours after admission) the spleen was 
found to be lacerated near the hilum with a hematoma in the li- 
enorenal ligament. The patient made an uneventful recovery from 
splenectomy and had his torn cruciate ligament repaired at a later 
admission. 
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Fg 7 —Posterpr splenic photoscan in case 7 showing three dis- 
crete areas of iset@e uptake. Upper two represent normal spleen 
with equatorial tear lower was intact, accessory spleen. 


Case 7.—A 26--ear-old man was admitted following a motor ve- 
hicle accident with eoncussion and a complete paraplegia from the 
levd of the sixth thoracic spinal segment. Progressive abdominal 
distention was neted. A spleen sean suggested a complete rupture 
of the spleen, the la-ter appearing to be in three pieces (Fig 7). At 
expbration (16 h»us after admission), a complete equatorial dis- 
ruption was found, he spleen being in two pieces. The most infe- 
rior of the three fragments revealed on the scan corresponded to a 
moderately large-acessory spleen. 


COMMENT 


The value of phetoscanning in cases of suspected splenic 
trauma was first described by Wener and Boyle, who re- 
ported one case o” precperative diagnosis of subcapsular 
hematoma using * Cr-erythrocytes. Subsequently, Wener’ 
reported four furtaer cases where technetium Te 99m sul- 
fur colloid seanring had revealed examples of a central de- 
fect, a peripheral Jefec:, and disruption in splenic archi- 
tecture. Jackson end Albright,‘ using *'Cr-erythrocytes, 
demenstrated æ subcapsular hematoma on a rectilinear 
photescan, and )’Mara et alë presented five patients in 
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whom technetium Te 99m sulfur colloid scanning had 
proved a most valuable diagnostic aid in this condition, 
but preferred rectilinear scanning to the gamma camera 
because the rectilinear scan could be superimposed on a 
roentgenogram. We prefer the gamma camera because of 
the ease of obtaining several views and because of the 
rapidity of the examination, important in these injured 
patients. 

We have pointed up the fact that in 42% of the patients 
with ruptured spleen, operation was not performed for 
more than 12 hours after admission and that in 16% the 
time interval was more than 48 hours. In our experience, if 
the diagnosis of ruptured spleen is suspected but not im- 
mediately obvious, there follows a period of observation of 
the patient and his hemoglobin level that is longer or 
shorter according to the skill and experience of the at- 
tending surgeon rather than according to the magnitude 
of the rupture. Plain abdominal roentgenograms will 
strengthen the suspicion only when the perisplenic hema- 
toma is of sufficient size to displace the gastric or colonic 
gas shadows from the diaphragm to a notable degree. 
Four-quadrant peritoneal tap, or peritoneal lavage, re- 
quires some skill in execution; and a good deal mere in in- 
terpretation, especially when there has been extraperito- 
neal hemorrhage as from an injured kidney, fractured 
lumbar spine, or fractured pelvis. On the other hand, 
gamma-imaging of the spleen is safe and painless. Al- 
though techniques are available for specific imaging of the 
spleen, eg, using heat-damaged red blood cells labeled 
with technetium Tc 99m, the use of technetium Te 99m 
sulfur colloid is preferred, since it allows detection of con- 
comitant hepatic trauma. In six of the patients reported 
here, the anatomic injury to the spleen corresponded 
closely to the deductions made from the photoscan. In case 
5 we have no means of knowing whether the patient did in 
fact have an intrasplenic hematoma, for we decided to 
take a chance on mere continued observation of the pa- 
tient. Because minor lacerations of the spleen may not 
continue to bleed (as illustrated by the relative safety of 
splenic puncture portography), we do not commend spleen 
photoscanning as a routine investigation for all patients 
who might have had a blow to the abdomen or lower part 
of the chest. We do commend it as the most rational inves- 
tigation of any patients in whom there is the least suspi- 
cion of splenic injury. 


The board of management and the visiting staff of the Royal Adelaide 
Hospital gave permission to examine the relevant case notes. 
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Hypothermic Pulsatile Kidney Preservation 


Comparative Analysis of Plasma Fractions 
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Dog kidneys perfused with either cryoprecipitated plasma or silica 
gei fraction for 24 hours had normal function posttransplantation. In 
the absence of warm ischemia, albumin was as good a perfusate as 
cryoprecipitated plasma and silica gel fraction. If the kidneys were is- 
chemically damaged, perfusion with albumin and plasma protein 
fraction (Plasmanate) did not prevent poor kidney function after 
transplantation. However, all ischemically damaged kidneys perfused 
with cryoprecipitated plasma or silica gel fraction functioned nor- 
mally after transplantation. Because silica gel fraction can be stored 
easily; it is easier to use as a perfusate than cryoprecipitated plasma. 


ryoprecipitated plasma is, at present, the best 
perfusate for hypothermic pulsatile kidney perfu- 
sion.*? A more convenient perfusate is needed, however, 
since plasma has several disadvantages: (1) its prepara- 
tion is time consuming; (2) it is difficult to standardize; (3) 
there is a risk of hepatitis; and (4) cytotoxic antibodies 
may be present. To avoid these problems, other perfu- 
sates, such as albumin,** high-concentration fatty acids,’ 
tissue culture medium 199, low molecular weight dex- 
tran, and plasma protein fractions,’ have been used, al- 
though generally with less success. 

We studied the effects of perfusate composition to iden- 
tify the perfusate characteristics that would make the 
most convenient perfusion solution. In particular, we 
studied the plasma fractions that would determine a bet- 
ter perfusate for ex vivo perfused kidneys in a 24-hour 
perfusion model with and without warm ischemia dam- 
age. 


MATERIALS AND METHODS 
Experimental Design 


Fifty-six canine kidneys were perfused under hypothermic pul- 
satile perfusion_for 24 hours and then autotransplanted. These 
kidneys were divided into eight groups according to the type of 
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perfusate used and the presence of warm ischemia (20 minutes). 
The groups were (1) cryoprecipitated plasma without and (2) with 
warm ischemia (six dogs per group); (3) silica gel fraction without 
and (4) with warm ischemia (six dogs per group); (5) human 
plasma protein fraction (Plasmanate) without and (6) with warm 
ischemia (eight dogs per group); and (7) albumin with warm is- 
chemia and (8) without warm ischemia (eight dogs per group). 


Operative Procedure 


Adult mongrel dogs weighing between 17 and 20 kg were 
anesthetized with methohexital sodium for induction and halo- 
thane for maintenance. A left unilateral nephrectomy was per- 
formed through a left subcostal incision without touching the 
kidney at any time during the excision. Ten minutes before we 
clamped the vessels, we administered 20 mg furosemide intrave- 
nously to the animal. Some of the kidneys were subjected to 20 
minutes of ischemic damage by leaving the organ at 37 C before 
the cold solution was given. Immediately after nephrectomy, each 
kidney was flushed with 500 ml of lactated Ringer solution at 4 C 
with procaine hydrochloride (1 gm/liter) and heparin sodium 
(10,000 units/liter). Each kidney was then placed in the perfusion- 
preservation machine (Mox-100)* for 24 hours. Thereafter the kid- 
neys were autotransplanted and daily serum creatinine values 
were observed (normal values, 1 to 2 mg/100 ml) until death or 
killing 20 days after surgery. Postmortem renal biopsy examina- 
tions were done in all the animals. 


Preservation Characteristics 


The kidneys were perfused under hypothermic pulsatile perfu- 
sion at 7 C; systolic pressure, 60 mm Hg; pulse, 60 beats per min- 
ute; osmolarity, 280-300 mOsm/liter, and sodium and potassium 
with physiologic limits. During perfusion, the flow, pressure, pulse 


- pressure, perfusate lactic acid dehydrogenase (LAD), serum 


glutamic oxaloacetic transaminase (SGOT), and f-glucuronidase, 
gas, and electrolyte levels were determined every four hours until 
the end of perfusion. 


Preparation of Plasma Fractions 


The cryoprecipitated plasma was prepared by the Belzer tech- 
nique’* with the following additives: methylprednisolone (800 
mg/liter), regular insulin (40 units/liter), phenolsulfonphthalein 
dye (1 ml/liter), and magnesium sulfate (2 gm/liter). 
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Fig 2.—Outcorre of canine ischemically damaged kidneys perfused for 24 hours and autotransplanted; mean = SE creatinine values of sili- 
ca gel fractior amd cryoprecipitated plasma. Individual creatinine values for albumin and plasma protein fraction. 










Dog Survival Following Kidney Perfusion (24 Hours) 
and Autozransplantation 
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Plasma Fractions 
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The silica gel fraction was obtained from anticoagulate citrate 
dextrose solut om dog blood centrifuged at 3,400 rpm for 15 min- 
utes at 25 C. The supernatant was again centrifuged at 5,000 rpm 
fer 15 minutes at 2 C, and then treated with silica gel (40 
gm/liter) for tfvc hours. After the supernatant obtained was fro- 
zen and thaw=d, the four acditives were included. The super- 
natant was then double filtrated through a 0.22 Millipore filter. 

The albumir selution used consisted of salt-poor albumin 25%, 
150 ml; normal saline 0.9%, 416.1 ml; dextrose 5%, 83.4 ml; 
NaHCoO,, 10 m®q plus zhe regular additives. Human plasma pro- 
tein fraction was used efter adjusting the electrolyte and osmolar 
values to normal, and regular additives were also added. 
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RESULTS 


Groups 1 and 2 (Cryoprecipitated Plasma).—Kidneys per- 
fused with eryoprecipitated plasma, even when 20 minutes 
warm ischemia was applied before preservation, func- 
tioned normally after transplantation. The serum creati- 
nine level was within normal limits in the first two to 
three days after transplantation, and all dogs survived 
following grafting (Table). 

Groups 3 and 4 (Silica Gel Fraction).—Kidneys perfused 
with silica gel fraction had an outcome similar to those 
perfused with cryoprecipitated plasma. The serum creati- 
nine value was within normal limits in the first two to 
three days after transplantation, and warm ischemia had 
no effect on autograft function (Fig 1 and 2). 

Groups 5 and 6 (Human Plasma Protein Fraction).—Fifty 
percent (eight of 16) of the dogs perfused with human 
plasma protein fraction survived, but only one of the eight 
dogs that also received warm ischemia lived more than 20 
days. The serum creatinine values in tke four survivors, 
whose kidneys did not receive warm ischemia, took five to 
six days to return to normal limits. The serum creatinine 
value of the one kidney that survived renal ischemia took 
eight days to return to normal limits (Fig 1 and 2). 

Groups 7 and 8 (Albumin).—All dogs with kidneys per- 
fused with albumin survived when no warm ischemia was 
applied. The serum creatinine values returned to normal 
limits on an average of two to three days, and the kidneys 
did not show any evidence of damage. However, when 
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warm ischemia was applied, only 50% (four of eight) of the 
dogs survived more than 20 days. Kidneys that showed 
signs of normal perfusion returned to normal levels, but 
the serum creatinine value on the first day after trans- 
plantation was elevated to an average of 5 mg/100 ml 
(Fig 1 and 2). 


COMMENT 


It is evident from this study that no plasma fraction 
was as good as cryoprecipitated plasma or silica gel frac- 


tion. However, when no warm ischemia was used, cryopre- 


cipitated plasma, silica gel fraction, and albumin had 
equal results. When warm ischemia was used, the kidneys 
had a better outcome with silica gel fraction and cryopre- 
cipitated plasma. 

One possible explanation why silica gel fraction or 


_ eryoprecipitated plasma are superior to the other plasma 


derivatives is the trace materials within plasma that are 
necessary for metabolic maintenance of the hypothermic 
kidney. Such materials may be removed by the processing 
of albumin or plasma protein fraction. By adding silica gel 
to plasma, one can precipitate almost all of the fibrin- 
ogen, cholesterol, and lipoproteins and many of the tri- 
glycerides. The silica gel fraction can then be stored at 
room temperature for periods exceeding 60 days without 


_ precipitation of other materials and still could be used in 


long-term kidney perfusion.’ In addition, silica gel frac- 
tion has been shown to remove bacteria and herpes virus. 
It also removes any traces of red blood cell membrane, 
white blood cells, or platelets. 

Other factors determining poor kidney function after 
perfusion and transplantation may include vasoconstric- 
tion, capillary obstruction, and capillary endothelial dam- 
age, resulting in edema.*'”"'* Vasoconstriction may result 
from the release of renin and may produce the reduction 
in perfusate flow observed during hypothermia.'®- Resid- 
ual blood, possibly coagulated during warm ischemia and 
not eliminated by flushing with lactated Ringer solution, 
may obstruct some capillaries. Since severe endothelial 
damage occurs after extended periods of perfusion, some 
endothelial damage may also occur during brief perfusion 
periods, especially after ischemic injury. The poor results 
obtained with such perfusates as plasma protein fraction 





or albumin in kidneys that have been subjected to warm 
ischemia may reflect damage to capillary endothelium. 

Nutrients like glucose, insulin, amino acids, and fatty 
acids have been reported to be important in the main- 
tenance of the hypothermic perfused kidney.* However, 
at 4 C, the kidney function is reduced to 5% or less of its 
normal capacity and, theoretically, there is no use for most 
of these nutrients. The metabolic requirements are re- 
duced to low levels. 

The damage produced by warm ischemia in the kidneys 
perfused with albumin or plasma protein fraction may re- 
sult from damage to the metabolic system of the cells. 
Broken cells are able to interchange potassium and so- 
dium ions freely among the different compartments of the 
cell. Lactic acid and carbonic acid production rise as 
anaerobic metabolism increases. Since the lysosome mem- 
brane may be ruptured and the mitochondria metabolism 
impaired, the utilization of membrane-stabilizing agents 
might result in a better perfusion of the ischemic perfused 
organs... . 

We conclude that (1) the total concentration of proteins 
is important, (2) the presence of lipoproteins, cholesterol, 
or fibrinogen is unnecessary and might, under some circum- 
stances, be detrimental to organ perfusion,’ and (3) other 
substances such as glucose, magnesium, and insulin play a 
minor role under hypothermic conditions. The presence of 
minimal (20 minutes) ischemic damage modifies the out- 
come of kidneys perfused with either albumin or plasma 
protein fraction. All of the dogs with kidneys perfused 
with either cryoprecipitated plasma or silica gel fraction 
survived. Considering the advantages of silica gel fraction 
(easy to prepare and standardize and safe storage up to 
six months’), this perfusate should occupy a place of choice 
in kidney preservation. We are investigating the clinical 
application of this perfusate. 


This investigation was supported by Public Health Service grant AM- 
13083. 


Nonproprietary Names and 
Trademarks of Drugs 


Furosemide—Lasiz. 
Methohexital sodium—Brevital sodium. 
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and Fortal Hypertension 


Splenic tc Left Hepatic Vein Anastomosis in a Cirrhotic Patient 


Jean-Noël Malad, MD; Jean-Marie Hay, MD; Annie Elman, MD; Jean-Louis Sicard, MD 


A new portalsy=temic shunt designed to decompress the splanch- 
nic venous circulation when the inferior vena cava is not available 
has been used im one patient. The shunt involved splenectomy, mobi- 
lizing the splensc ~ein, a left lateral hepatic lobectomy, and end-to- 
end anastomosis between the splenic and left hepatic veins. Postop- 
erative and clinca evidence of patency was obtained. 


xtrinsic compression of the inferior vena cava (IVC) 
by an erlarged cirrhotic liver is a rare phenomenon 
that precludes effective splanchnic decompression by any 
conventional dortal-systemic anastomosis constructed be- 
low the liver. Sach shunts may fail immediately’ or be- 
come subject so delayed anatomical occlusion.’ This article 
presents a new operative approach to this problem that 
has been used successfully in a patient with documented 
IVC obstruction and portal hypertension. 


Report of a Case 


A 44-year-old white men with cirrhosis, presumably due to alco- 
holism, had undergone an elective end-to-side portacaval shunt in 
Deeember 1971 because of an episode of hematemesis five months 
earlier. Accordir= w the operative record, a portion of the caudate 
lobe had to be reseeted, and the shunt as initially constructed only 
reduced the portal pressure from 23.0 to 19.5 mm Hg. The anasto- 
mosis was revised and made larger, which reduced the portal pres- 
sure to 9.0 mm He. A biopsy specimen of the liver obtained during 
the procedure revealed multiple epithelioid nodules with central 
caseation in add tien to the expected pattern of cirrhosis. As a 
consequence, ant tuperculous therapy was started postoperatively 
and continued or aa outpatient basis. | 
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After doing well for the first three postoperative months, he de- 
veloped anemia, splenomegaly, and edema of the lower extrem- 
ities. These were treated with better control of the sodium in his 
diet and orally administered iron. In October 1972, ten months af- 
ter the portacaval shunt, he had fever, ascites, a right pleural ef- 
fusion, and persistence of his splenomegaly and peripheral edema. 
These findings prompted admission to the Surgical Service of the 
Hôpital Louis Mourier. No signs of tuberculous dissemination 
were noted, and the results of the routine liver function tests were 
minimally abnormal. A scintillation scan of the liver and selective 
celiac arteriography did not demonstrate a tumor, and his serum 
a-fetoprotein assay was normal. A barium swallow revealed that 
his esophageal varices, which were collapsed on an interim study 
done previously, had recurred. A splenoportogram (Fig 1) demon- 
strated marked enlargement of the splenic and portal veins (max- 
imum diameter, 25 mm) proximal to the shunt and a small portal 
vein (11 mm) and branches on the hepatic side of the shunt. The 
IVC was acutely constricted just above the shunt, leaving only a 5 
mm retrohepatic lumen. Above the liver the caval caliber became 
normal again. The splenic pulp pressure was 25 mm Hg. 

With a preoperative diagnosis of combined portal and caval hy- 
pertension, the patient underwent splenectomy, left lateral he- 
patic lobectomy, and end-to-end anastomosis of the splenic vein to 
the left hepatic vein on Dee 15, 1972. The liver was large and 
macronodular, but no discrete tumor could be palpated. After re- 
moving the spleen, the pancreas and splenic vein were mobilized 
so that they could be positioned along the lesser curvature of the 
stomach (Fig 2). The lateral segment of the left lobe of the liver 
was transected just to the left of the round ligament to expose the 
left hepatic vein. The initial anastomosis was inadequate: it was 
too small (10 mm), the flow rate was only 500 ml/min, and very 
little change in splenic vein pressure was observed when the shunt 
was temporarily occluded. The anastomosis was taken dewn and 
the left hepatic vein dissected free to its juncture with the IVC at 
the diaphragm. An end-to-end anastomosis 20 mm in diameter 
was then possible (Fig 3). The flow through this shunt was 900 
ml/min, but the portal pressure was reduced only from 40 to 30 
mm Hg. The persistent high portal pressure was attributed to 
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Fig 1.—Splenoportogram showing marked narrowing of the infe- 
rior vena cava (arrow), dilation of the splanchnic veins proximal to 
shunt, and small portal vein on hepatic side of shunt. 





Fig 3.—Operative photograph of spleno-left hepatic vein anasto- 
mosis (arrow). 


overtransfusion. Two steps in the operation were particularly 
bloody: the splenectomy because of adherence to the diaphragm 
and extensive collaterals in the adhesions, and the hepatic lateral 
lobectomy because of the basic disease. At one point, 2,500 ml of 
fresh blood had to be transfused within 30 minutes. The hemato- 
crit reading immediately after the operation was 60% and pulmo- 
nary edema developed in the recovery room and required vigorous 
diuresis and ventilatory support. 

The postoperative course continued to be complicated. Ventila- 
tion on the respirator was required for three weeks. An extensive 
pneumonitis developed, the wound became septic, ascites re- 
formed, and was soon followed by transient liver failure with 
jaundice and encephalopathy. All of these problems proved to be 
surmountable, and by the 50th postoperative day the patient was 
well enough to be restudied. A barium swallow demonstrated col- 
lapse of the esophageal varices. An attempt to study the shunt 
through the IVC was unsuccessful because of progressive caval 
thrombosis, but excellent visualization of the venous anatomy was 
obtained during the venous phase of a selective superior mesen- 
teric arteriogram (Fig 4). Blood flowed predominantly from the 
superior mesenteric vein retrograde through the splenic vein and 
the splenohepatic shunt, but enough contrast material went 
through the portacaval shunt to visualize the narrow retrohepatic 
segment of the IVC and the small hepatic portion of the portal 
vein. 

Subsequently, the patient continued to recover slowly, but four 
months postoperatively he died from liver failure secondary to 
pulmonary sepsis. No autopsy was obtained. 
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Fig 2.—Spleno-left hepatic vein shunt (frame indicates field en- 
compassed by Fig 3). 


Comment 


Portal decompression is extremely difficult when the 
IVC is obstructed, and the procedures that have been de- 
vised to bypass the IVC have been varied and innovative. 
Fonkalsrud et al* used a prosthesis between the splenic 
vein and the distal segment of the transected left pulmo- 
nary artery to divert the portal blood. Leger and his col- 
leagues‘ used a prosthesis to shunt portal blood from the 
splenic vein to the left inferior pulmonary vein that would 
have mixed partially desaturated portal venous blood with 
the oxygenated blood returning from the pulmonary cir- 
culation. Unfortunately, the postoperative course was not 
reported. Hales and Scatliff® used a prosthesis between the 
superior mesenteric vein and the right atrium, and Lutt- 
wak et al used an abdominal varix graft to shunt from 
the splenic vein to the right atrium. 

The operation reported here has several advantages 
over those that have been described. (1) It does not require 
a combined thoracic and abdominal approach. (2) It in- 
volves only a single vascular anastomosis and does not re- 
quire a prosthetic conduit. (3) The shunt fits the pathologic 
anatomy nicely, and is capable of handling a large flow 
volume. 

This procedure has rare but definite indications. It is 
worthy of further trial when portal hypertension must be 
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Fig 4.—Venous phase of postoperative selective superior mesen- 
ric arteriograrr. Inferior vena cava, IVC; portal vein, PV; superior 
mesenteric van, SMV; splenic vein, SV. 


eorrected in the face of extrinsic retrohepatic caval com- 
pression or thrombosis. It might also be possible to decom- 
press the I\-C by two anastomoses: one conventional por- 
sacaval shunt below the liver and then the spleno-left 
hepatic veir saunt above the liver. Perhaps this type of 
shunt even zould be used to correct the Budd-Chiari syn- 
drome because if necessary, it would be relatively easy to 
perform a tarembectomy on the short segment of hepatic 
sein thet would be required. 
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Editorial Comment 


Attention has been called in the literature to the existence of in- 
creased pressure in the inferior vena cava secondary to hepatic 
swelling or compression by an enlarged caudate lobe. In the two 
cases with which our group has had experience, this caval hyper- 
tension (pressures greater than 250 mm H,O) precluded adequate 
decompression via a portacaval shunt, and recurrent hemorrhage 
and death occurred in the postoperative period. 

The present case documents an interesting sequence in which a 
portacaval shunt resulted in effective decompression of the 
splanchnic circulation and disappearance of esophageal varices, 
with, however, recurrence of esophageal varices within the first 
year following operation. Splenoportography and inferior caval 
venography demonstrated portal hypertension and retrohepatic 
compression of the inferior vena cava. Decompression of the 
splanchnic bed was accomplished a second time by left hepatic lo- 
bectomy, identification of the left hepatic vein, and anastomosis 
between the splenic and left hepatic veins. 

The complicated postoperative course indicates the technical 
difficulty of the operation and the problems that one might en- 
counter. The approach is ingenious but perhaps the solution is 
somewhat Draconian. Turunen has reported subdiaphragmatic 
transposition of the spleen for portal hypertension and, under 
these circumstances, this might prove to be a simpler and perhaps 
as adequate a procedure. At any rate, this report of an ingenious 
approach to a difficult problem should stimulate interest in this 
unusual aspect of portal hypertension and provide further experi- 
ence with and evaluation of possible surgical solutions. 

WILLIAM V. MCDERMOTT, JR., MD 
Boston 
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Midline Dermoid 
Tumors of the Neck 


Alfred D. Katz, MD 
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Although the midline dermoid tumor of the neck is supposed to be 
extremely rare in comparison with thyroglossal duct cyst, 13 pa- 
tients were treated during a period when 45 thyroglossal duct cysts 
were seen. It is important to check the thyroid gland and to open the 
cyst for diagnosis before deciding on the matter of hyoid bone resec- 
tion. 


Ms attention should more frequently be focused on 
the presence of the congenital lesion, the midline 
dermoid tumor of the neck. A differential diagnosis and 
the importance of preserving major structures in the dis- 
section of the tumor present a difficulty that can be solved 
by the awareness and high index of suspicion of such a le- 
sion by the surgeon. The greatest percentage of these 
congenital tumors tend to concentrate in the midline or 
areas of embryonic fusion lines.’ In the neck, therefore, 
they are confused with thyroglossal duct cysts, cystic hy- 
gromas, and thyroid tumors. Dermoid cysts derive from 
ectodermal differentiation of multipotential cells that 
were probably pinched off at the time of closure of the an- 
terior neuropore. Erich’ differentiated inclusion dermoid 
cysts from the congenital dermoid cysts of teratoma type 
that arise from embryonic germinal epithelium. The true 
inclusion dermoid cyst developing in embryonic clefts and 
lines of fusion is lined with stratified epithelium that pos- 
sesses sebaceous and sweat glands and hair follicles. Prac- 
tically all inclusion dermoid cysts are found about the 
head and neck. 


Patients 


The 13 patients making up this report are presented in the 
Table. There were seven males and six females, ranging in age 
from 1 year to 55 years. The masses extended from 2 to 5 cm. The 
only symptom was a nontender, firm, smooth mass. The doughy 
consistency of submental and submaxillary dermoid tumors? was 
not found in this group. No family history of dermoid tumors or 
other congenital lesions was elicited. Preoperatively, the diag- 
noses were thyroglossal duct cysts (six); thyroid tumors (five); cys- 
tic hygroma (one); and dermoid tumor (one). Most of the patients 
had sodium iodide I 131 uptake and scans preoperatively. Those 
midline dermoid tumors in the thyroid area were usually in the 
deep viseral fascia and could be separated from the thyroid gland 
without a thyroid dissection. However, in case 11, a 19-year-old 
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Midline Dermoid Tumors of the Neck in 13 Patients 








thyroid cartilage 
Midline of neck 
below thyroid cartilage 


2 om mass, midline 
suprasternal notch 


I2M/4yr 
13/M/&yr 


woman hed tie ~ight lobe of her thyroid removed with the mass 
because ef a marked nflammatory process. The dermoid tumor 
was identifiec only aftar the specimen was removed. The dermoid 
tumors in the mHlline below tae hyoid bone and suspected of being 
thyreglossal uc cysts were always opened before resection of the 
centerof the ayeid bore. This greatly decreased the magnitude of 


the surgery. 
Comment 


In reviewing the _iterature, dermoid tumors of the neck 
were found tc make up only 1.8% of a total body series 
(ten of 541 cases) as compared to dermoid tumors of the 


_head (173 o- 241 cases or 31.98%).* However, in this small 


private series of 20 cases, 13 dermoid tumors were found 
in the neck end seven in the submaxillary, submental 
areas. Duriag the same 1963 to 1973 period, 45 thyroglos- 
sal duct cysts were resected. The 13 cases of dermoid tu- 
mors of themeck this made up 22% of the 58 cases of mid- 
line er near-midlire lesions of the neck. This, then, is 
certainly net the picture of an infrequent lesion of the 
neck,‘ but 7a-her of a congenital tumor probably not con- 
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Case No. /Sex/Age Location Preoperative Clinical Impression Surgery Pathologic Finding 
1/F/18yr Midline suprasternal Cold nodule isthmus of thyroid 1963 Dermoid tumor 
notch 
2/F/5 y Midline suprasternal Cold nodule isthmus of thyroid 1964 Dermoid tumor 
notch 
3/M/4 or Below hyoid bone Thyroglossal duct cyst 1965 Dermoid tumor 
just right of midline : 
4/F/454r Mid ine neck above Cold nodule thyroid 1965 Dermoid tumor 
cricoid cartilage 
5/M/1E mp Midline beneath Cold nodule thyroid 1965 Dermoid tumor 
cricoid cartilage 
6/M/3 7r Midline beneath hyoid Thyroglossal duct cyst 1966 Dermoid tumor 
i kone 
7/F/9 wr Jpper right side of neck Cystic hygroma 1966 Dermoid tumor 
beneath mastoid 
8/M/4 wr Midline neck on Thyroglossal duct cyst 1967 Dermoid tumor 
thyroid cartilage 
9/F/9 "r Below left lobe of Cold nodule left lobe of thyroid 1967 Dermoid tumor 
thyroid over trachea 
to left midline 
10/M/1 yr Micline neck below Thyroglossal duct cyst 1971 Dermoid tumor 
hyoid 
11 /F/1C ye Right of midline on Cold nodule upper pole right 1972 Dermoid tumor 


lobe of thyroid 
Thyroglossal duct cyst 1973 


Midline dermoid 1973 


























Dermoid tumor 






Dermoid tumor 








sidered important and not being reported in the litera- 
ture. 


Conclusion 


Since these benign midline dermoid tumors of the neck 
are now being identified more frequently, and since they 
can be removed so easily without sacrificing major struc- 
tures, it is important for surgeons to have a high index of 
alertness whenever a midline lesion is found. Opening of 
these dermoid cysts before sacrificing the center of the 
hyoid bone or the thyroid lobe can greatly decrease the 
magnitude of a surgical procedure. 
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Late Spontaneous Rupture 
-~ in a Homografted Kidney 


An unusual case of late spontaneous parenchymal perforation of 
an allogenic kidney transplant was successfully treated by nephres- 
tomy drainage. 


ontaneous parenchymal rupture in renal homografts 

causing hemorrhage is not rare. The incidence is 
about 3% to 6%.! It happens usually during an early acute 
rejection period. 

Both pelvic and ureteral necrosis, common in both 
transplant and nontransplant patients, are related to in- 
fection, rejection, trauma, and technical problems.**-*” 

This is a case report of an unusual delayed spontaneous 
parenchymal rupture in the lower pole of a homografted 
kidney that caused no hemorrhage. It appeared to be due 
to focal necrosis causing localized abscess formation. The 
complication was successfully treated by nephrostomy 
drainage. 


REPORT OF A CASE 


The patient is a white woman born in 1942. In 1963 she had sev- 
eral episodes of urinary tract infections. At that time she was 
pregnant and had signs and symptoms of mild toxemia of preg- 
nancy. In 1966 a biopsy examination of the kidney showed chronic 
glomerulonephritis. In February 1970, she was started on regular 
hemodialysis therapy twice a week. In June 1973, she had pre- 
formed cytotoxic antibodies against 58% of the lymphocytes from 
a panel of voluntary blood donors. 

On Nov 2, 1973, she received a cadaveric kidney transplant (D 
match; mixed lymphocyte culture stimulation index, 1.87%; nega- 
tive cross match). The organ had a single renal artery by ar- 
teriography (Fig 1). Simultaneously, she underwent bilateral 
nephrectomy and splenectomy. A regimen of cyclophosphamide 
(Cytoxan), azathioprine (Imuran), prednisone, and anti- 
lymphocyte globulin were started on the day of operation. The 
transplanted kidney functioned satisfactorily (on the fifth day the 
blood urea nitrogen [BUN] value was 38 mg/100 ml; creatinine 
value, 1.7 mg/100 ml). A summary of the clinical course is shown 
in Fig 2. Two intravenous pyelograms done on the seventh and 
27th postoperative days were normal. Postoperatively, a urine cul- 
ture showed substantial growth of Escherichia coli. She was given 
nitrofurantoin (Furadantin) for two weeks. Subsequent urine cul- 
tures were negative. The patient was discharged in satisfactory 
condition with excellent renal function 28 days after transplanta- 
tion. 

Four days after discharge she was readmitted because of rejec- 
tion, and prednisone dosage was raised to 200 mg and then de- 
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Fig 1.—Angiogram of doncr kidney; no anatomical abnormality. 


ereased by 2C ma per day. She developed steroid-induced diabetes 
‘fasting blod glucose levels over 500 mg/100 ml), which was 
treated rst with insulin injection and later with tolbutamide 
(Orinases. Tre Lidney recovered satisfactorily. 

She was discharged with a BUN value of 44 mg/100 ml, a creati- 
nine value of 13 mg/100 ml and a fasting blood glucose level of 
138 mg/100 ml. She was well until she again returned to the hospi- 
tal with severe acute abdominal pain. Her temperature was 37.5 C 
(99.5 F); blocd pressure, 140,100 mm Hg; pulse, 84 beats per min- 
ute, Thelower part of her abdomen was severely tender, with mild 
guarding of he right lower quadrant just over the graft and the 
suprapubic region. The graf: was not swollen. Bowel sounds were 
normal. Rectal 2xamination disclosed minimal tenderness of the 
right reetal she f; no masses were felt. 

Laborator- s-udies disclosed the following values: white blood 
cell count (WBO), 16,500/cu mm; hematocrit reading, 39%; electro- 
lytes, nerma; “asting blood glucose, 155 mg/100 ml; BUN, 81 
mg/100 ml; ceetinine, 2.6 mz/100 ml; amylase, 114 units (normal). 
An electroca-dingram and chest roentgenogram were normal. An 
intravenous pyzlogram showed mild hydronephrosis. There was 
extravasatioa ia the area of the lower pole of the graft. The renal 
shadow was noè enlarged (Fig 3). 

Hospital Course.—On adm ssion, a Foley catheter was inserted 
to the biadder. Only 10 ml cf urine was obtained. In view of the 
roentgenograpkic findings, graft exploration was done under gen- 
eral anesthesia The graft was found to be of normal size and 
eolor. There was a perforation with localized abscess formation in 
the lower pow. Urine appeared through the perforation. The vas- 
eular anastomoses were normal. Gram stain from the abscess ma- 
terial showed rumerous gram-negative rods. Pockets of serous- 
containing fuil were seen to compress the distal part of the 
ureter. Othe-w-se the ureter looked normal. An 8N Foley catheter 
was inserteé through the perforated area to a lower major calix of 
the kidney. Ar intraoperat:ve nephrostomogram verified proper 
positioning: əf zhe nephrostomy tube and absence of leakage or 
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Fig 2.—Clinical course of patient. 


ureteral obstruction (Fig 4). The wound was irrigated with anti- 
biotic solution. Drains were placed around the kidney. Ampicillin 
and karamycin sulfate therapy was started and later replaced by 
clindamycin (Cleocin). The bacteria seen on Gram stain failed to 
grow in cultures and an anaerobic infection was suspected. 

Postoperative intravenous pyelogram and nephrestomogram, 
done on days 7 and 12, respectively, showed no leakage or obstruc- 
tion. On the 24th postoperative day, the nephrostomy eatheter was 
removed. Ten days later, the intravenous pyelogram was normal 
(Fig 5). Thirty-five days after surgery she was discharged well, 
with good renal function (BUN level, 46 mg/100 ml; creatinine 
level, 1.1 mg/100 ml). Urine cultures were sterile. 


COMMENT 


Spontaneous rupture of transplanted kidneys may occur 
early or late after surgery. The first early spontane- 
ous ruptures of transplanted kidneys were reported by 
Starzl and Murray et al.’ They reported ruptures that oc- 
curred within a few days after surgery in both cadaveric 
and sibling recipients. Afterward others*-*° also reported 
early spontaneous rupture of the transplanted kidney. 
Early rupture usually occurs within the first week after 
surgery. The clinical picture of a ruptured kidney is uni- 
form and characteristic; the patient complains of pain 
over the side of the transplant and a swelling can be 
noticed, the blood pressure falls, the pulse rate increases, 
and diuresis stops.**-° These complications seem to occur 
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Fig 3.—Mild hydronephrosis due to distal 
ureteral obstruction and extravasation in 
right side of pelvis. 


during a period of rejection or soon after rejection, and al- 
most all authors describe very similar clinical and oper- 
ative findings: rupture of the graft with bleeding and 
clots around it and bleeding on the peritoneal wall or in 
the peritoneal cavity." The line of rupture is usually 
sagittal. 

Late rupture with hemorrhage has been reported by 
Lord et al‘ 170 days after transplantation. The patient 
herein reported presented a different and unusual compli- 
cation in that a delayed spontaneous rupture of a localized 
area in the lower pole of the graft occurred 133 days after 
transplantation. There was no bleeding. Although there 
was a mild rise of the BUN (81 mg/100 ml) and creatinine 
(2.6 mg/100 ml) values, these promptly returned to normal 
after nephrostomy drainage, without adjustment in im- 
munosuppression. The kidney was of normal size at sur- 
gery. Review of the history revealed a mild episode of re- 
jection 3% months before this acute symptom. Pyelograms 
at this time were normal. There was no anatomical abnor- 
mality (such as a polar artery) or technical difficulty at the 
time of donor nephrectomy. However, there had been re- 





Fig 4.—Intraoperative nephrostomogram, 
perforated lower calix, nonobstructive and 
functional ureter, and normal bladder. 





Fig 5.—Postoperative 34th day; normal 
pyelogram. 


current postoperative urinary tract infections. 

A biopsy examination of the ruptured area showed ne- 
crosis and acute and chronic inflammation. The genesis of 
the complication is not clear. Possibly an intrarenal arte- 
rial branch was thrombosed during an earlier rejection 
episode. The infarcted area of the kidney then could be si- 
lent until an infection occurred and caused a tissue break- 
down. This type of complication had been reported by Jep- 
pesen," Potampa,’ and Shaw’ in nontransplanted kidneys. 

The patient was treated successfully with nephrostomy, 
wound drainage, and antibiotics without any complica- 
tions. However, Jeppesen, Potampa,’ and Shaw: have 
suggested nephrectomy for similarly affected kidneys in 
nontransplanted patients. In transplant patients with 
good graft function, conservative treatment should be 
tried in both noninfected and infected spontaneous paren- 
chymal rupture" as well as in pelvic and ureteral compli- 
cation.*""* "14 We believe that early diagnosis and con- 
servative treatment are very important in transplant 
patients to save the graft. 
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Postgraduate Work 
can be Beautiful 


AMA Clinical Convention/Honolalu. Hawaii 
November 30 _December 5, 1975 


The trouble vith most conventions is you never have enough 
fime — or enough 2nergy left at the end of the day — to really enjoy 
your surreundngs. 

Not so with ths convention Tne program, while one of the 
most intensive ewer offered, has been carefully arranged to give 
you a long, reredthing break in the afternoons. 


Your main working hours are between 7:15 a.m. and Noon 
The empnasis-is on continuingmedical education. Among the 29 
postgraduate =ourses offered: ““‘Brth Defects and Clinical Moni- 
toring,’ “‘Prectieal Endocrinclogy,” “Normal and Abnormal 
Uterine Bleeding’ “Infectious Dis2ases in Children,” “Peripheral 
Vascular Disease” ‘‘Hyperlipidernia’’ Also on the agenda are 
general sessions on Weight Control, Alcoholism, Human Sexual- 
ity and same fascmating topics indigenous to Hawaii. 

After Noon, Hawaii is yours to xplore without feeling you’re 
missing something really important. 

The special ectirities list for the Woman’s Auxiliary is growing 
longer and Icnger. Also, there are several optional sightseeing 
tours and events Time is yours to discover all the reasons why 
Hawaii isoftem cdled Paradise Found. 


The AMA wil make arrangements for all your air, travel and 
hotel needs. 

Pre- and Post-Canvention Tours. 

You have a ma:velous selection! The neighboring Hawaiian 
Islands. . the Cent . .. the South Pacific . .. even a 31 day trip 
around the werlc At least one will fit nto your time schedule. 


Flight arrangenents to Hawaii. 

The AMA Cento! Center will help you take advantage of the 
lowest airfares possible. There is no service charge... not even 
for special arsangemen‘s. 


Write orcall -he AMA Contrcl Center Today! 

Send for a Hawaii ’75 booklet. It previews the scientific program 
and should answer many of your questions on the travel portion 
of the Conventien. For those questions it doesn’t answer, do call 
(312) 782-3452 There is no ooligation. 
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An Unusual Case of 
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Bronchial Adenoma in Childhood 


Stewart Johnsor. MD; Clarence R. Roberts II, MD; 
Erad Oxford, MD; Joshua Seidel, MD; John P. Heaney, MD 


A 26-year-oH woman harbcred a symptomatic mucoepidermoid 
bronchial ademorna for 24 years, confirmed by a bronchoscopic 
biopsy examinatien 18 years before surgical therapy. 

The snug incasceration of the bulbous tip of the long, peduncu- 
lated tumor by'the margins of the left upper lobe bronchial orifice led 
us to concludeain error that the tumor originated within the left main 
stem bronchus a* the point of juncture between left upper lobe and 
main stem broncai; and therefore to undertake needlessly extensive 
resection. A more extensive bronchotomy could have revealed the 
unique growth psttern of the lesion. 


eldom is one afforded an opportunity to observe the 
clinical coarse produced by a bronchial adenoma that 
spans nearly = quarter of a century, 18 years from the 
time of initial tissue diagnosis to definitive surgical resec- 
tion. A review of the literature‘ reveals the infrequency 
ef this specific tumor subtype. Because of the heretofore 
undescribed growth pattern of this lesion and the result- 
ant, needlessly radical, resection, we believe that this case 
is importan-. 


REPORT OF A CASE 


In February 2946, an year-old girl was first admitted to the 
Physicians and Surgeons Hospital in San Antonio, Tex (precursor 
to Baptist Memorial Hospital), recovering from a bout of pneu- 
monia. 


Past History 


The child kad experienced nocturnal wheezing and orthopnea 
since age 2, wita recurrent ettacks of left-sided pneumonia that 
had become progressively more frequent and severe. She was the 
effspring of wamtime army personnel, and had been hospitalized 
an uncounted nember of times in widely scattered army station 
hospitals (one acmission, accerd:ng to the patient’s mother, lasted 
a full year). Reeords from these latter institutions are not avail- 
able. 

On Feb 27, 19-6, bronchoscopy was done. Two fragments of tis- 
sue were remaved from the left main stem bronchus, 4 and 5 mm, 
respectively, in greatest dimension. The smaller was extracted 
shrough the troachoscope; the larger had to be removed with the 
scope. The s@p= was then reinserted to establish that the main 
stem bronchus Éad been cleared. The endoscopist (now deceased) 
was under the impression that the tumor had been completely re- 
moved. 

‘Chest roentgenogram reports indicated that there had been 
near-total collayse of the left lung before bronchoscopy, with 
marked reexparsion after the procedure. Further, the patient was 
able to sleep supine without wheezing for the first time in her 
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Fig 1.—Bronchogram at age 8 (1946) shows well-developed bron- 
chiectasic changes in left upper lobe. 


memory. The actual x-ray films are no longer available. 

She was transferred soon thereafter to the John Sealey Hospi- 
tal in Galveston, Tex (University of Texas Medical School), where 
a bronchogram was done (Fig 1) and surgery planned. Several as- 
piration bronchoscopies were performed at that institution, dur- 
ing which it was appreciated that there was residual tumor; no 
further biopsy specimens were taken on these latter occasions. 
For reasons not recorded, the patient was allowed a three-week 
leave of absence before scheduled thoracotomy; however, she was 
not brought back for this planned surgery. 

She was first seen by one of us (J.P.H.) in 1953. Surgery was 
again recommended; not until 1964, however, when 26 years of 
age, after a near-fatal attack of pneumonia, was she persuaded to 
accept surgical therapy—18 years after the tumor biopsy; 24 years 
from the recorded onset of symptoms. 

In October 1964, she was admitted to Baptist Memorial Hospital 
under our care for definitive therapy (Fig 2). 


OPERATION AND POST-OPERATIVE COURSE 


On bronchoscopic inspection, and at operative bronchotomy, an 
engorged, firm, unmovable hemispherical mass bulged into the 
left main stem airway. It appeared to involve the wall of the left 
main stem bronchus at the level of the left upper lobe orifice. 
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Fig 2.—Chest roentgenogram (1964) shows left hilar mass that 
proved to be collapsed left upper lobe. 


Sleeve resection of the main stem bronchus, with sacrifice of the 
superior segment of the lower lobe as well as of the upper lobe, 
was believed essential to eradicate the tumor. The possibility of 
origin of the tumor by a minute pedicle at the distal end of the left 
upper lobe bronchus was not suspected, even during operative 
(left main stem) bronchotomy. 





Fig 3.—Resection, as indicated on diagram, was predicated on 
mistaken impression that tumor originated at junction of left upper 
lobe and main stem bronchi, and that there was substantial involve- 
ment of main stem bronchus. 
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After removal of the upper lobe and superior segment of the 
left lower lobe together with a sleeve of the left main stem 
bronchus, an end-to-end anastomosis was carried out (Fig 3). An 
elective tracheostomy was performed. 

The postoperative course was uneventful except for a low-flow 
transient air leak. There has been no evidence of recurrence. 

In the nine years since operation, there have been two minor 
episodes of hemoptysis of undetermined cause. Bronchoscepy, 
performed as an elective procedure at the time of an unrelated ab- 
dominal operation in April 1969, revealed only a shortened, other- 
wise normal left main stem bronchus. 


PATHOLOGIC FINDINGS 


The artist’s sketch illustrates the unique tumor growth pattern 
found by gross study of the specimen (Fig 4). The tumor actually 
overfilled (stuffed) the left upper lobe bronchus and occupied about 
half of the main stem airway. The left upper lobe bronchial orifice 
seemed almost to constrict the lesion at its point of emergence 
into the left main stem bronchus. The left upper lobe was col- 
lapsed; the expanded lower lobe filled the remainder of the pleural 
space. 

Gross examination revealed an endobronchial tumor that mea- 
sured 2.5 cm in length and 1.2 cm in greatest diameter. It was at- 
tached by a minute pedicle at the bifurcation of the upper lobe 
bronchus (Fig 4). From this study it was apparent that amputa- 
tion of the upper lobe would have permitted extraetion of the free 
end of the tumor from the main stem bronchus, with end closure 
of the left upper lobe bronchus. 

Slides from the original (1946) tumor biopsy examination were 
reviewed in conjunction with slides from the lobectomy specimen 
removed Oct 7, 1964. The resemblance of that original biopsy 
specimen to the histologic picture of the tumor at lobectomy indi- 
cated that they were indeed “one and the same tumor.” A compos- 


Fig 4.—True site or origin and relationship of tumor to left upper 
lobe and main stem bronchi. 
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Fig 5.—Mucpic (top), oncoeytoid (center), and epidermoid (bot- 
fom) areas from lesion (hematcxylin-eosin, x 1,000 [top], x 450 
fcenter and bottom)). 


ite photomicregzaph of the later specimen can be seen in Fig 5. It 
shows the nmacdd, oncocytoid, and epidermoid components that 
made up this rare tumor. This lesion should not be confused with 
mucoepicermpic lung cancer, nor with simple mucus gland ade- 
noma. 


CONCLUSIONS 


Definitive taerapy consists of adequate resection of the 
lesion and af pulmonary tissue distal to the involved bron- 
chial segment, if it has been irreversibly damaged. The 
lesion may >taerwise be removed by local excision," seg- 
mentally or bz sleeve resection, with preservation of dis- 
tal pulmonary tissue.* 

The peduacalated growth pattern of this lesion, with its 
minute. filmy pedicle heretofore unreported in this spe- 
cific subtype of tumor, and therefore unsuspected, resulted 
in perfermanee of a needlessly extensive resection. 
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Peripheral Ischemia Secondary to 


Ergotamine Intoxication 


Nelson Ancalmo, MD, John L. Ochsner, MD 


Because of its rarity, the diagnosis of peripheral vascular ischemia 
secondary to ergotamine administration can be easily overlooked 
with serious irreversible consequences. A patient required treatment 
for ischemia of the left leg found to be caused by excessive use of an 
ergotamine tartrate suppository prescribed for migraine headaches. 
The angiographic characteristics of vessels during ergot intoxication 
include bilateral and symmetrical arterial spasm, collateralization, 
and, infrequently, thrombi formation. 


aia vascular ischemia secondary to ergot- 
amine administration is a diagnostic problem that 
challenges the modern physician. Although rarely encoun- 
tered today, its frequency is increasing due to the wide- 
spread use of ergot derivatives in the treatment of mi- 
graine headaches. 

In the Middle Ages, epidemics of ergot poisoning were 
not uncommon, although it was not recognized as such. 
Descriptions of the characteristic symptoms of agonizing, 
burning sensations and gangrene of the feet, legs, hands, 
and arms, with dry, black, and mummified limbs separat- 
ing from the body without loss of blood, are vivid pictures 
of the severity of this condition. It was not until 1670 that 
ergot was proved to be the cause of this devastating con- 
dition. 

Today, strict control of the grain processed for commer- 
cial use has prevented the frequent occurrence of mass 
poisoning. Nevertheless, in 1926 in Russia, in 1929 in Ire- 
land, and in 1951 in France, outbreaks of widespread er- 
gotism were reported.’ Several reports have appeared in 
the world literature concerning isolated cases of iatroge- 
nic ergotism. Because ergotism is an extremely uncom- 
mon problem today, physicians are apt not to recognize 
the condition and, since continued ergot administration 
can lead to irreversible damage, it seems important to us 
to call attention to the problem. 7 
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Report of a Case 


A 25-year-old white man had a history of chronic pancreatitis of 
two years’ duration. He underwent several abdominal operations 
at various institutions for treatment of his disease and was even- 
tually referred to the Ochsner Clinic in April 1973. A pan- 
createctomy was performed removing 95% of his pancreas. The 
patient was discharged in good condition taking 30 units of iso- 
phane insulin suspension (NPH insulin) and pancreatic enzymes. 

The patient was seen in the emergency room on June 12, 1973, 
complaining of severe swelling and pain of his left foot related to 
an accident in which a motorbike fell over his left leg. A roentgen- 
ogram taken at that time showed no fracture. Two days later he 
was admitted to the emergency room with cold, blue mottling ex- 
tending up the left foot to the ankle. The left leg had only a weak 
femoral pulse and no popliteal, posterior tibial, or dorsalis pedis 
pulses. The pulses of the right leg were described as normal but 
weak. 

Because of the history of trauma, a left femoral angiogram 
was performed (Fig 1). The study showed a marked diffuse spasm 
involving all vessels with poor visualization of the distal vascula- 
ture of the leg and foot. There was no evidence of embolization. 

Papaverine hydrochloride (30 mg) and tolazoline (Priscoline) hy- 
drochloride (25 mg) were injected into the left femoral artery with 
slight improvement. Dextran 40 (500 ml) was also administered in- 
travenously. On the following day, because of a fear of gangrene 
of the foot, a left lumbar sympathectomy was performed. No sub- 
stantial improvement was apparent until 48 hours after sympa- 
thectomy, when all the signs of ischemia disappeared and pulses 
returned to normal. He was discharged in good condition. 

The surgical specimens from his pancreatectomy were reviewed 
for evidence of vasculitis or collagen disease with negative results. 

He returned on July 7 with a history of sudden onset of severe 
pain and coldness of his left foot that started the night before. He 
had been and continued to be a heavy smoker. He denied the use 
of any drugs except for insulin and pancreatic enzymes. His vital 
signs were normal and results of a physical examination revealed 
generalized vasoconstriction with normal pulses in the neck and 
upper extremities and weak pulses in the right leg. The left leg 
showed a faint femoral pulse and no other pulses. His left foot 
was cold, blue, and mottled, and gangrenous changes were evident 
in the tips of the third, fourth, and fifth toes (Fig 2). A dextran 40 
infusion was begun and a continuous epidural block given. Im- 
provement was evident about 36 hours later with gradual return 
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af pulses and ecor to the foot, except for the tips of the third, 
fourth, and fi th toes, which remained bluish. 

On July 10, while in the hospital, the patient complained of mi- 
graine headame and requested to take his own medication, which 
request was graated. Thirty minutes later his foot was cold and 
Hlue-mottled =gain. Tre medication proved to be an ergotamine 
tartrate suppesitory (Cafergct P-B) and the possibility of ergota- 
mine-induced peripheral ischemia was immediately suspected. 
The patient reported taat he has been using ergotamine suppos- 
iteries at home for relief cf migraine headaches for several 
months, and up o four suppesitories per day on some occasions. 
All of his prewous admissions for ischemic changes were preceded 
by the use of meor more ergctamine suppositories. This drug was 
discontinued and an ep dural dlock was reinstituted. Again tolazo- 
line hydrechlowid (25 mg) and papaverine (30 mg) were injected 
via the femors! artery. Again improvement was not evident until 
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Fig 1.—Left femoral angiogram showing diffuse spasm of all vessels. 


Fig 2.—Gangrenous changes involving tips of third, fourth, and fifth toes. 





about 36 hours later when pulses returned to normal and the foot 
became pink, except for the tips of the third, fourth, and fifth 
toes, which continued to show evidence of minimal necrotic 
changes limited to the skin level. Sensory and motor function were 
recovered completely. He was carefully observed as an outpatient 
until the skin on the foot appeared completely norma. 


Comment 


Maier? in 1926 reported for the first time the use of er- 
gotamine tartrate in the treatment of migraine. A num- 
ber of papers have been written dealing with the adverse 
effects and complications of this therapy. In the majority 
of instances, complications are related to excessive dosage 
of the drug. Peters and Horton’ in 1951 suggested that 
taking ergotamine daily could have a rebound efect after 
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withdrawal, producing vasodilation and recurrence of the 
headache, thereby forcing the patient to take the drug 
again and creating in this way a vicious circle. This could 
be an explanation for the frequency of overdosage found 
in patients suffering from migraine. However, intoxica- 
tion need not result from overdosage. _ 

Ergot intoxication has been described‘ as occurring in 
three different forms: (1) chronic ingestion of therapeutic 
dosages of ergot drugs; (2) acute ingestion of excessive 
amounts; and (3) acute ingestion of small amounts in indi- 
viduals with hypersensitivity to the drug. By far the most 
common form is the chronic user of ergotamine who self- 
prescribes larger amounts of the drug to obtain relief of 
his pain. Acute intoxication from excessive doses has also 
been described.’ 

Several conditions are known to aggravate the vaso- 
constrictor effect of ergotamine: fever, sepsis, malnutri- 
tion, thyrotoxicosis, pregnancy, hepatic disease, renal 
disease, hypertension, coronary artery disease, and previ- 
ously existing peripheral vascular disease.’ Also, drugs 


like oral contraceptives,’ tobacco, and those drugs or con- 


ditions that affect the function of the liver can potentiate 
the action of ergotamine. By interfering with the meta- 
bolic breakdown of ergotamine in the liver, certain drugs 
such as the antibiotic troleandomycin can create a high 
blood level of the drug precipitating acute ergotism.’ Con- 
sidering the hepatotoxic effect of phenothiazines and their 
common use as antiemetics and tranquilizers, a careful 
questioning of the patient regarding their use should be 
done before prescribing ergotamine. Patients being 
treated for migraine headaches require careful evaluation 
of their peripheral vascular system as a routine procedure. 

The angiographic characteristics of vessels during ergot 





intoxication has been adequately described.** Arterial 
spasm is usually bilateral and symmetrical. In the lower 
extremities spasm may begin at the level of the common 
iliac arteries, but the superficial or deep femoral and pop- 
liteal arteries are more commonly involved. Arterial 
spasms affecting the renal arteries and the external iliac 
arteries and producing a roentgenographic picture indis- 
tinguishable from fibromuscular hyperplasia have been 
reported.’ Sequential angiograms demonstrated fibro- 
muscular changes apparent for several days that com- 
pletely cleared by ten days. One could always consider the 
possibility that fibromuscular hyperplasia in some pa- 
tients may be drug-induced, not only by ergotamine but 
also by any other vasoconstrictor drugs. 

Collateralization is more common in chronic users of er- 
gotamine. The collateral vessels are reported to disappear 
following withdrawal of the drug. In essence the chronic- 
ity allows development of collaterals, which are angio- 
graphically demonstrable during obstruction and not de- 
monstrable when obstruction is relieved. 

Thrombi formation is infrequently seen. Apparently, it 
is related to stasis distal to the spasm and also to direct 
toxic effect on the endothelium of the vessels. 

The diversity of procedures used in an attempt to coun- 
teract or to minimize the effects of ergotism has been 
striking. Local injections of vasodilators, sympathetic 
blocks, sympathectomy, systemic alpha blockers, and so øn 
have not shortened the duration of ergotamine toxicity, 
although they can be of temporary benefit. Withdrawal of 
the drug and the passage of time are the only effective 
therapies, and any other treatment is directed mostly to 
relieving symptoms. 
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Surgical Procedures in 


Unsuspected Hemophilia 


James Coy, MB; Brack A. Bivins, MD; Robert P. Belin, MD 


Although nemophila is present from birth, in uncommon in- 
stances, suca 5 this case report, the disease may lie dormant for 
several decases Therefore, it cannot be ruled out by age alone, and 
it must be considerec in certain clinical settings. For reasons not 
known, adequate correction of factor deficiencies after the patient 
has had sign icant symptoms often will not halt the bleeding. In con- 
trast, prophylaetic correction prior to trauma, such as surgery, is 
usually preventive. Although normal coagulation studies usually 
eliminate the pessibility of hemophilia, studies without factor assays 
may fail to make the diagnosis. 


Tt gies with d:agnosed hemophilia can now undergo 
elective surgery safely after appropriate preopera- 
tive correction of hemostatic flaws. At least two situations 
still exist, aowever, that may present grave problems for 
the hemopailac who must undergo surgery. The first is 
the knowm hemophiliac who may require an emergency 
procedure and thus cannot be adequately supplemented 
with his deficit factor preoperatively; the second is the 
undiagnosed aemophiliae who undergoes surgery and ap- 
pears as an inexpected intraoperative or postoperative 
bleeder. The following case of type B hemophilia illus- 
trates the atter, and the problem of diagnosis and ther- 
apy is revi2wed. 


REPORT OF A CASE 


An active_healthy, 10-year-old boy over a 48-hour period devel- 
oped abdomma pain associated with nausea and vomiting. Past 
medical history was not remarkable, even though the child and 
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family were questioned carefully for a history of trauma or abnor- 
mal bleeding. Physical examination showed a pale boy with a 
blood pressure of 90/40 mm Hg and a heart rate of 110 beats per 
minute. His abdomen was flat, firm, diffusely tender, and without 
bowel sounds. Rectal examination did not reveal any areas of ten- 
derness or masses; stool guaiac was negative. Admission labora- 
tory values included a hematocrit reading of 26% and an elevated 
white blood cell count of 21,000/cu mm. Roentgenograms of the 
abdomen were consistent with increased peritoneal fluid. The pa- 
tient was admitted to the Children’s Surgical Service and intra- 
venously administered fluids and antibiotics were initiated. With- 
in an hour of admission the patient’s temperature rose to 40.6 C 
(105 F) and there was a decline in blood pressure and urine output 
associated with substantial progressive abdominal distention. 

Shortly thereafter, an emergency celiotomy was performed. 
The abdomen contained approximately 1,500 ml of free intraperi- 
toneal blood; there was an extensive retroperitoneal hematoma 
from the splenic flexure to the right paravertebral gutter. The 
only bleeding site identified was a 5-cm area of denuded serosa 
over the fourth part of the duodenum and proximal part of the 
jejunum. Substantial oozing was noted from the wound edges de- 
spite usual hemostatic measures. This combination of observa- 
tions led to the suspicion of a hemorrhagic diathesis. The abdomen 
was closed and coagulation studies (bleeding time, platelet adhe- 
siveness, platelet count, clot retraction, partial thromboplastin 
time, fibrinogen, fibrin split product, activated clotting time, and 
clotting time) were all within normal limits. In the face of contin- 
ued postoperative bleeding (intra-abdominal and wound), specific 
factor assays were performed. A factor IX deficiency of 28% was 
found, despite previous transfusion of 3 units of fresh blood. Ad- 
ministration of factor IX concentrate (Konyne) and fresh frozen 
plasma was initiated. One thousand units of factor IX concentrate 
was administered within the first 24 hours before clinical control 
of bleeding occurred. Subsequently, the patient’s recovery was 
gradual and uneventful. Prior to discharge, the factor IX assay 
was repeated and moderately severe hemophilia with factor IX 
activity of 5% was revealed. Partial thromboplastin time was 
again normal. 
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COMMENT 

This patient was admitted with an acute condition 
within the abdomen without a history of trauma or other 
known disease process. Postoperatively, the diagnosis of 
moderately severe factor IX deficiency was made. Clinical 
presentation was attributed to minor abdominal trauma 
leading to duodenal subserosal bleeding that dissected as 
a hematoma in the retroperitoneal space and ultimately 
ruptured into the peritoneal cavity. Even in retrospect, 
neither the patient nor his family could give a history of 
abnormal bleeding in either the child or the family. 

When the surgeon encounters a hemorrhagic diathesis, 
the cause must be determined quickly and accurately. 
Some of the more common causes of intraoperative or 
postoperative hemorrhage are multiple transfusions of 
bank blood, intravascular coagulation, incompatible trans- 
fusion, unsuspected anticoagulant therapy, platelet defi- 
ciency (number of functions), plasmins (obstetric, massive 
surgical procedures), shock with anoxia, and unsuspected 
mild hemophilia.: Although measures exist for obtain- 
ing the accurate diagnosis, routine coagulation screening 
studies may not detect a mild hemophiliac and a grave de- 
lay in instituting appropriate therapy may result.*” 

Factor IX deficiency, also known as Christmas disease 
or hemophilia B, is a hemorrhagic disease closely resem- 
bling hemophilia A (classical hemophilia). Both have sex- 
linked recessive modes of inheritance. Hemophilia A is the 
most common and accounts for 80% of congenital bleeding 
disorders; hemophilia B is the second most common cause. 

The clinical spectrum of hemophilia ranges from mild to 
severe as outlined in the Table. The presence of a severe 
hemorrhagic diathesis is usually obvious. However, a 
higher degree of clinical acumen is required to diagnose 
the mild hemophiliac. A systematic approach is required. 

The majority of hemophiliacs are discovered at an early 
age because of clinical symptoms. In one study of 167 he- 
mophiliacs,‘ 88% were diagnosed prior to 5 years of age. 
Excessive traumatic bleeding was the most common clue 
in this group. However, only 60% of these patients had a 
positive family history. Our patient and the implications 
of this large study make it possible and, in a percentage of 
cases, probable, that a mild to moderate hemophiliac could 


Classification of Hemophilia by Severity 


Factor 
Degree Present, % 
Severe 1 


Symptoms 
History of bleeding dating 
from early infancy; hemar- 
throses 
Most suffer hemarthroses 
but may reach adulthood 
without crippling deformities 


Mild - Lead active lives; usually 
not discovered until late 


Moderate 1-5 


adolescence or until after 
minor surgery or dental 
extractions 
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have no personal or family history for a bleeding disorder. 

The diagnosis of a bleeding disorder requires laboratory 
evaluation of the coagulation mechanism. The following 
routine coagulation tests evaluate the intactness of three 
independent phases of (1) vascular constriction (bleeding 
time); (2) platelet clumping (platelet count and platelet 
adhesiveness); and (3) the coagulation process (stage 1: 
partial thromboplastin time; stage 2: prothrombin time; 
stage 3: fibrinogen; stage 4: fibrin split products). The 
clotting time has been shown to be totally inadequate for 
evaluating hemophilia, since factor levels as low as 1% in 
hemophilia A and B may yield normal clotting times.‘ 
Thromboplastin generation time is more sensitive than 
the activated partial thromboplastin time in detecting 
hemophilia, but it is a time-consuming test and does not 
replace factor assay in rapidity or specificity. 

The definitive step in diagnosing a bleeding diathesis 
may involve specific factor assays. Faced with a hemor- 
rhagic problem of unknown cause and a normal coagula- 
tion screen, assays of factors VIII and IX may quickly 
provide a specific diagnosis. 


TREATMENT 


Ideally, correction of the hemostatic defect should be ac- 
complished prior to operation. It may be necessary to 
institute intraoperative or postoperative therapy for a 
bleeding disorder. In the past, whole blood and fresh fro- 
zen plasma were the agents of choice in hemophilia. One 
of the major disadvantages of this regimen, especially in 
children, has been the danger of volume overload. The fac- 
tor concentrate now available provide an additional thera- 
peutic tool. However, these concentrates are formulated 
from pooled plasma and do carry a substantial risk of hep- 
atitis.° This risk must be balanced against the fact that 
large volumes of factor IX can be administered with min- 
imal increase in the intravascular volume.’ 

For adequate hemostasia, factor IX levels should be 
maintained at or above 40% for five to eight days postap- 
eratively. The factor level should be monitored with re- 
peated factor assays. 
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Left, Scalpel passes between blade and dermatome guard, indi- 
cating setting of greater than 0.17 x 10°* cm. Right, Bevel of scalpel 
is barely obliterated, indicating setting of just under 0.17 x 10-° cm. 


A knife and dermatome, used in combination, provide a practical, 
time-saving method of obtaining a uniform split-thickness graft. 


ya: a uniform split graft of desired thick- 
ness is not an easy procedure for the beginner 
equipped with a freehand knife or any type of dermatome. 
Like all mechanical devices, a dermatome may lose its pre- 
cision. A method that has proved to be simple, effective, 
and reliable for taking split-thickness skin grafts com- 
bines the use of the knife and the dermatome. 

Use is made of an electric dermatome, whose settings 
frequently become inaccurate after continued wear or 
rough handling and may yield a graft too thick or too thin. 
To solve that problem, the following sequence is employed: 

1. The blade opening is closed completely on both sides. 

2. The space is opened slowly until a knife can just slide 
between the blade of the dermatome and the case guard 
(Figure). This is done very carefully with both setting 
screws. The thickness of the knife is about 0.17x10-° em, 
which is the thickness of a good medium split graft. 
Slightly thinner grafts can be taken if the blade is set so 
that it stops at the bevel of the knife blade so it cannot 
slide through (Figure). 

3. Meticulous care must be taken not to nick or bend the 
cutting edge of the dermatome with the knife blade. Put- 
ting sufficient mineral oil on the skin and the dermatome 
blade and holding the skin taut proximally and distal to 
the cutting blade are also necessary to secure a good 
graft. 


EUS 
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Mechanized Skin Suturing 


Peter B. Samuels, MD; David J. Katz, MD; Albert K. Darrow, MD 


Skin suturing has been mechanized by substituting fixation of su- 
ture ends in aluminum clasps instead of tying the suture ends 
together. Application of clasps and cutting of sutures are simultane- 
ous, making this method more rapid than conventional suturing. Cir- 
cumferential compression of the skin by the suture is eliminated. 


epee remains the most popular method of skin 
closure. The security it affords and its flexibility are 
the most compelling reasons for its use. In the interrupted 
form, suture is a relatively slow method of closure and the 
erosshatched skin scars that follow its use are a dis- 
advantage of the method. 

In a new method, skin suturing is mechanized. Oval 
aluminum clasps are fixed to each end of the suture, an- 
choring it and holding the underlying skin in place. This is 
done instead of tying the ends of the suture in order to 
draw the skin edges together and secure them. 

This method has been used in our surgical practice over 
a four-year period in a total of 1,259 cases of which 91 
were in the neck, 19 in the thorax, 29 in the breast, 647 in 
the abdomen, 13 in the arms, and 460 in the legs. The ma- 
jority of cases in the legs were for varicose vein surgery 
and comprised 25 to 30 separate incisions. 

The suture clasps are applied by an applicator that ap- 
plies them two at a time and cuts the suture held between 
the clasps. The applier is loaded with a cartridge fabri- 
cated from plastic and preloaded with a double row of 24 
suture clasps that may be applied repetitively. Steps of 
the method are shown in Fig 1. Details of the applier and 
the contained cartridge are shown in Fig 2. 

In most instances, simple interrupted sutures were used 
for skin closure. The suture clasp tends to assume a paral- 
lel position when placed under slight tension, everting the 
skin edge. Where an incision is to be closed under tension, 
or where there is dead space to be obliterated, a figure-of- 
eight stitch is anchored by means of suture clasps as 
shown in Fig 3. 
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Simple interrupted sutures are inserted 3 to 4mm from 
the wound edge. It is essential that they be placed equidis- 
tant from the edge of the skin, otherwise the skin will 
overlap when the suture is drawn up. Either curved cut- 
ting or straight skin needles with suture swaged on may 
be used. All suture materials in use for skin closure in all 
sizes, 3-0 to 5-0, have been used successfully with a single 
exception. This Dacron Teflon-impregnated suture tended 
to slip out of the clasp several minutes after it had been 
applied. 

The sutures are removed in five to eight days, depend- 
ing on the site, the vascularity of the skin, and the age of 
the patient. The suture is removed by tilting up the clasp 
with the thumb forceps and cutting the suture with fine 
scissors as it enters the skin. Alternately, the thread pro- 
truding from the clasp can be pulled up lifting the clasp 
and exposing the suture underneath, which is then cut. 

Hairline scars without crosshatching are the usual re- 
sult of skin closure by this method. In another study of 
skin closure, a newly designed skin clip was used to close 
wounds and proved satisfactory. ‘The skin clip provided 
more rapid closure of the skin than the mechanized suture 
with equally esthetic results when the wounds were in- 
spected at three weeks postoperative. However, in the 
first 24 to 48 hours after the skin clip removal, marks left 
by the clips are distinctly visible, whereas the marks left 
by the suture clasp are generally less visible and fade 
within 24 hours. The skin clip is not suitable for closure of 


inelastic or tightly stretched skin, whereas the mech- 


anized suture can be used anywhere and under any cir- 
cumstance. The mechanized suture is preferable for 
curved and complicated incisions. 

The device was used by the authors in their own cases. 
Frequently the nurse or surgical assistant would complete 
the suture with the device. A relatively large number of 
nurses and assistants unfamiliar with the device had the 
opportunity to use it, and in all cases they mastered the 
technique within a few minutes. 


Ernest Wood collaborated in the design of the clasps and applier and fab- 
ricated the devices used in this study. 
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Fig _.—A, Erd cf suture is held taut and double suture clasps are Fig 2.—Applier with cartridge in place. Projecting pusher in car- 
applied simulteneously s suture is cut. B, Short end of suture, with tridge advances clasps into slots in jaws of applier. As soon as 
Clasp attachec. 5 discarded. C, Suture is passed successively clasps have been applied and suture cut, pusher once more ad- 
through skin edges; clasp at end of suture serves to anchor it. D, vances two new clasps into jaws. 


Anchored suture s pulled up vertical to skin from point where it 
emerges; sufficert tens on is exertec to appose skin edges and su- 
ture is then doablv clasped and cut. E, Separated suture, with clasp 
in plase, is realy for next passage through skin. 


gn 
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Bedside Pulmonary Artery Catheterization 


Simplification of Technique 
George H. Rodman, Jr., MD, Joseph M. Civetta, MD 


A subclavian intravenous line was replaced by a larger catheter in 
pulmonary artery or pulmonary wedge studies in 250 cases. This 
was accomplished by inserting a guidewire through the catheter to 
be removed and using it as a guide for introduction of the larger 
catheter. With careful attention to technical detail, complications 
have been minimal. 


he necessity to monitor cardiovascular function in 
critically ill surgical patients has long been appre- 
ciated. Direct interarterial blood pressure and central 
venous pressure were used extensively in surgical pa- 
tients. When Swan-Ganz flow-directed pulmonary artery 
catheters became available,' the usefulness of their infor- 
mation was quickly appreciated in these patients as well 
as those with myocardial infarction. Because of technical 
problems with phlebitis, maintaining wedge position, and 
more frequent difficulties in finding suitable peripheral 
veins, percutaneous internal-jugular puncture was our 
preferential method of obtaining access to the central cir- 
culation.? Though assessment of left atrial pressure was a 


marked step forward, availability of the thermodilution 


Fig 1.—Sterile table set up for catheter change, including flexible 
guidewire (upper right), percutaneous catheter introducer (No. 8F) 
with inner tapered sheath to be placed over guidewire and larger 
outer sheath through which thermodilution catheter is finally 
passed, and thermodilution catheter with attached syringes for aspi- 
ration. Scalpel, preparation solutions, clamps, sponges, and sterile 
towels complete setup. Prepackaging all equipment necessary in 
Central Supply has facilitated procedure. 
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catheters and cardiac output computer made practical car- 
diovascular monitoring a reality.’ These catheters, how- 
ever, were of a larger size, which proved to create even 
more problems in peripheral cannulation in our hands. 
Though direct subclavian puncture for central venous can- 
nulation is a common practice, the large size of catheter 
needle assemblies for direct subclavian puncture engen- 
dered a cautious approach to this route. Since many pa- 
tients already had subclavian intravenous route estab- 
lished during the course of resuscitation and initial 
monitoring, replacement of an existing subclavian intra- 
venous route with the four-lumen Swan-Ganz catheter 
was developed. Experience over the last year with this 
technique in over 250 cases has borne out the safety and 
rapidity of such an approach. Previous successful place- 
ment of a subclavian catheter removed the potential com- 
plications, and passage of the pulmonary artery catheter 
has been facilitated. 


Fig 2.—Entire upper part of chest has been prepared with appro- 
priate solutions, catheter itself has also been soaked in organic io- 
dine solution, and sterile drapes have been applied to produce lim- 
ited field. The guidewire is being passed through subclavian 
catheter. Approximately 15 cm should be introduced beyond esti- 
mated subclavian-vein puncture site (20 to 25 cm total). 





x 
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Fig 3—_oca amesthezic has been instilled next to previous punc- 
ture site. Scalpel s being usec to enlarge skin opening and will be 
extended thrauga subcutaneous tissue. Inner sheath of percu- 
taneaus cathe er introducer has been advanced over guidewire just 
shortof sxin leve. After the puncture site has been enlarged, it will 
be advaneed so taat tip will be well within subclavian system. Outer 
- sheath wiil then 3e passed over inner one until its tip is in subcla- 
vian vein. Guidewire and inner sheath are then removed. 


TECHNIQUE 


A sterile table should be set up since this procedure represents 
both a cardiae catheterization and insertion of a long-term central 
eatheter (Fig 1} Solutions for preparation of the skin, sufficient 
sponges, irrga-ing solutions, syringes, local anesthetic, and 
sharp-pointec sealpel blade are all required in addition to the No. 
TF catheter to be inserted. Special equipment includes a flexible 
guidewire to be inserted threugh the existing central venous line 
and some conduit to pass over the guidewire through which the 
catheter will be positioned. (No. 10 gauge needle-catheter assem- 
blies [Medicut] and No. 8 French catheter introducers [USCI] 
have both been atilized successfully.) The operator dons mask and 
sterile gioves while an assistant removes the existing dressing 
over'the sub@awan catheter. Preparation of the skin and catheter 
with acetone organic iodine solution, and alcohol is performed. 
The area is d-aped with sterile towels. The guidewire is passed ap- 
proximately 20 zo 25 cm through the existing subclavian catheter 
(Fig 2). With the guidewire held in place, the subclavian catheter 
is withdrawn c»mpletely over the entire length of the guidewire 
and discarded. The se ected conduit is then passed over the guide- 
wire. It has deen necassary to enlarge the previous needle punc- 
ture site in oreer to pass the much larger conduit (Fig 3). If a 
needle-cathecer assembly is used, a corkscrew motion usually aids 
passage of tae euter plastic sheath. The percutaneous catheter in- 
troducer accomplishes the same effect by the graded size of the in- 
ner tubing and outer sheath. After the large introducer has been 
inserted approximately 10 te 12 cm, the guidewire is removed and 
a syrmge atcaced to insure free aspiration of blood (Fig 4). The 
No. TF thermecdilution catheter is then passed into the superior 
vena cava, tae valloon is inflated, and the catheter advanced under 
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intravenous location of catheter tip. Syringe is then removed and 
thermodilution catheter passed in usual fashion. 


oscilloscopic monitoring as usual. When proper position has been 
achieved in the pulmonary artery, the outer plastic sheath is com- 
pletely withdrawn from the subclavian vein and skin surface. The 
head of the patient’s bed is then elevated and pressure applied for 
three to four minutes or until oozing has ceased. The skin and 
catheter insertion site are then reprepared with povidone-iodine 
(Betadine) solution. Povidone-iodine ointment is applied and a 
sterile occlusive dressing similar to those fashioned for hyperali- 
mentation lines is applied. 


COMMENT 


Preparation of insertion kits and use of established ac- 


cess to the central circulation enables the entire procedure 
to be performed rapidly and safely. Though publications 
have mentioned the rapid passage from right atrium to 
pulmonary artery, it has been our experience that success- 
ful cannulation of the superior vena cava in critically ill 
patients often may be the time-consuming portion of the 
procedure. This stage is eliminated if the technique de- 
scribed is used. One theoretic drawback of this technique 
is that manipulation of such central lines might increase 
the risk of catheter sepsis. This has not been apparent 
clinically, perhaps due to the shorter duration of cannula- 
tion and application of hyperalimentation catheter care. 
Notwithstanding, our routine is to remove these lines as 
well as other central lines if catheter sepsis is suspected. 
This method for performing bedside pulmonary artery 
catheterization is now preferred because of its ease, 
safety, and reliability. 
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Fig 4.—Syringe is attached to sheath and aspirated, confirming ~ 
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Intrathoracic Intra-aortic 


Balloon Insertion for 


Pulsatile Cardiopulmonary Bypass 


George Pappas, MD 


A technique of intra-aortic balloon pump insertion via the ascend- 
ing aorta is useful when the femoral approach is not available and 
also for supporting patients whose cardiovascular system collapses 
during thoracotomy. In addition, this approach provides a simple 
method of assisting the heart and other vital organs while weaning 
the patient off cardiopulmonary bypass. There have been no compli- 
cations noted in 25 patients treated by this method. 


eee balloon pumping (IABP) is used with 

increasing frequency in patients with cardiogenic 
shock and following cardiopulmonary bypass (CPB). It is 
currently used during CPB to convert a nonpulsatile to 
pulsatile flow.’ This technique has been employed in some 
50 patients without complication. The character of the 
pressure tracing provided by pulsatile flow is seen in Fig 
1. 

Initially, the balloon was inserted into a common fem- 
oral artery. On occasion, it may be difficult or even hazard- 
ous to insert the balloon via this approach because of dis- 
ease (obliterative or aneurysmal) of the abdominal aorta 
or its branches. For this reason, an alternative approach 
of insertion into the ascending aorta has been successfully 
employed in 25 patients having coronary bypass proce- 
dures or valve replacement. In some of these patients it 
was impossible to insert the balloon through a femoral ar- 
tery. This technique is especially useful following thoraco- 
tomy, when cardiac function deteriorates, since insertion 
is simple and expedient. 

The following is a brief description of the technique. Af- 
ter median sternotomy incision, the left pleural cavity is 
opened and the descending thoracic aorta is inspected and 
palpated to rule out intrinsic disease. Two purse-string su- 
tures are sewn to the distal part of the ascending aorta to 
which tourniquets are attached. The balloon catheter is 
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gently bent to conform with the curvature of the aortic 
arch. Insertion of the balloon is similar to that of arterial 
cannulation for cardiopulmonary bypass. The balloon is 
positioned just distal to the left subclavian artery by pre- 
measurement of the catheter and palpation of the de- 
scending aorta (Fig 2). Temporary bilateral carotid artery 
compression is employed during its insertion. In the ma- 
jority of cases, insertion of the balloon catheter does not 
encroach on space in the ascending aorta that might be 
necessary for an arterial cannula and multiple vein grafts. 
Prior to instituting CPB, the balloon volume is reduced by 
half (15 to 20 ml) in order to provide adequate room for 
circulation between the balloon and aorta and, hence, 
avoiding undue obstruction and high line pressures. Dur- 
ing CPB, the balloon is activated by the patient’s own 
electrocardiogram providing diastolic augmentation and, 
therefore, better coronary perfusion. If ventricular fibril- 
lation is used, as in coronary artery surgery, the balloon is 
activated by an external pacemaker. After completion of 
the cardiac surgical procedure, diastolic augmentation is 
used to assist cardiovascular hemodynamics during wean- 
ing from CPB. Supportive drugs with their potential haz- 
ards are not needed when mechanical support of this kind 
is used. In many patients, a brief period of mechanical 
support is all that is needed, and the balloon is removed 
prior to closure of the chest incision. 

For prolonged support, the balloon can be transferred to 
a femoral artery. However, if this route is unsuitable, sup- 
port can be continued through the aorta and the balloon 
removed days later through another thoracotomy. In ex- 
tremely ill patients who may not tolerate an additional 
thoracotomy, the balloon can be inserted through a tubu- 
lar graft sewn to the ascending aorta. The balloon cathe- 
ter and graft can be positioned into a subcutaneous pocket 
and heavy ligatures applied to control bleeding. Later, un- 
der local anesthesia, the balloon can be withdrawn and the 
graft ligated. In our experience of 25 cases, the above two 
approaches have not proved necessary so far. 

Antegrade intrathoracic aortic balloon insertion has 
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Fig 1.—Pressereærecordings ir patient with triple coronary bypass 
procedure demonstrating pulsatile and nonpulsatile flow using 


Fig 2.—Techrque of intrathoracic intra-aortic balloon insertion. 
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proved to be asimple method of instituting rapid mechan- 
ical support during thoracotomy in patients with cardio- 
vascular collapse. Support can be continued while prelimi- 
nary procedures such as cannulation for CPB, obtaining 
saphenous veins, and so on, are completed. This approach 
to balloon insertion has become a routine procedure in our 
experience and has provided a useful means of producing 
pulsatile CPB. This simple method of producing pulsatile 
CPB has proved safe and effective. When compared with 
standard nonpulsatile CPB, this technique ensures better 
myocardial metabolism and performance and better func- 
tion of other vital organs.’ Postoperative low cardiac out- 
put syndrome has not been noted, despite the presence of 
preoperative severe left ventricular dysfunction. High ar- 
terial line pressures and excessive hemolysis have not 
been noted. 


This investigation was supported by research grants from the Veterans 
Administration and the Colorado Heart Association. 
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Letters to the Editor 


The editor will be pleased to receive cor- 
respondence of 250 words or less that per- 
tains to material published in the Ar- 
CHIVES or to other matters of interest to its 
readers. Letters should be typewritten 
double-spaced and should be clearly 
marked “For Publication.” No more than 
two references are permitted and illustra- 
tions are acceptable only when essential to 
the message. 


Vascular Compression 
of the Duodenum 


To the Editor.—I am writing con- 
cerning “Vascular Compression of the 
Duodenum and Peptic Ulcer Disease” 
(Arch Surg 108:674, 1974). 

In my opinion, none of the roent- 
genograms (Fig 1 through 3) are at 
all convincing of mechanical obstruc- 
tion within the duodenum. I would 
like to know what the interpretation 
of the Department of Radiology was. 

Practically all of the roentgen- 
ographic findings given as indicating 
vascular compression of the duode- 
num may well be normal. 

More attention in the review of the 
literature should have been given to 
that opinion that holds that dilated 
duodenum is indeed common with 
peptic disease of the stomach and 
duodenum, and most likely stems 
from neurogenic reflex. With no 
trouble at all, some dozen causes of 
nonobstructive dilation of the duode- 
num can be given. 

CHRISTIAN V. CIMMINO, MD 
Fredericksburg, Va 


Late Development of 
Subclavian Artery False Aneurysm 


To the Editor.—Often trauma or 
penetrating wounds inflict injuries to 
organs distant from the traumatized 
area or site of entry.'” 

A 35-year-old man who had an in- 
jury to the left side of his neck by a 
hand pick was admitted to the chest 
clinic of Avecina Hospital, Kabul, Af- 
ghanistan, in August 1970. He was 
complaining of profuse bleeding from 
the laceration, but had no hemoptysis 
or dysphagia. Following the wound 
treatment, the patient left the hospi- 
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tal in good condition. 

Forty-eight days later the patient 
was readmitted to the hospital with 
complaints of shortness of breath and 
hoarseness of the voice. A chest 
roentgenogram revealed an encapsu- 
lated extrapleural opacity in the right 
thoracic apex. The hematoma was 
evacuated through a standard tho- 
racotomy incision. The patient’s re- 
covery was uneventful. 

Two years later, the patient noticed 
a painful mass above the right clay- 
icle, lateral to the insertion of 
sternocleidomastoid muscle, and the 
hoarseness of voice persisted. The pa- 
tient was admitted to Nader Shah 
Roghtoon (University Hospital) for 
further evaluation. He was found to 
have right-sided Horner syndrome, a 
6-cm pulsatile mass in the right su- 
praclavicular region medially, a di- 
minished right radial pulse, and a 20- 
mm systolic pressure. Paralysis of the 
right vocal cord was observed by indi- 
rect laryngoscopy. 

A right retrobrachial arteriogram 
showed an aneurysmal sac in the 
right subclavian artery with a large 
hematoma extending upward in the 
neck. Through an inverted L incision 
and partial sternotomy, the aneurysm 
was resected, the hematoma evac- 
uated, and continuity of the vessel re- 
stored with a 6-mm Dacron graft. 

A retrobrachial arteriogram ten 
days after the operation showed 
patency of the graft, and good pulses 
were palpable distally. 

WaLI M. ASEEM, MD 
Pittsburgh 

ABDULL W. GHAFAR, MD 
Kabul, Afghanistan 
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Backsides 


To the Editor.—In assessing your 
editorial, “Hemorrhoids” (Arch Surg 
108:762, 1974), some readers might be 
astounded that the chief editor has 
not yet found a new cause for hem- 
orrhoids. 

Until there is a more widespread 
acceptance of a precise definition of 
“hemorrhoids,” it is easy to under- 





stand why the chief editor has 
difficulty in finding the cause f 
still poorly defined illness. 

This generation has inherited 
word “hemorrhoids” along wit 
large variety of definitions of her 
rhoids. To illustrate this point, r 
to the medical dictionaries, the su 
cal textbooks, and the books on : 
rectal diseases. Moreover, ask 3 
colleagues to give a precise defini 
of “hemorrhoids.” And, when you 
cover confusion over terminol 
within the medical profession, 
will have understandable pity for 
lay person who regards nearly 
anorectal ailments as “hemorrhoi 

In the past, the term “fever” - 
used to indicate any of a numbe: 
illnesses that produced hyperpyre 
Currently, the disease known as “c 
cer” is being studied with differ 
causes attributed to malignant 1 
plasms of different sites. 

With Professional Standards 
view Organization the law of 
land, it is timely and appropriate 
promote the study of hemorrhoids 
as to accurately delineate the vari 
anorectal lesions that are includec 
the catchall word “hemorrhoids.” 

Hemorrhoidal disease has many c 
ical manifestations, each, perhe 
with a different cause. It seems 
ting for this generation to launc! 
crusade to find out the cause of an 
ness that has afflicted mankind 
thousands of years. 

A thousand years from now — 
medical historian might ponder t 
ironic thought. In its collective v 
dom, the US government has sp 
over 50 billion dollars to study ` 
backside of the moon, an area tl] 
has caused no one any suffering. | 
the same government has not sp 
one cent to study the backsides of 
citizens to find out why they suf 
from hemorrhoidal disease and w] 
might be done to prevent their pa 
ful piles. 

In conclusion, Dr. Chief Edit 
knowing of your deep-seated inter 
in this topic, may I suggest that 3 
promote hemorrhoidology. Then, w 
less assiduity, you will have a bet 
chance to find the cause of hem 
rhoids. I highly compliment you 
your assertive editorial. 

LEON BANOV, JR., N 
Charleston, SC 
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Books 


Fobert M. Geldwyn, MD 
Eook Review Editor 
1101 Beazon St 
Brookline, Mass 02146 


The Surgeny ef the Central Nervous 
System, by D-V.©. Northfield, 396 pp, $78.25, 
FA Davis Co, 193. 


This »newaume, comprehensive 
textbook of neerological surgery rep- 
resents an azavistic returr to an ear- 
lær day of wring :n which one au- 
thor, anc on- author only, attempted 
to set ferth his entire sterehouse of 
cinieal Enowledge in one definitive 
textbook Tae author, Mr. D.W.C. 
Northfied o Latimer, “Bucks.” En- 
gland, gracibusly acknowledges the 
suggestions made by his colleagues. 
However, each of the 24 chapters in 
this booE is written by one man, the 
auther, and they cover such diverse 
subjects as Sezial ir.vestigations (ra- 
Giology), | exctroencephalography, 
gamma-enceolealography, and neuro- 
pathelogy. 

In ths age of multiple-auchored 
textbooks im which the senicr author 
acts as the eolector and editor, per- 
kaps adcing a chapter or two of his 
cwn, ths beok is unique How well 
kas the cuther managed to convey his 
personal weal-h of information? I 
think he has Gone it beautifully. He 
gracious y azknowledges his debt to 
his teacher, Sir Hugh Cairns of Ox- 
ford, England, and Cairns’ influence 
ever the developing thoughts and 
techniques o his student is evident in 
every chapter. A man could do worse 
than have as his mentor Sir Hugh 
Cairns, for his contributions zo neuro- 
logical tumer surgery, trauma sur- 
gery, and milicary neurosurgery are 
extensiv2. 

The wolume is designed for the 
younger neurosurgeon, and each 
chapter affomsan extremely readable 
personal rev ew of the perzinent liter- 
ature and the author’s experience and 
conclusiens ¿beut tke correct way to 
treat tumors, trauma, infections, vas- 
cular malfommations, and congenital 
malformatims of the brain and spi- 
nal cord. There are ro chapters on pe- 
ripheral nerve physiology or surgery. 
There are exellent sections on the 
dinical desciptions of the effects of 
uncal hernāt»on and also cf the 
agents evailabe for the treatment of 
increased in-recranial pressure. 
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A one-sentence summary of the au- 
thor’s current medical-legal defini- 
tion of brain death is worth reproduc- 
ing: “An isoelectric EEG persisting 
for 24 hours in a patient requiring ar- 
tificial ventilation (in whom drug poi- 
soning and hypothermia can be ex- 
cluded) is now generally equated with 
cerebral death and justifies dis- 
connection of the respirator.” 

There are frequent clinical 
“pearls,” even for the older, more ex- 
perienced neurosurgeon. Mr. North- 
field points out that (1) In his experi- 
ence, brain scans are 100% abnormal 
in patients with subdural abscess; (2) 
Long survivals are possible in pa- 
tients even with incomplete removal 
of optic nerve gliomas; and (3) In pa- 
tients with choroid plexus papilloma, 
papilledema is often found. This is in 
contradistinction to congenital hydro- 
cephalus, in which papilledema is sel- 
dom encountered. Seldom is a surgeon 
or an author uniformly adept and ex- 
perienced in all phases of a speciality, 
and the best chapters in the book, 
which I am sure represent the au- 
thor’s personal interest, are on the 
meningiomas and the pyogenic infec- 
tions of the brain, including brain ab- 
scesses and subdural abscesses. Addi- 
tionally, the chapter on the surgical 
treatment of epilepsy is so well writ- 
ten that it reflects the author’s per- 
sonal interest in this field. 

Although the list price of the book 
is high, it can be strongly recom- 
mended, particularly for the surgeon 
just starting his neurosurgical career 
who wishes a broad review of the his- 
tory, background, and philosophy on 
which his subsequent knowledge may 
be expanded. 

CAPT FREDERICK E. JACKSON, 
MC, USN 
Camp Pendleton, Calif 


Emergency Abdominal Surgery, by 
Peter F. Jones, 828 pp, $47.25, FA Davis Co, 
1974, 


It is a tribute to the author of this 
book that he has single-handedly 
compiled an interesting and author- 
itative text on such a broad subject. 
He obviously has had a vast clinical 
surgical experience. The book covers 
all the acute abdominal diseases that 
fall into the province of the surgeon 
in all age groups. It is a readable book 
and is studded with interesting his- 
torical notes plus explanations of sur- 
gical eponyms. The clinical informa- 
tion is detailed and a considerable 


amount of surgical technique is in- 
cluded. The illustrations are line 
drawings for the most part and, while 
not profuse, are adequate. A short 
bibliography is appended to each 
chapter. In addition to the usual in- 
dex, the table of contents is in itself a 
miniature index. 

While the book reflects the author’s 
personal opinions, which for the most 
part are sound, he does present al- 
ternative points of view on controver- 
sial methods of management. This is 
an excellent book and can be recom- 
mended to students and house offi- 
cers. It would make a splendid refer- 
ence for physicians who do not 
frequently see patients with acute 
abdominal disease. It is a pity that 
the book is so greatly overpriced. 

THOMAS W. Borszorp, MD 
Brookline, Mass 


The Influence of Pancreatic Tumors 
on the Stomach, by Robert M. Zollinger and 
David W. Coleman, 205 pp, $11.75, Charles C 
Thomas Publisher, 1974. 


This book is a very readable and to- 
tally delightful account of one of the 
most interesting and exciting surgi- 
cal stories of the 20th century. The ac- 
count is brought to life by the man 
who initially stimulated interest in 
the association between pancreatic 
tumors and peptic ulceration. Derived 
from an address as a William Beau- 
mont lecturer, the book is divided into 
three sections. Section 1 details the 
unraveling of the mysteries associ- 
ated with pancreatic ulcerogenic islet 
cell tumors. The story starts well be- 
fore Zollinger and Ellison’s presenta- 
tion to the American Surgical Associ- 
ation in 1955, and the details are all 
very objectively documented. Adding 
to the interest of the story are photo- 
graphs of many of the people (Jen- 
kins, Poth, Osborne, Gregory, Tracy, 
McGuigan) who contributed to the 
understanding of these gastrin-pro- 
ducing tumors. In addition, the sec- 
tion deals with clinical presentation, 
diagnosis, preoperative management, 
surgical treatment, prognosis, and 
pathology. 

Section 2 documents the story of 
pancreatic tumors associated with 
massive diarrhea in much the same 
fashion. There are far fewer cases of 
this syndrome and the mechanisms 
are not as well understood. There is a 
current discussion on the identi- 
fication of the hormone produced by 
these tumors, and supportive evi- 
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dence is given for both secretin 
(which the author favors) and a com- 
bination of glucagon and gastrin. 
Sections 1 and 2 are both well illus- 
trated in the easily recognizable Ohio 
State fashion. The bibliographies are 
long, 736 items in section 1 and 68 in 
section 2. 

Section 3 is a very short documen- 
tation of the life and accom- 
plishments of William Beaumont. As 
all physicians are aware, this is an ex- 
citing story in gastric physiology 
from another era, and it is difficult to 
do it justice in 25 pages. Nevertheless, 
it is interesting reading and presents 
an appropriate background for sec- 
tions 1 and 2. William Beaumont’s ex- 
periments on Alexis St. Martin 150 
years ago represent the first major 
contributions of a surgeon to the un- 
derstanding of gastric physiology, a 
tradition most recently continued by 
Zollinger’s contributions to the un- 
derstanding of gastric physiology as- 
sociated with ulcerogenic pancreatic 
tumors. This book is reasonably 
priced and will be interesting reading 
for all surgeons. 

JOHN L. CAMERON, MD 
Baltimore 


The Spleen, by A.LS. MacPherson, John 
Richmond, and A.E. Stuart, 280 pp, $15.75, 
Charles C Thomas Publisher, 1973. 


Those who purchase books by title 
alone are likely to be disappointed in 
The Spleen. The authors freely admit 
that “it has not been [our] intention 
to produce a comprehensive manual 
of the spleen and its disorders.” It is 
rather a series of nine essays by three 
authors on general topics of interest 
about the spleen. The first chapters 
concerning anatomy, immunology, 
and pathology are complete with ex- 
tensive bibliographies but suffer from 
compression of the material to the 
point where topics are only men- 
tioned but not explained. The chap- 
ters on splenic enlargement and spe- 
cial investigations are well thought 
out and clear in their outline. The fi- 
nal four chapters of the book, ob- 
viously written by the surgeon, Mac- 
Pherson, concern the technique of 
splenectomy, management of splenic 
rupture, and the rather specialized 
subject of aneurysms of the splenic 
artery. The chapter on prognosis 
after splenectomy is a particularly 
well-documented essay that brings 
considerable order out of a mass of 
conflicting opinions. 
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It is difficult to see why this book 
was constructed as part of the Ameri- 
can Lectures in Living Chemistry 
series, since there is very little mate- 
rial of interest from a biochemical 
standpoint. Certainly the clinical 
chapters would be completely useless 
to someone interested in the more ba- 
sic aspects of splenic physiology. 

The Spleen, like Mercutio’s wound, 
is “not so wide as a church door, nor 
so deep as a well, but twill serve.” 

HARRY ZEHNER, JR., MD 
Washington, DC 


Surgery of the Liver and Portal Circu- 
lation, by William V. McDermott, Jr., 175 pp, 
$14, Lea & Febiger, 1974. 


The author of this book states his 
purpose candidly and achieves it ad- 
mirably. The volume “is intended to 
present the views of one individual” 
and “to provide the general surgeon 
with a simplified guide to manage- 
ment from a single point of view.” 
The pathophysiology and complica- 
tions of portal hypertension are dealt 
with in some detail and their man- 
agement is succintly presented. The 
author’s personal interpretations, 
opinions, and experience are given 
major emphasis. He does identify 
controversial areas and cite other ap- 
proaches, but he avoids controversy 
by not discussing the relative merits 
of opposing methods and by ignoring 
altogether those areas in which opin- 
ions are many and facts are few. 

The work does not purport to be an 
exhaustive treatise on the surgery of 
the liver, and some areas are men- 
tioned only briefly or omitted al- 
together. Thus a variety of special 
diagnostic techniques are nicely eval- 
uated, but the standard liver function 
tests are not covered at all. The em- 
phasis is on those areas in which the 
author has had great personal experi- 
ence, whereas other facets of liver 
surgery, such as tumors and ab- 
scesses, are much less elabor- 
ately treated. 

The bibliography at the end of each 
chapter is highly selective and ad- 
mittedly incomplete. More frustrat- 
ing, however, is a tendency to refer in 
the text to authors and articles that 
are not cited in the bibliography. Fur- 
thermore, there is no systematic 
means of identifying bibliographic 
references in the text. 

The advantages of this small and 
very readable volume are clarity, 
brevity, and a unified approach, ad- 


mittedly biased, to the surgical prob- 
lems of the liver and portal hyperten- 
sion. The experts in this field may 
take exception to many of the opin- 
ions expressed and to many of the 
methods of management advocated. 
The author, however, is himself an 
acknowledged expert, and in his 
judgment and evaluation of current 
techniques he carefully avoids or 
identifies experimental methods, and 
he does present alternatives. In sum, 
this represents a remarkably concise 
condensation of an immense body of 
information into a brief, highly prac- 
tical approach to management that 
would certainly be acceptable by all 
standards, even if not ideal by some. 
The general surgeon, faced with an 
immediate problem, will find this 
book a source of useful answers. 
GARDNER W. SMITH, MD 
Baltimore 


The New Physician Surgical Quiz, by 
Terrence S. Garden, Jr., 431 pp, $12.50, Appleton- 
Century-Crofts Inc, 1974. 


This book should be of interest to 
all those who like to give examina- 
tions. However, it is a paradox for, on 
one hand, it provides an excellent 
series of questions, organized by sys- 
tems, and on the other it has all the 
disadvantages of the dogmatism that 
brief answers require. It thus denies 
the pleasure of learning by cohesive 
reasoning. 

For internship and residency pro- 
grams, as well as for those who devise 
state board examinations, these ques- 
tions will prove useful. The “com- 
pleat” physician would do better to 
read more broadly and learn from 
careful clinical experience. Period- 
ically he might wish to check himself 
against segments of these questions 
but, as a means for continuing educa- 
tion, this book is at best a supplemen- 
tal and secondary method for learn- 
ing. 

J. GARROTT ALLEN, MD 
Stanford, Calif 


Fundamentals of Colon Surgery, by 
Leslie W. Ottinger, 288 pp, $15.50, Little Brown 
& Co, 1974. 


Leslie W. Ottinger, MD, is assist- 
ant professor of surgery in the Har- 
vard Medical School. His experience 
as director of surgery residency of the 
Massachusetts General Hospital ap- 
pears to be the impetus for authoring 
Fundamentals of Colon Surgery. 

This small book is a concise, well- 
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organized composition ir clear and 
straigntforvaad language. It is a uni- 
fied presentation o? surgery of the 
colon frem the anatomy and pharma- 
cology through emergencies, in- 
flammatory problems, uleerative co- 
litis, granulem=tous disease, ischemic 
lesions, fixetien abnormalities, be- 
nign and malignant tumors, and spe- 
cial eonsiderations of the lower part 
of the rectum and anus. The author 
daims no >orwinality but presents 
what he has learned from his teach- 
and preeertors in the hospital in 
whica he wcrks. The text is a compi- 
lation of the methods, practices, and 
opinions of one expert, rather than 
the current populer division of a 
subject among a number of surgeons 
with special irterests. The book does 
not attempt fdl coverage of all of the 
pros and cme but it zeros in on a 
practical apprmach to diagnosis and 
treatment of every colon problem. 
Although the aim of the book was 
the resident in surgery, the result is 
an exeellent review for the practicing 
surgeen. Mcre important-y, the book 
represents soaid ground of current 
practice to whech the surgeon ean re- 
turn when Fe ss occasionally beset by 
indecisien arising from current con- 
troversies of refinements ef technique 
and management. 
SARL H. McLautrauin, MD 
Jenver 


Surgical Pekabilitation in Leprosy, 
edited by Frank M Dowel and Carl D. Enna, 447 
pp, $45.50, Willans & W _lkins Co, 1974. 


Coneisely written, this book has 
abundant infomation for anyone in- 
terested in leorosy and particularly 
for the sug©n expected to treat 
those defornel by this disease. Lep- 
rosy is tə surgery as syphilis was once 
to medicine: he who knows the many 
manifestatiens of each malady will 
better understand his whole field. 

With autaority end from experi- 
ence. mere than 40 authors have con- 

tributed 50 chapters empaasizing re- 
constructive problems of the face, 
skin, amd upar and lower extremi- 
ties. Primary deformities of leprosy 
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include enlargement, ptosis, or even 
loss of the ear lobule; loss of eye- 
brows; redundant and wrinkled facial 
skin; nasal distortion or collapse; 
lagophthalmos; and lower facial nerve 
paralysis. Though frequently charac- 
teristic and exaggerated in leprosy, 
these deformities may occur in any 
patient and the principles and tech- 
niques of their management can be 
applied widely. 

With respect to the hand, the chap- 
ters by Drs. Brand, Clezy, Johnson, 
Riordan, and Tubiana are especially 
useful and interesting. Dr. Enna’s 
discussion of the advantages and dis- 
advantages of the various procedures 
for the claw hand must be read by 
anyone interested in this kind of 
surgery. 

The deformities and various treat- 
ments of the anesthetic foot in lep- 
rosy are beautifully described. Here 
again, there is much carry-over to the 
nonleprous patient. 

As the editors hoped, this book is a 
“worthy and steady companion” to 
R.G. Cochrane and T. Davey’s Lep- 
rosy in Theory and Practice. How- 
ever, the reader of this surgical text 
is given a good background in the 
natural history, diagnosis, and treat- 
ment of leprosy. Fortunately, al- 
though the exact method of spread of 
this disease is still uncertain, only a 
small portion of the population is sus- 
ceptible. It was found, for example, 
that 4% of family contacts of active, 
infectious cases developed the dis- 
ease. With the discovery in 1971 of 
sulfone as an effective antileprosy 
drug, the outlook for these patients is 
much improved. One of man’s oldest 
and most miserable afflictions can 
now be adequately treated and the 
stigmata of the disease can be 
ameliorated by reconstruction. No 
longer need he be the pariah he was 
in ancient times: “The leper in whom 
the plague is, his clothes shall be rent 
and his head bare and he shall put a 
covering upon his upper lip, and shall 
ery, ‘Unclean, unclean’” (Leviticus 
13:45). 

Rosert M. Gotpwyn, MD 
Brookline, Mass 
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Behold Man: A Photographic Journey 
of Discovery Inside the Body, by Lennart 
Nilsson, 254 pp, $25, Little Brown & Co, 1974. 


Cardiac Arrhythmias, by Stelio Mangiola 
and Michael Ritota, 215 pp, $22, JB Lippincott 
Co, 1974. 

Chirurgische Diagnostik, by Lucien 
Leger and Martin Nagel, 385 pp, $18.50, 
Springer-Verlag, 1974. 


ationsfahigkeit, by H. Kronschwitz and P. 
Lawin, 88 pp, Springer-Verlag, 1974. 


Face au Cancer du Sein, by les membres 


du “Club du Sein” under the direction of Jacques _ 


Reynier, 128 pp, Expansion Scientifique Fran- 
caise, 1974. 


Harrison’s Principles of Internal 
Medicine, ed 7, edited by Maxwell M. Win- 
trobe, George W. Thorn, Raymond D. Adams, et 


al, 2,044 pp, $29.50, McGraw-Hill Book Co Ine, 


1974. A 

Interpretation of Diagnostic Tests, ed 
2, by Jacques Wallach, 560 pp, $7.95, Little 
Brown & Co, 1974. 


Lehrbuch der Chirurgie, by Johann A. 
Barth, 441 pp, $14, Springer-Verlag, 1974. 


Lehrbuch der Roentgen-Diagnosti- 
schen Technik, by E.A. Zimmer and Mari- 
anne Brossy, 474 pp, Springer-Verlag, 1974. 


Manpower Issues and Voluntary 
Regulation in the Medical Specialty 
System, by Herbert J. Lerner, 200 pp, $5.95 
(paper), Neale Watson Academie Publications 
Inc, 1974. 


Medical Book Guide, edited by G.L. 
Swanson, 117 pp (monthly average), $145 per 
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year (published monthly), GK Hall & Co, 1974. — 


Nutrients in Processed Feods: Vita- 
mins and Minerals, by American Medical 
Association, 193 pp, $16, Publishing Sciences 
Group Ine, 1974. 


Orthopedie Traumatologie, by Confer- 
ences d’Enseignement, 176 pp, Expansion Scien- 
tifique Francaise, 1974. 


Proceedings of the 18th World Con- 
grass of the International College of 

urgeons, edited by P. Stefanini and V. 
Speranza, 778 pp, $63, American Elsevier Pub- 
lishing Co Ine, 1974. 


Safe Central Venous Nutrition, by 
Mohamad H. Parsa, Jose M. Ferrer, and David 
V. Habif, 266 pp, $17, Charles C Thomas Pub- 
lisher, 1974. 


Solide Maligne Tumoren in Kinde- 


salter, by E. Rossi, 101 pp, $14.235, Karger, 


1974, 


The Dynamic Compression Plate, by 
M. Allgower, P. Matter, S.M. Perren, et al, 44 pp, 
$7, Springer-Verlag, 1973. 
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COMPLETE AND AUTHORITATIVE 
REFERENCE SOURCE 
FOR THOSE WHO 
PRESCRIBE DRUGS 
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The AMA Drug Evaluations, Second Edition was prepared by 
the scientific staff of the AMA Department of Drugs and an 
advisory group of over 300 medical experts. It is the only 
drug reference prepared especially for the clinician. 


Each evaluation has been meticulously reviewed and represents 
the most authoritative information about drugs and their uses 
today. 


This handsomely bound 1,076-page volume includes a 28-page 
introduction to drugs, 92 chapters organized by therapeutic 
classification, an appendix and 2 indexes. 


AMA Drug Evaluations, Second Edition, is the indispensable 
and objective reference source for all physicians who 
prescribe drugs. 


To get your copy just complete the form below. As an 
AMA member you receive a 25% discount from regular 
publication price. And remember: your purchase is tax 
deductible. 


PUBLISHING SCIENCES GROUP, Inc. AOQS1274 
411 Massachusetts Avenue 
Acton, Mass. 01720 


Please send ———— copy(ies) of AMA Drug Evaluations, Second 
Edition at the SPECIAL AMA MEMBER’S PRICE OF $16.50" 
each, plus $0.50 for postage and handling, a saving of 25% from 
the regular publication price of $22.00. (Non-members please 
remit $22.50 inclusive.) “Massachusetts residents add 3% sales 
tax. 


O Charge O Cash 

Please charge my credit card My check for $ payable 
account as instructed to Publishing Sciences Group, 
below. Inc. is enclosed. 


O American Express O Bank Americard O Carte Blanche 


O Diners Club O Master Charge 
Amount $— 


Card Number 
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MV | (Multi-Vitamin 
mh fh! infusion) 


Each 10 cc. ampul'tor 5 cc. Concentrate 
vial! provides: 
Ascorbic acid (C)... 
Vitamin A* 
Vitamin D* 
(ergocalciferol)........... 
Thiamine HCI (B1) ............. 
Riboflavin (Bz)t 
Pyridoxine HCI (Bs) 
Niacinamide ................... 
Dexpanthenol .. 
Vitamin E* 
(dl-alpha tocopheryl acetate).....5 Int. Units 
‘With sorethytan laurate 1%, sodium hy- 
droxide 1%; and gentisic acid ethanclam- 
ide 2% as preservative 


"With propylene glycol 30% as stabilizer and 


preservative, sodium hydroxide for pH ad- 
justment, and sorethytan laurate 1.6%; in 
Concentrate as riboflavin-5-phos phate. 


*Oil-soluble vitamins A, D and E water 
solubilized with sorethytan laurate; cover- 
ed by U.S. Patent No. 2,417,299 


BRIEF SUMMARY 


INDICATIONS: in emergency feedings— 
Surgery, extensive burns, fractures and 
other trauma, severe infectious diseases, 
comatose states, etc. may provoke a 
“stress” situation with profound alterations 
in the body's metabolic demands and 
consequent tissue depletion of nutrients 
As a result, wound healing may be im- 
paired, enzyme activity disturbed, hema- 
topoietic tissues affected; hypo- 
proteinemia and edema may appear, con- 
valescence is thus prolonged. 
In such patients:M.V.1. (administered in in- 
travenous fluids under proper dilution) 
contributes optimum vitamin intake toward 
maintaining the body's normal resistance 
and repair processes 
DIRECTIONS FOR USE: M.V.I. is ready 
for immediate use when added to in- 
travenous infusion fluids 
For intravenous feeding, one daily dose of 
10 cc. of M.V.I. or 5 cc. of M.V.I. Concen- 
trate added directly to not less than 500 
c., preferably 1,000 cc., of intravenous 
dextrose, saline or similar infusion solu- 
tions...plasma, protein hydrolysates, ete 
PRECAUTION: Allergic reaction has been 
known to occur following intravenous ad- 
ministration of solutions containing thia- 
mine. 
CAUTION: Not to be given as a direct 
undiluted intravenous injection as it may 
give rise to dizziness, faintness, etc 
THERAPEUTIC NOTE: Intravenous use 
should be discontinued as early as prēc- 
tical in favor of an intramuscular or oral 
vitamin preparation, if deemed advisable. 
HOW SUPPLIED: M.V.!|.—10 cc. ampuis, 
boxes of 25 and 100. 
M.V.1. CONCENTRATE—5 cc. vials, boxes 
of 25. Available in 100’s only. 
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PHARMACEUTICALS 
USV PHARMACEUTICAL CORP. .Tuckahoe. N. Y. 10707 





D+Cr 
A+D+E= 
MLV.L. 


(Multi-Vitamin Infusion) 


short term or long term 


Amore comprehensive parenteral 
vitamin formula because... 


M.v.I. includes not only the B complex* and C 
vitamins but also the fat-soluble vitamins A, 
D and E—water solubilized for faster, 
more complete absorption. 


4 See opposi® page for product TRATES 
Brief Summary. 
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M.V.. formuli contains vitamins B,, B», 
niacinamide, dexpantheno!l and B4. If needed, 
vitamin K, vitamim B; and folic acid may 

be pptional aidiñons to parenteral nutrition 
programs utiEzirg M.V.I 
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against topical infection 


PHOTOGRAPH: SKYLAB IN ORBIT, COURTESY OF THE NATIONAL AERONAUTICS AND SPACE ADMINISTRATION. 











Broad-spectrum microbicidal action — 

the same as in BETADINE microbicides 

chosen by NASA for the Skylab mission and 

for the Apollo 11/12/14 splashdowns — 

is found in BETADINE Ointment. 

E Kills both gram-positive and gram-negative 
bacteria (including antibiotic-resistant strains), 
fungi, viruses, protozoa and yeasts. 

m Does not block air...site can be bandaged 

... Virtually nonirritating and nonstinging ...does 
not stain skin and natural fabrics. 


Purdue Frederick 


© COPYRIGHT 1974, THE PURDUE FREDERICK COMPANY 
NORWALK, CONN. 06856 157374 A7785 


Packette 1/8 oz. 


® E Single-use size for 
BETADINE ointment © degerming small ski 
TISEPTIC-GERMICIDE ijroni ak 





_ 7 ofhyperalimentatio 
— "appe on ene See sa S and catheter care. 
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| BETADINE ointment 
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i 3 Tube 1 oz. 
Packette 1/32 oz. k Multiple-use size for treating 
Single-use size for À 4 common skin infections. T 
degerming small skin 7 | preventing infection in 

\ areas, asin the case of | lacerations, abrasions and 
umbilical cord care and burns. 


4 circumcision. i i 


povidone-iodine : 
Jar 1 Ib. (also available 
ANTISEPTIC-GERMICIDE fey dius 
NET WT. 16 OUNCES (1 LB.) | Heavy-use size for treating 
infected stasis ulcers... burns 
... extensive skin areas. ..or 
for prolonged treatment. 
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Rodman 840 (De) 

eter, further experiemce [Major] 


ngiegraphy, technical aids and 
atien Sachatello) 454 (Se) 
Hear see Heart Catheteriza- 


Urinary see Urinary Catheter- 


nud lye ingestior, rationale 
surgival approach [Rey] 436 


elon, indication fər cecosto- 
Oc) 
ocation 

er, cincinnati, March 1974, 
au) 
Ssure 

e pressure in critical surg- 
bpa-isan [Toussaint] 265 (Au) 
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Cerebral Ischemia, Transient 

fibromuscular dysplasia of internal carotid ar- 
tery, surgical management [Ehrenfeld] 676 
(No) 

Cerebral Vasospasm see Cerebral Ischemia, 
Transient 

Cerebrovascular Disorders 

fibromuscular dysplasia of internal carotid ar- 
tery, surgical management [Ehrenfeld] 676 
(No) 

intermittent claudication, surgical significance 
[Peabody] 693 (No) 

Chemodectoma see Paraganglioma, 
chromaffin 

Child 

constrictive pericarditis simulating liver dis- 
ease in children [Idriss] 223 (Au) 

primary liver tumors in infancy and childhood, 
41 cases variously treated [Clatworthy] 143 
(Au) 

China 

observations of “acupuncture anesthesia” in 
People’s Republic of [Modell] 731 (De) 

Cholangiography 

operative, in rural surgical practice [ Wiethoff] 
254 (Au) 

operative, technica] aids and catheter evalua- 
tion [Sachatello] 454 (Se) 

peroral endoscopic, and pancreatography, sur- 
geon’s helper [Sugawa] 231 (Au) 

Cholangitis 

primary sclerosing [Oviedo] 747 (De) 

Cholecystectomy 

operative cholangiography in rural surgical 
practice [Wiethoff] 254 (Au) 

Cholelithiasis 

gallstone pancreatitis [Kelly] 294 (Au) 

Cirrhosis, Liver see Liver Cirrhosis 

Clothing 

value of G suit in patients with severe pelvic 
fractures, controlling hemorrhagic shock 
[Batalden] 326 (Au) 

Coagulants see Hemostatics 

Cobalt 

excitation transfer in bone, deleterious effects 
of cobalt 60 radiation-sterilization of bank 
bone [Urist] 486 (Oc) 

Cold see Hypothermia, Induced 

Collagen 

microcrystalline, used in experimental splenic 
injury, new surface hemostatic agent [Mor- 
genstern] 44 (Jy) 

Colon 

adynamic ileus of, 
[Adams] 503 (Oc) 

are elemental diets useful in bowel preparation? 
[Cooney] 206 (Au) 

civilian colonie injuries, changing concepts of 
management [Garfinkle] 402 (Se) 

diffuse mucosal hyperplasia, morphology and 
significance [Prior] 575 (Oc) 

surgery of, panel by correspondence [Hoerr] 
478 (Oc) 

transverse, perforated solitary diverticulitis of 
(letter) [Vaziri] 588 (Oc) 

Colonic Neoplasms 

earcinoembryonic antigen in diagnosis and 
management of colorectal carcinoma, current 
status [Livingstone] 259 (Au) 

Colostomy 

civilian colonic injuries, changing concepts of 
management [Garfinkle] 402 (Se) 

end, antimesenteric slit, aid in primary matura- 
tion of [Fischer] 580 (Oc) 

Common Bile Duct 

drainage, for primary sclerosing cholangitis 
[Oviedo] 747 (De) 

Constrictive Pericarditis see Pericarditis, Con- 
strictive 

Consumer Products 

are they dangerous? [Williams] 283 (Au) 

Contusions 

experimental pulmonary, risk of anticoagula- 
tion with [Ratliff] 802 (De) 

pulmonary, clinical experience [Roscher] 508 
(Oc) 

Coronary Artery Bypass see Aortocoronary 
Bypass; Myocardial Revascularization 

Coronary Care Units 

physician-patient in recovery and intensive care 
units [Badger] 359 (Se) 


indication for cecostomy 


) 


Coronary Disease see also Aortocoronary 
Bypass; Myocardial Revascularization 

acute mechanical complications of, surgical 
correction [Webb] 251 (Au) 

intermittent claudication, surgical significance 
[Peabody] 693 (No) 

ischemic myocardial injury with aortic valve 
replacement and coronary bypass [Rossiter] 
652 (No) 

Cosmegen see Dactinomycin 

Crohn Disease see Enteritis, Regional 

Cross Infection 

necrotizing enterocolitis, emerging entity im 
regional infant intensive care facility [Ro- 
back] 314 (Au) 

Cyclophosphamide 

bronchial carcinoma treated by adjuvant cancer 
chemotherapy [Shields] 329 (Au); correction, 
758 (De) 

Cystadenocarcinoma 

of biliary system [Marsh] 41 (Jy) 

Cystadenoma 

of biliary system [Marsh] 41 (Jy) 

Cystic Medial Necrosis 

correctable cause of superior vena cava syn- 
drome [Roberts] 84 (Jy) 

Cysts 

cervical thymic, case report and review of 
literature [Mikal] 558 (Oc) 

Cytoxan see Cyclophosphamide 


D 


Dactinomycin 

sarcomas of limbs, results of adjuvant chemo- 
therapy using isolation perfusion [McBride] 
304 (Au) 

Death, Sudden 

and hexachlorophene [Culliford] 434 (Se) 

Deglutition Disorders 

ankylosing vertebral hyperostosis causing dys- 
phagia [Carlson] 567 (Oc) 

Dermoid Cyst 

midline tumors of neck [Katz] 822 (De) 

Diabetes Mellitus 

intermittent claudication, surgical significance 
[Peabody] 693 (No) 

lumbar sympathetic ganglia in atherosclerotic 
patients, diabetic and nondiabetic, compara- 
tive morphological and ultrastructural study 
[Kott] 787 (De) 

Diacetylmorphine 

heroin injection, mycotic aneurysm of carotid 
artery after [Ledgerwood] 496 (Oc) 

Diaphragm 

intraluminal duodenal diverticulum [Yang] 113 
(Jy) 

Diaphragmatic Hernia 

transthoracic fundoplication for short esopha- 
gus in children [Seashore] 374 (Se) 

Diet 

are elemental diets useful in bowel preparation? 
[Cooney] 206 (Au) 

Diverticulitis, Colonic 

perforated solitary, of transverse colon (letter) 
[Vaziri] 588 (Oc) 

Diverticulosis 

intraluminal duodenal diverticulum [Yang] 113 
(Jy) 

dos Santos, Jean Cid 

arteriography, cornerstone of vascular surgery 
[Foster] 605 (No) 

dos Santos, Reynaldo (1880-1970) 

arteriography, cornerstone of vascular surgery 
[Foster] 605 (No) 

Drainage 

common duct, for primary sclerosing cholangi- 
tis [Oviedo] 747 (De) 

nephrostomy, for late spontaneous rupture in 
homografted kidney [Haberal] 824 (De) 

Dressings see Bandages 

Duodenal Ulcer 

perforated, with coexistent gastric carcinoma 
[Brodman] 524 (Qc) 

Duodenum 

intraluminal diverticulum [Yang] 113 (Jy) 

vascular compression of (letter) [Cimmino] 
844 (De) 

Dupuytren Contracture 

multiple-angled incision on volar surface of 
hand [Becton] 582 (Oc) 

Dysphagia see Deglutition Disorders 
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Edema see Pulmonary Edema 

Edema, Cardiac see Heart Failure, Congestive 

EDITORIAL COMMENT 

autogenous vein grafts in experimental canine 
atherosclerosis [Warren] 102 (Jy) 

canine intrathoracic hepatic homograft, life- 
supporting procedure [Malt] 811 (De) 

coexistent inferior vena caval and portal hyper- 
tension [McDermott] 821 (De) 

cystic medial necrosis [Waldhausen] 86 (Jy) 

diffuse colonic mucosal hyperplasia [DeCosse] 
577 (Oc) 

dissecting aneurysm after aortic valve replace- 
ment [Shumway] 390 (Se) 

excitation transfer in bone [Stauffer] 493 (Oc) 

experimental unassisted right brachial-to-fe- 
moral bypass [Zeppa] 544 (Oc) 

fibrous tumor of breast [Haagensen] 394 (Se) 

foreign graduate with US training reimmi- 
grates to US [Warren] 366 (Se) 

hormone-substrate interrelationships following 
trauma [Baue] 783 (De) 

hydrocortisone administration and gastrin and 
gastric secretion in dogs [Eisenberg] 549 
(Oc) 

immobility, hypoxemia, and pulmonary arterio- 
venous shunting [Bendixen] 541 (Oc) 

intermittent mandatory ventilation [Don] 523 
(Oc) 

intra-aortic balloon counterpulsation [Shum- 
way] 771 (De) 

intraluminal duodenal diverticulum [Fonkals- 
rud] 115 (Jy) 

low-velocity gunshot wounds of hand [Gold- 
wyn] 897 (Se) 

lumbar sympathetic ganglia in atherosclerotic 
patients, diabetic and nondiabetic [Locke] 
792 (De) 

mycotic aneurysm of carotid artery [Smith] 
498 (Oc) 

natural history of liquid lye ingestion [Filler] 
439 (Se) 

oncotic normalization after dilutional bypass 
and hypothermia [Laver] 64 (Jy) 

osteomyelitis appearing as neoplasms [Kettel- 
kamp] 72 (Jy) 

pediatric tropical intussusception 
[Fonkalsrud] 775 (De) 

primary sclerosing cholangitis [McLauthlin] 
749 (De) 

salvage of ischemic lower extremity in patients 
with poor runoff [Mannick] 786 (De) 

technique of mediastinoscopy [Sabiston] 118 
(Jy) 

thyroid lymphography [Kinmonth] 387 (Se) 

Ehlers-Danlos Syndrome 

multiple forms of [McKusick] 475 (Oc) 

spontaneous rupture of subclavian artery and 
innominate vein [Dalton] 552 (Oc) 

Embolism, Fat 

panel by correspondence [Peltier] 12 (Jy) 

Emigration and Immigration 

foreign graduate with US training reimmi- 
grates to US [Racy] 365 (Se) 

Endarterectomy 

carotid artery back pressure and, under regional 
anesthesia [Hobson] 682 (No) 

internal carotid artery pressures, guide for use 
of shunt during carotid repair [Hughes] 494 
(Oc) 

Endoscopy 

peroral endoscopic cholangiography and pan- 
creatography, surgeon’s helper [Sugawa] 231 
(Au) 

Endoxan see Cyclophosphamide 

Energy 

crisis in surgica] patients [Baue] 349 (Se) 

Enteritis, Regional 

development of carcinoma in (letter) [Crystal] 
124 (Jy) 

Enterocolitis 

necrotizing, emerging entity in regional infant 

i intensive care facility [Roback] 314 (Au) 

Epluchage 

and penicillin treatment of hepatic actinomy- 
cosis [Prioleau] 426 (Se) 

Equipment and Supplies 

are consumer products dangerous? [Williams] 
283 (Au) 


in Haiti 
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Equipment and Supplies—Continued 

dilating cannula for arterial surgery [Robb] 
584 (Oc) 

Ergotamine 

peripheral ischemia secondary to intoxication 
with [Ancalmo] 832 (De) 

Erythocytes 

dyscrasias, open heart surgery in patients with 
[deLeval] 618 (No) 

Esophageal Reflux 

transthoracic fundoplication for short esopha- 
gus in children [Seashore] 374 (Se) 

Esophageal Varices 

bleeding, transthoracoesophagea] ligation of, re- 
appraisal [Wirthlin] 688 (No) 

whatever became of esophageal balloon tube? 
(letter) [Dooling] (reply) [Orloff] 458 (Se) 

Esophagus 

natural history of liquid lye ingestion, rationale 
for aggressive surgical approach [Ray] 436 
(Se) 

short, in children, transthoracic fundoplication 
for [Seashore] 374 (Se) 

Extracorporeal Circulation 

intra-aortic balloon counterpulsation, indica- 
tions and long-term results in postoperative 
left ventricular power failure [Lamberti] 
766 (De) 

intrathoracic intra-aortic balloon insertion for 
pulsatile cardiopulmonary bypass [Pappas] 
842 (De) 

metabolic alterations with profound hypother- 
mia [Ellis] 659 (No) 

myocardial oxygen utilization during left heart 
bypass, effect of varying percentage of by- 
pass flow rate [Pennock] 635 (No) 

oncotic normalization after dilutional bypass 
and hypothermia [Marty] 61 (Jy) 

Extremities 

acute penetrating arterial injuries of neck and 
limbs [Smith] 198 (Au) 

peripheral ischemia secondary to ergotamine 
intoxication [Ancalmo] 832 (De) 

salvage of ischemic lower extremity in patients 
with poor runoff [Purdy] 784 (De) 

sarcomas of limbs, results of adjuvant chemo- 
therapy using isolation perfusion [McBride] 
804 (Au) 

symmetrical peripheral gangrene (letter) [Dar- 
dik] 588 (Oc) 


Fascia 

value of silver nitrate in controlling necrotizing 
fasciitis (letter) [Hirsch] 718 (No) 

Fatty Acids, Free see Fatty Acids, Nonester- 
ified 

Fatty Acids, Nonesterified 

hormone-substrate interrelationships following 
trauma [Meguid] 776 (De) 

Femoral Artery 

experimental] unassisted right brachial-to-fe- 
moral bypass, adjuvant during aortic cross- 
clamping [Leshnower] 542 (Oc) 

Fibrinogen 

autologous 1 ]-fibrinogen uptake test in detec- 
tion and management of venous thrombosis 
[Pollak] 48 (Jy) 

in liver disease [Wardle] 741 (De) 

Fibrinolysis 

altered endogenous, and biochemical factors in 
atherosclerosis [Peabody] 309 (Au) 

news on thromboembolism from London [War- 
ren] 477 (Oc) 

quantitation of fibrinolytic activity in venous 
and prosthetic arterial grafts [Yao] 163 
(Au) 

Fibroma 

fibrous tumor of breast [Puente] 391 (Se) 

50 YEARS AGO IN THE ARCHIVES OF SUR- 
GERY 

exsanguination-transfusion: new therapeutic 
measure in treatment of severe toxemias, 56 
(Jy) 

shortening and compensatory overgrowth fol- 
lowing fractures of femur in children, 447 
(Se) 

use of free transplants of fascia as living su- 
tures in treatment of hernia, 663 (No) 

Fingers 

invisible glomus tumor [Sibulkin] 111 (Jy) 


Foreign Bodies 

tissue acceptance of materials implanted within 
circulatory system [Brais] 351 (Se) 

Foreign Medical Graduates 

one with US training reimmigrates to US 
[Racy] 365 (Se) 

Fractures 

low-velocity gunshot wounds of hand [Duncan] 
395 (Se) f 

severe pelvic, value of G suit in patients with 


controlling hemorrhagic shock [Batalden 

326 (Au) 
Free Fatty Acids see Fatty Acids, Nonesterifies 
Fundoplication 


transthoracic, for short esophagus in childre 
[Seashore] 374 (Se) 


G 


G Suit see Clothing 

Gallbladder see Cholecystectomy 

Gallstones see Cholelithiasis 

Ganglia, Autonomic 

lumbar sympathetic ganglia in atheroscleros 
patients, diabetic and nondiabetic, compa 

` tive morphological and ultrastructural stv 
[Kott] 787 (De) 

Gangrene 

symmetrical peripheral (letter) [Dardik] 
(Oc) 

Gastric Juice 

basal gastric secretion in man, control su’ 
and patients with myasthenia gravis | 
piro] 400 (Se) 

histamine metabolism after acute pyloric 
tion in Shay rat [McAlpin] 65 (Jy) 

hydrocortisone administration and gastri 
gastrie secretion in dogs [Watson] 547 

Gastric Secretion 

gastric inhibitory polypeptide, response te 
glucose after vagotomy and pyloro 
[Thomford] 177 (Au) 

Gastrin 

hydrocortisone administration and gastr 
gastric secretion in dogs [Watson] 547 

Gastroduodenal Ulcer see Peptic Ulcer 

Genetics, Human 

cancer of thyroid in 3 generations 
[Sinkey] 458 (Se) 

Glomangioma 

invisible glomus tumor [Sibulkin] 111 ( 

Glomus Jugulare Tumor see Paraga 
Nonchromaffin 

Glomus Tumor see Glomangioma 

Glucagon 2 

experimental pancreatitis treated wit’ 
Ringer solution or [Condon] 154 (A 

hormone-substrate interrelationships 
trauma [Meguid] 776 (De) 

Glucose 

gastric inhibitory polypeptide, respc 
glucose after vagotomy and } 
{[Thomford] 177 (Au) 

starvation, stress ulcers and, in tt 
lane] 416 (Se) 


































H 


Hand 

multiple-angled incision on vols 
[Becton] 582 (Oc) l 

Hand Injuries 

low-velocity gunshot wounds 
(Se) 

Health Manpower 

comparison of need for surgeon: 
an provinces [McPhedran] 1€ 

Heart Arrest, Induced 

ischemic arrest vs electrical fibr 
cardial revascularization [P} 

total body washout and ex viv 
in acute hepatic failure [ 


(Jy) 

Heart Catheterization 

correlation of pulmonary w 
pressures in patient rec 
expiratory pressure ve 
270 (Au) 

Heart Disease, Ischemic se 

Heart Failure, Congestive 

acute mechanical complicati 
terial disease, surgical co 
(Au) 
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intermittent Glaudizaton, surgical significance 
[Peabody] €93 (No 

Heart-Lung Bypass sse Extracorporeal Circula- 
tion 

Heart, Mechanica! sæ Extracorporeal Circula- 
tion 

Heart Septal Defects Ventr cular 

acute mechanical «omplications of coronary ar- 
terial disease, surgi=al correction [Webb] 251 
(Au) 

Heart Surgery 

again, via the mediam sternotomy [Oyer] 604 
(No) 

metabolic alteratimns with profound hypother- 
mia [Ellis] 659 (Ne) 

open, in patients with inherited hemoglobinop- 
athies, red cel eyscrasias, and coagulop- 
athies [deLeval 633 (No) 

physician-patient ir recovery and intensive 
care units [Bader] 359 (Se) 

Heart Valve Prosthesis 

dissecting aneurytm after aortic valve replace- 
ment [Derkac] 88E (Se) 

ischemic myocardial injury with aortic valve 
replacement ard soronary bypass [Rossiter] 
652 (No) 

mitral valve replacement, Starr-Edwards cloth- 
eovered campositeseat prosthesis [Allen] 642 
(No) 

Heart Ventricle 

emergency ‘nfarctedtomy and closure of rup- 
sured interventriaular septum [Killen] 623 
(No) 

postoperative left power failure, indieations and 
jong-term resuits +f intra-aortic balloon coun- 
terpulsation in [Lamberti] 766 (De) 

Hemodialysis 

bovine carctid ertey shunts in vascular ac- 
cess surgery, æn licaticns in chronic hemo- 
dialysis patien- [Merickel] 245 (Au) 

Hemodynamics 

of autogenous femcropopliceal bypass [Barner] 
291 (Au) 

Hemoglobinopathics 

inherited, apen neart surgery in patients with 
[deLeval] 618 (Nb) 

Hemophilia 

unsuspected, sumical procedures in [Coy] 835 
(De) 

Hemorrhage 

value of G suit in patiencs with severe pelvic 
fracture, conteolimg shock of [Batalden] 326 
(Au) 

Hemorrhoids 

backsides letter) [Banor] 844 (De) 

principal causes (letter) [Nesselrod] 453 (Se) 

Hemostatics 

microcrystalline collagen used in experimental 
splenic injury, new surface hemostatic agent 
(Morgenstern. 4 (Jy) 

Heparin 

risk of anticoagulation with experimental pul- 
monary contusioa [RatHff] 802 (De) 

silver-allantoin-serarin complex, antibacterial 
vascular grařts with improved thrombore- 
sistance [Clask] 159 (Au) 

Hepatic Cirrhosis see Liver Cirrhosis 

Hepatic Cema 

total body waskou: and ex vivo liver perfusion 
in acute hepatic failure [Wakabayashi] 52 
(Jy) 

Hepatic Veins 

coexistent infexior-vena caval and portal] hyper- 
tension, splemic left hepatic vein anastomo- 
sis in cirrhot= patient [Maillard] 819 (De) 

Hereditary Diseas=s 

epen heart summery in patients with inherited 
hemoglobinopatHies, red cell dyscrasias, and 
coagulopathies [feLeval] 618 (No) 

Heroin see Diecetylmorrhine 

Hexachlorophene 

sudden death aad Culliford] 434 (Se) 

Hiatal Hernia see Diaph-agmatic Hernia 

Histamine 

gastric, metabelism after acute pyloric ligation 
in Shay rat MeAlpin] 65 (Jy) 

History cf Medicine 

anteriography, cornerstone of vascular surgery 
[Foster] 60E (Wo) 
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Hormones 

hormone-substrate interrelationships following 
trauma [Meguid] 776 (De) 

Hospital Infections see Cross Infection 

Hospital Nurseries 

necrotizing enterocolitis, emerging entity in re- 
gional infant intensive care facility [Roback] 
314 (Au) 

Hospital Outpatient Clinics 

ambulatory surgical unit (letter) [Markle] 124 
(Jy) 

outpatient breast biopsy [Saltzstein] 287 (Au) 

Hydrocortisone 

administration and gastrin and gastric secre- 
tion in dogs [Watson] 547 (Oc) 

Hypercalcemia 

extent of operation for primary hyperparathy- 
roidism [Block] 798 (De) 

Hyperglycemia 

hormone-substrate interrelationships following 
trauma [Meguid] 776 (De) 

Hyperparathyroidism 

primary, extent of operation for [Block] 798 
(De) 

Hyperplasia 

diffuse colonic mucosal, morphology and sig- 
nificance [Prior] 575 (Oc) | 

extent of operation for primary hyperparathy- 
roidism [Block] 798 (De) 

Hypertension 

postresuscitation (letter) [Brendenberg] (re- 
ply) [Ledgerwood] 334 (Au) 

Hypertension, Portal 

coexistent inferior vena caval hypertension and, 
splenic to left hepatic vein anastomosis in 
cirrhotic patient [Maillard] 819 (De) 

mesocaval and portacaval shunts using panelled 
bovine arterial H grafts [Rosenberg] 754 
(De) 

Hypotension 

symmetrical peripheral 
[Dardik] 588 (Oc) 

Hypothermia, Induced 

hypothermic pulsatile kidney preservation, com- 
parative analysis of plasma fractions [Tole- 
do-Pereyra] 816 (De) 

oncotic normalization after dilution bypass and 
[Marty] 61 (Jy) 

profound, metabolic alterations with [Ellis] 
659 (No) 

total body washout and ex vivo liver perfusion 
in acute hepatic failure [Wakabayashi] 52 
(Jy) 

Hypoxemia see Anoxemia 


gangrene (letter) 


lleitis, Regional see Enteritis, Regional 

lleitis, Terminal see Enteritis, Regional 

lleocolitis see Enteritis, Regional 

Ileus see Intestinal Obstruction 

immigration see Emigration and Immigration 

immobilization 

immobility, hypoxemia, and pulmonary arterio- 
venous shunting [Ray] 537 (Oc) 

immunity 

evaluation of immune status in tumor patients 
(letter) [Guinan] (reply) [Vetto] 718 (No) 

Immunosuppression 

“spontaneous” blastogenic transformation, 
monitor of [McDonald] 320 (Au) 

immunotherapy 

horizons in tumor immunology, seminar [Wil- 
son] 17 (Jy) 

immune cytolysis of human tumor cells medi- 
ated by xenogeneic “immune” RNA [Pilch] 
30 (Jy) 

implants see Blood Vessel Prosthesis 

indwelling Catheter see Urinary Catheteriza- 
tion 

Infant 

primary liver tumors in infancy and child- 
hood, 41 cases variously treated [Clatworthy] 
148 (Au) 

infarction see Myocardial Infarct 

Infarction, Pulmonary see Pulmonary Embo- 
lism 

infection 

intra-abdominal, 
398 (Se) 


bacteriology of [Swenson] 


oo F 


Inguinal Hernia 

repair of bilateral hernia with Mersilene mesh 
behind rectus abdominis [Calne] 532 (Oc); 
correction, 758 (De) 

study of bladder catheterization with cperations 
for [Haskell] 878 (Se) 

Injections, Sclerosing see Sclerosing Solutions 

Injuries see Wounds and Injuries 

Innominate Vein 

spontaneous rupture of subclavian artery and 
[Dalton] 552 (Oc) 

Insulin 

hormone-substrate interrelationships following 
trauma [Meguid] 776 (De) 

resistance in experimental shock [Cheudry] 412 


(Se) 

Intensive Care Units 

necrotizing enterocolitis, emerging entity in re- 
gional infant intensive care facility [Roback] 
814 (Au) 

physician-patient in recovery unit anc [Badger] 
359 (Se) 

Intermittent Claudication 

surgical significance [Peabody] 693 (No) 

international Cardiovascular Society 

Chicago, June 21-24, 1974, papers, 605-717 (No) 

Intestinal Neoplasms 

intussusception as complication of malignant 
neoplasm [Karakousis] 515 (Oc) 

Intestinal Obstruction 

adynamic ileus of colon, indication for cecosto- 
my [Adams] 503 (Oc) 

paper bezoar causing (letter) [Uretsky] 123 
(Jy) 

Intubation ) 

whatever became of esophageal balloon tube? 
(letter) [Dooling] (reply) [Orloff] 458 (Se) 

intussusception 

as complication of malignant neoplasm [Kara- 
kousis] 515 (Oc) 

pediatric tropical, in Haiti [Minehan] 772 (De) 

lodine Isotopes 

autologous !]-fibrinogen uptake test in detec- 
tion and management of venous thrombosis 
[Pollak] 48 (Jy) 

ischemia 

peripheral, secondary to ergotamine intoxication 
[Ancalmo] 832 (De) 

renal, tolerance to [Hoffmann] 550 (Oc) 

salvage of ischemic lower extremity in patients 
with poor runoff [Purdy] 784 (De) 

Ischemic Heart Disease see Coronary Disease 

Isolation Perfusion 

sarcomas of limbs, results of adjuvant chemo- 
therapy using [McBride] 304 (Au) 


J 


Jaundice, Obstructive 
fibrinogen in [Wardle] 741 (De) 


Kidney see also Nephrectomy 

renal ischemic tolerance [Hoffmann] 550 (Oc) 

Reye syndrome cadaveric, use in human trans- 
plantation [Firlit] 797 (De) 

Kidney Cortex Necrosis 

renin release and renal cortical ischemia fol- 
lowing aortic cross clamping [Berkowitz] 612 
(No) 

Kidney Failure, Acute 

experimental stress ulcers in acidotic and non- 
acidotic renal insufficiency [Fischer] 409 (Se) 

Kidney Transplantation 

hypothermic pulsatile preservation, compara- 
tive analysis of plasma fractions [Toledo- 
Pereyra] 816 (De) 

late spontaneous rupture in homografted kid- 
ney [Haberal] 824 (De) 

peptic ulcer disease in transplant recipient 
[Spanos] 193 (Au) 

Reye syndrome cadaveric kidneys used in [Fir- 
lit] 797 (De) 


“spontaneous” blastogenic transformation, 
monitor of immunosuppression [McDonald] 
320 (Au) 


successful, in hyperoxaluria [Morgan] 430 (Se) 
supracostal approach for live-donor nephrec- 
tomy [Barry] 448 (Se) 
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Lacrimal Apparatus 

adenocarcinoma of, with simultaneous pulmo- 
nary metastases [Faraci] 107 (Jy) 

Leukocytes 

migration, inhibition by human tumors, effect 
on patient survival [Wolberg] 211 (Au) 

Limbs see Extremities 

Liver 

canine intrathoracic hepatic homograft, life- 
supporting procedure [LeCompte] 809 (De) 

ex vivo perfusion and total body washout in 
acute hepatic failure [Wakabayashi] 52 (Jy) 

Liver Cirrhosis 

biliary atresia, new concepts of pathology, di- 
agnosis, and management [Bill] 867 (Se) 

coexistent inferior vena caval and portal hyper- 
tension, splenic to left hepatic vein anastomo- 
sis in patient with [Maillard] 819 (De) 

fibrinogen in [Wardle] 741 (De) 

transthoracoesophageal ligation of bleeding 
esophageal varices, reappraisal [Wirthlin] 
688 (No) 


i A Liver Diseases 


_ constrictive pericarditis in children simulating 
[Idriss] 223 (Au) 
fibrinogen in [Wardle] 741 (De) 
penicillin and épluchage treatment of hepatic 
actinomycosis [Prioleau] 426 (Se) 
Liver Neoplasms 
cystadenoma and cystadenocarcinoma of biliary 
system [Marsh] 41 (Jy) 
primary, in infancy and childhood, 41 cases 
variously treated [Clatworthy] 143 (Au) 
Lung 
immobility, hypoxemia, and pulmonary arterio- 
venous shunting [Ray] 537 (Oc) 
pulmonary contusion, clinical 
[Roscher] 508 (Oc) 
risk of anticoagulation with experimental pul- 
monary contusion [Ratliff] 802 (De) 
transplantation, present status [Veith] 734 
(De) 
Lung Neoplasms 
adenocarcinoma of lacrimal gland with simul- 
taneous pulmonary metastases [Faraci] 107 
(Jy) 
Lye see Caustics 
Lymph Nodes 


experience 


_ carcinomatous, within breast parenchyma [Hy- 


man] 759 (De) 
Lymphocytes 

immune cytolysis of human tumor cells medi- 
ated by xenogeneic “immune” RNA [Pilch] 
30 (Jy) 

Lymphography 

thyroid [Sachdeva] 385 (Se) 


Magnesium 

biliary loss in postoperative patient [Smith] 
77 (Jy) 

Mammary Arteries see Thoracic Arteries 

Mastectomy 

extended surgical adjuvant thiotepa for mam- 
mary carcinoma [Donegan] 187 (Au) 

Mechlorethamine 

bronchial carcinoma treated by adjuvant can- 
cer chemotherapy [Shields] 329 (Au): cor- 
rection, 758 (De) 

Meckel Diverticulum 

barium studies in (letters) [Kunin, Giustra] 
(reply) [Meguid] 123 (Jy) 

Mediastinoscopy 

technique of [Hagopian] 116 (Jy) 

Melanoma 

carcinomatous lymph nodes within breast par- 
enchyma [Hyman] 759 (De) 

Melphalan 

sarcomas of limbs, results of adjuvant chemo- 
therapy using isolation perfusion [McBride] 
804 (Au) 

Membranes 

human amniotic, as physiologic wound dressing 
[Colocho] 370 (Se) 

Menstruation Disorders 

recurrent catamenial 
173 (Au) 


pneumothorax [Rossi] 
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Mersilene Mesh 

repair of bilateral hernia with use behind rectus 
abdominis [Calne] 532 (Oc); correction, 758 
(De) 

Mesenteric Veins 

mesocaval and portacaval shunts using pan- 
elled bovine arterial H grafts [Rosenberg] 
754 (De) 

Mesentery 

antimesenteric slit, aid in primary maturation 
of end colostomy [Fischer] 580 (Oc) 

Metabolism 

alterations with profound hypothermia [Ellis] 
659 (No) 

Metastasis see Neoplasm Metastasis 

Methotrexate 

bronchial carcinoma treated by adjuvant cancer 
chemotherapy [Shields] 329 (Au); correc- 
tion, 758 (De) 

Methylene Blue 

successful renal transplantation in hyperoxal- 
uria [Morgan] 430 (Se) 

Microscopy 

lumbar sympathetic ganglia in atherosclerotic 
patients, diabetic and nondiabetic, compara- 
tive morphological and ultrastructural study 
[Kott] 787 (De) 

Mitral Valve 

regurgitation, acute mechanical complications 
of coronary arterial disease, surgical correc- 
tion [Webb] 251 (Au) 

replacement, Starr-Edwards cloth-covered com- 
posite-seat prosthesis [Allen] 642 (No) 

Moniz, Egaz (1874-1955) 

arteriography, cornerstone of vascular surgery 
[Foster] 605 (No) 

Movement see Immobilization 

Mucous Membrane 

diffuse colonic mucosal hyperplasia, morphology 
and significance [Prior] 575 (Oc) 

Muscles 

repair of bilateral hernia with Mersilene mesh 
behind rectus abdominis [Calne] 532 (Oc); 
correction, 758 (De) 

Myasthenia Gravis 

basal gastric secretion in man, control subjects 
and patients with [Schapiro] 400 (Se) 

Mycotic Aneurysm see Aneurysm, Mycotic 

Myocardial Infarct 

emergency infarctectomy and closure of rup- 
tured interventricular septum [Killen] 623 
(No) 

Myocardial Revascularization 

ischemic arrest vs electrica] fibrillation for 
[Plested] 750 (De) 

Myocardium 

ischemic injury with aortic valve replacement 
and coronary bypass [Rossiter] 652 (No) 

oxygen utilization during left heart bypass, 
effect of varying percentage of bypass flow 
rate [Pennock] 635 (No) 

scanning in patients undergoing coronary by- 
pass surgery [Termini] 648 (No) 


Neck 

acute penetrating arterial injuries of limbs and 
[Smith] 198 (Au) 

cervical thymic cyst, case report and review of 
literature [Mikal] 558 (Oc) 

Neck Neoplasms 

midline dermoid tumors [Katz] 822 (De) 

Necrosis 

cystic medial, correctable cause of superior vena 
cava syndrome [Roberts] 84 (Jy) 

natural history of liquid lye ingestion, rationale 
for aggressive surgical approach [Ray] 436 
(Se) 

necrotizing enterocolitis, emerging entity in re- 
gional infant intensive care facility [Roback] 
314 (Au) 

value of silver nitrate in controlling necrotizing 
fasciitis (letter) [Hirsch] 718 (No) 

NEFA see Fatty Acids, Nonesterified 

Neoplasm Antibodies see Antibodies, Neo- 
plasm 

Neoplasm Metastasis 

adenocarcinoma of lacrimal gland with simul- 
taneous pulmonary metastases [Faraci] 107 
(Jy) 


Neoplasm Metastasis—Continued 

carcinomatous lymph nodes within breast par- 
enchyma [Hyman] 759 (De) 

Neoplasms 

evaluation of immune status in tumor patients 
(letter) [Guinan] (reply) [Vetto] 718 (No) 

horizons in tumor immunology, seminar [Wil- 
son] 17 (Jy) 

immune cytolysis of human tumor cells medi- 
ated by xenogeneic “immune” RNA [Pilth] 
30 (Jy) 

inhibition of leukocyte migration by human tu- 
mors, effect on patient survival [Wolberg] 
211 (Au) 

vascular problems in upper abdominal cancer 
surgery [Fortner] 148 (Au) 

Nephrectomy 

live-donor, supracostal approach to [Barry] 
448 (Se) 

NEWS 

463 (Se) 

Nitrogen Mustard see Mechlorethamine 

Nuclear Medicine see Radioisotopes 

Nurseries, Hospital see Hospital Nurseries 

Nutrition 

hormone-substrate interrelationships following 
trauma [Meguid] 776 (De) 


o 


Operating Rooms 

ambulatory surgical unit (letter) [Markle] 124 
(Jy) 

Organ Preservation see Tissue Preservation 

Osteogenesis 

ankylosing vertebral hyperostosis causing dys- 
phagia [Carlson] 567 (Oc) 

Osteomyelitis 

appearing as neoplasms, 
[Cabanela] 68 (Jy) 

Osteophytosis, Spinal see Spinal Osteophy- 
tosis 

Ovary 

ovariectomy in rats with portacaval shunts, re- 
duction of mammary carcinoma [O'Grady] 
87 (Jy) 

Oxalates 

successful renal transplantation in hyperoxal- 
uria [Morgan] 430 (Se) 


diagnostic problem 


P 


Pacemaker, Artificial 

isotopic, clinical use [Gage] 671 (No) 

Pancreas 

biopsy of [Isaacson] 227 (Au) 

fate of heterotopic tissue, study of 212 cases 
[Dolan] 762 (De) 

peroral endoscopic cholangiography and pan- 
creatography, surgeon’s helper [Sugawa] 231 
(Au) 

Pancreatic Neoplasms 

carcinoma, pancreatitis, and needle aspiration 
biopsy [Kline] 578 (Oc) 

nonfunctioning nonchromaffin paraganglioma 
[Cope] 440 (Se) 

Pancreatitis 

experimental, treated with glucagon or lactated 
Ringer solution [Condon] 154 (Au) 

gallstone [Kelly] 294 (Au) 

pancreatic carcinoma, needle aspiration biopsy 
and [Kline] 578 (Oc) 

surgical management [Hermann] 298 (Au) 

Paper 

bezoar causing intestinal obstruction (letter) 
[Uretsky] 123 (Jy) 

Paraganglioma, Nonchromaffin 

nonfunctioning, of pancreas [Cope] 440 (Se) 

Paraplegia 

experimental unassisted right brachial-to-fem- 
oral bypass, adjuvant during aortic cross- 
clamping [Leshnower] 542 (Oc) 

Parathyroid Glands 

extent of operation for primary hyperparathy- 
roidism [Block] 798 (De) 

Pelvic Bones 

severe fracture, value of G suit in patients with, 
controlling hemorrhagic shock [Batalden] 
326 (Au) 

Penicillin 

and épluchage treatment of hepatic actinomy- 
cosis [Prioleau] 426 (Se) 
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Peptic Ulcer 

disease in transplan: recipient [Spanos] 193 
(Au) 

experimental stress ulcers in acidotic and non- 
aeidotic renal insufficiency [Fischer] 409 (Se) 

starvation, glucose, and stress ulcers in the rat 
[Mullane] +16 (5e» 

vaseular compression of duodenum 
[Cimmino] 844 (De) 

Peptic Ulcer Perfcration 

duodenal, with existent gastric carcinoma 
[Brodman] 524 °O«) 

Pentides 

gastric inlibitory powpeptide, response to oral 
gwucose after vagotomy and pyloroplasty 
[Thomferd§ 177 (fu) 

Per-usion 

ex vivo liver and to:al body washout in acute 
hepatic faifure [W=kabayashi] 52 (Jy) 

Per‘usion, Regional .ee Isolation Perfusion 

Per carditis, Constrietive 

simulating liver disease in children [Idriss] 223 
(Au) 

Peripheral Nerves 

regeneration of vascular system in experimen- 
tal peripheral merve grafting [Hirasawa] 420 
Ge) 

Phiebography 

radionuclide, verous thromboembolic disease, 
evaluation of mew methodology in treatment 
[¥ao] 664 (No) 

Phetography 

phetoscanning, aid te early diagnosis of rupture 
of spleen [Walesa] 312 (De) 

Phrsicians 

phrsician-patient in ~ecovery and intensive care 
units [Badger] 35E (Se) 

Pick Disease of Heart see Pericarditis, Con- 
strictive 

Plasma 

fractions, hypothermic pulsatile kidney preser- 
wation, comparative analysis of [Toledo- 
Pereyra] “16 (De 

Plasma Proteins see Blood Proteins 

Pneumatasis Cystoiees Intestinalis 

bacterial etidogy of Yale] 89 (Jy) 

Pneumothorax 

recurrent caiamenia! [Rossi] 173 (Au) 

Polypeptides see Peotides 

Portacaval Anastomosis 

mesocaval and, wing panelled bovine arterial 
H grafts Rosenberg] 754 (De) 

ovariectomy in mts with, reduction of mam- 
mary carcinoma [®’Grady] 87 (Jy) 

Positive-Pressure Respiration 

= ef pumanary wedge and left atrial 


(letter) 


pressures in patient receiving positive end 
expiratory pressure ventilation [Lozman] 270 

| tu) 

| pulmonary contusion, clinical experience [Ro- 

| œher] 508 (Oc) 

' Postoperative Care 

energy crisis in sumical patients [Baue] 349 
Se) 

phrsician-patient in recovery and intensive care 
units [Baeger] 35% (Se) 

wound dressing cr window dressing? [Laforet] 

i aT (Se) 

Pastoperative Campiications 

bilary magnesium less in postoperative patient 
Smithi T (Jy) 

central veneus pressure and pulmonary wedge 
pressure in critical surgical illness, compari- 
son [Toussaint 26 (Au) 

dissecting aneurysm after aortic valve replace- 
ment [Derkac] 385 (Se) 

immobility, sypozenia, and pulmonary arterio- 
venous shunting [Ray] 537 (Oc) 

lef ventricvlar pover failure, indications and 

long-term results of intra-acrtic balloon 

eounterpuisation in [Lamberti] 766 (De) 

ews on thrombcemeolism from London [War- 

ren] 477 Oc) 

ssium 

ide K45, myocerdial scanning in patients 

ndergeinmg coronary bypass surgery [Ter- 

ni] 648 (No) 

ancerous Conditions 

elopment of carcnoma in regional enteritis 

letter) [Crystal] 124 (Jy) 
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Preoperative Care 

surgery of colon, panel by correspondence 
[Hoerr] 478 (Oc) 

Pressure 

internal carotid artery, guide for use of shunt 
during carotid repair [Hughes] 494 (Oc) 

pulmonary wedge, and central venous pressure, 
in critical surgical illness, comparison [Tous- 
saint] 265 (Au) 

pulmonary wedge and left atrial, correlation in 
patient receiving positive end expiratory 
pressure ventilation [Lozman] 270 (Au) 

value of G suit in patients with severe pelvic 
fracture, controlling hemorrhagic shock [Ba- 
talden] 326 (Au) 

Pulmonary Artery 

bedside catheterization, simplification of tech- 
nique [Rodman] 840 (De) 

central venous pressure and pulmonary wedge 
pressure in critica] surgical illness, compari- 
son [Toussaint] 265 (Au) 

correlation of pulmonary wedge and left atria] 
pressures in patient receiving positive end 
expiratory pressure ventilation [Lozman] 
270 (Au) 

immobility, hypoxemia, and pulmonary arterio- 
venous shunting [Ray] 537 (Oc) 

Pulmonary Edema 

oncotic normalization after dilutional bypass 
and hypothermia [Marty] 61 (Jy) 

Pulmonary Embolism 

Eichelter catheter, further experience [Major] 
278 (Au) 

Pulmonary Insufficiency see Respiratory In- 
sufficiency 

Pulmonary Neoplasms see Lung Neoplasms 

Pulmonary Veins 

immobility, hypoxemia, and pulmonary arterio- 
venous shunting [Ray] 537 (Oc) 

Pulse 

intra-aortic balloon counterpulsation, indica- 
tions and long-term results in postoperative 
left ventricular power failure [Lamberti] 
766 (De) 

Pylorus 

gastric histamine metabolism after acute py- 
loric ligation in Shay rat [McAlpin] 65 (Jy) 

gastric inhibitory polypeptide, response to oral 
glucose after vagotomy and pyloroplasty 
{[Thomford] 177 (Au) 

Pyridoxine 

successful renal transplantation in hyperoxal- 
uria [Morgan] 430 (Se) 


Radioactive Tracers see Radioisotopes 

Radioisotope Scanning 

myocardial scanning in patients undergoing 
coronary bypass surgery [Termini] 684 (No) 

photoscanning, aid to early diagnosis of rup- 
ture of spleen [Walsh] 812 (De) 

Radioisotopes 

isotopic cardiac pacemaker, clinical use [Gage] 
671 (No) 

radionuclide aortography in detection of ar- 
terial aneurysms [Bergan] 80 (Jy) 

Recovery Room see Intensive Care Units 

Rectal Neoplasms 

carcinoembryonic antigen in diagnosis and man- 
agement of colorectal carcinoma, current 
status [Livingstone] 259 (Au) 

diffuse colonic mucosal hyperplasia, morphology 
and significance [Prior] 575 (Oc) 

Red Blood Cells see Erythrocytes 

Regeneration 

of vascular system in experimental peripheral 
nerve grafting [Hirasawa] 420 (Se) 

Renal Cortical Necrosis see Kidney Cortex 
Necrosis 

Renal Failure, Acute see Kidney Failure, Acute 

Renin 

release and renal cortical ischemia following 
aortic cross clamping [Berkowitz] 612 (No) 

Respiration Artificial 

intermittent mandatory ventilation, evaluation 
[Downs] 519 (Qc) 

Respiratory Insufficiency 

in fat embolism, panel by correspondence [Pel- 
tier] 12 (Jy) 

intermittent mandatory ventilation, evaluation 
[Downs] 519 (Oc) 


Resuscitation x 
postresuscitation hypertension (letter) [Bre- 
denberg] (reply) [Ledgerwood] 334 (Au) 

Reye Syndrome 

cadaveric kidneys, use in human transplantation 
[Firlit] 797 (De) 

Ribs 

supracostal approach for live-donor nephrec- 
tomy [Barry] 448 (Se) 

Ringer Solution see Solutions 

RNA 

immune cytolysis of human tumor cells medi- 
ated by xenogeneic “immune” RNA [Pilch] 
30 (Jy) 

Rupture 

emergency infarctectomy and closure of rup- 
tured interventricular septum [Killen] 623 
(No) 

late spontaneous, in 
[Haberal] 824 (De) 

spontaneous, of subclavian artery and innomi- 
nate vein [Dalton] 552 (Oc) 

Rural Population 

operative cholangiography in rural surgical 
practice [Wiethoff] 254 (Au) 


homografted kidney 


Sarcoma 

of limbs, results of adjuvant chemotherapy 
using isolation perfusion [McBride] 304 (Au) 

Sclerosing Solutions 

surgery and sclerotherapy in treatment of vari- 
cose veins, random trial [Hobbs] 793 (De) 

Sclerosis 

primary sclerosing cholangitis [Oviedo] 747 
(De) 

Serum Proteins see Blood Proteins 

Shock, Hemorrhagic 

experimental, insulin resistance in [Chaudry] 
412 (Se) 

value of G suit in patients with severe pelvic 
fracture, controlling [Batalden] 326 (Au) 

Silver 

silver-allantoin-heparin complex, antibacterial 
vascular grafts with improved thrombore- 
sistance [Clark] 159 (Au) 

Silver Nitrate 

value in controlling necrotizing fasciitis (letter) 
[Hirsch] 718 (No) 

Skin 

determination of amputation level by measure- 
ment of blood flow in (letter) [Moore] 124 
(Jy) > 

mechanized suturing [Samuels] 838 (De) 

Skin Neoplasms 

invisible glomus tumor [Sibulkin] 111 (Jy) 

Skin Transplantation 

human amniotic membrane as physiologic 
wound dressing [Colocho] 370 (Se) 

technique for obtaining uniform split-thickness 
grafts [Vecchione] 837 (De) 

Smoking 

intermittent claudication, surgical significance 
[Peabody] 693 (No) 

Solutions 

lactated Ringer, experimental pancreatitis 
treated with glucagon or [Condon] 154 (Au) 

Southern California Chapter of the American 
College of Surgeons 

meeting, Jan 18-20, 1974, papers, 30-67 (Jy) 

Specialism 

specialization and superspecialization in sur- 
gery [Eckert] 139 (Au) 

Spinal Osteophytosis 

ankylosing vertebral hyperostosis causing dys- 
phagia [Carlson] 567 (Oc) 

Spleen 

microcrystalline collagen used in experimental 
splenic injury, new surface hemostatic agent 
[Morgenstern] 44 (Jy) 

Splenic Rupture 

photoseanning, aid 
[Walsh] 812 (De) 

Splenic Vein 

coexistent inferior vena caval and portal hyper- 
tension, splenic to left hepatic vein anastomo- 
sis in cirrhotic patient [Maillard] 819 (De) 

Splints 

air splint (letter) [Lehmann] 334 (Au) 

Spondylosis Deformans see Spinal Osteophy- 
tosis 


to early diagnosis of 


Subject Index to Volume 109 863 








Starvation 

glucose, stress ulcers and, in the rat [Mullane] 
416 (Se) 

Sterilization 

excitation transfer in bone, deleterious effects 
of cobalt 60 radiation-sterilization of bank 
bone [Urist] 486 (Oc) 

Sternocostal Joints see Ribs 

Sternum 

again, via the median sternotomy [Oyer] 604 
(No) 

Stomach 

double, resection of [Torma] 555 ( Oc) 

gastric histamine metabolism after acute pyloric 
ligation in Shay rat [McAlpin] 65 (Jy) 

natural history of liquid lye ingestion, rationale 
for aggressive surgical approach [Ray] 436 
(Se) 

transthoracic fundoplication for short esopha- 
gus in children [Seashore] 374 (Se) 

Stomach Neoplasms 

perforated duodenal ulcer with coexistent gas- 
tric carcinoma [Brodman] 524 (Oc) 

Stress 

experimental stress ulcers in acidotic and non- 
acidotic renal insufficiency [Fischer] 409 ( Se) 

starvation, glucose, and stress ulcers in the 
rat [Mullane] 416 (Se) 

Stroke see Cerebrovascular Disorders 

Subclavian Artery 

false aneurysm, late development of (letter) 
[Aseem] 844 (De) 

spontaneous rupture of innominate vein and 
[Dalton] 552 (Oc) 

Surgery see also Operating Rooms; Postopera- 
tive Complications 

comparison of need for surgeons in five Cana- 
dian provinces [McPhedran] 168 ( Au) 

energy crisis in surgical patients [Baue] 349 
(Se) 

in unsuspected hemophilia [Coy] 835 (De) 

of colon, panel by correspondence [Hoerr] 478 
(Oc) 

specialization and superspecialization in [Eck- 
ert] 189 (Au) 

Sutures 

mechanized skin suturing [Samuels] 838 ( De) 

Sympathetic Ganglia see Ganglia, Autonomic 


T 


Technetium 

photoscanning, aid to early diagnosis of rup- 
ture of spleen [Walsh] 812 (De) 

Tendons 

flexor, multiple-angled incision on volar sur- 
face of hand [Becton] 582 (Oc) 

Thiotepa 

extended surgical adjuvant, for mammary car- 
cinoma [Donegan] 187 (Au) 

Thoracic Arteries 

double internal mammary-coronary artery by- 
pass [Barner] 627 (No) 

Thoracic Injuries 

pulmonary contusion, clinical experience [Ro- 
scher] 508 (Oc) 

risk of anticoagulation with experimental pul- 
monary contusion [Ratliff] 802 (De) 

Thorax 

canine intrathoracic hepatic homograft, life- 
supporting procedure [LeCompte] 809 (De) 


- intrathoracic intra-aortic balloon insertion for 


pulsatile cardiopulmonary bypass [Pappas] 
842 (De) 

Thromboembolism 

news from London on [Warren] 477 (Oc) 

venous, evaluation of new methodology in 
treatment [Yao] 664 (No) 
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Thrombophlebitis 

autologous ™]-fibrinogen uptake test in detec- 
tion and management of venous thrombosis 
[Pollak] 48 (Jy) 

vascular surgery, maturity or fragmentation? 
[Warren] 603 (No) 

Thrombosis 

antibacterial vascular grafts with improved 
thromboresistance [Clark] 159 (Au) 

Thrombosis, Coronary see Coronary Disease 

Thrombosis, Venous see Thrombophlebitis 

Thymus Gland 

cervical thymic cyst, case report and review of 
literature [Mikal] 558 (Oc) 

Thyroglossal Cyst 

midline dermoid tumors of neck [Katz] 822 
(De) 

Thyroid Gland 

lymphography [Sachdeva] 385 (Se) 

Thyroid Neoplasms 


cancer in 3 generations ( letter) [Sinkey] 458 


(Se) 

Tissue Banks 

excitation transfer in bone, deleterious effects 
of cobalt 60 radiation-sterilization of bank 
bone [Urist] 486 (Oc) 

Tissue Preservation 

hypothermic pulsatile kidney preservation, com- 
parative analysis of plasma fractions [Tole- 
do-Pereyra] 816 (De) 

Total Body Washout 

and ex vivo liver perfusion in acute hepatic 
failure [Wakabayashi] 52 (Jy) 

Tracheoesophageal Fistula 

following blunt trauma [Antkowiak] 529 ( Oc) 

Transplantation see also Kidney Transplanta- 
tion; Skin Transplantation; Tissue Preserva- 
tion 

autogenous vein grafts in experimental canine 
atherosclerosis, their fate in abdominal aorta 
and peripheral arteries [Haimovici] 95 (Jy) 

canine intrathoracic hepatic homograft, life- 
supporting procedure [LeCompte] 809 (De) 

lung, present status [Veith] 734 (De) 

regeneration of vascular system in experimen- 
tal peripheral nerve grafting [Hirasawa] 420 
(Se) 

Transplantation, Heterologous 

interspecies healing of porous arterial pros- 
theses, observations, 1960-1974 [Sauvage] 698 
(No) 

Transplantation Immunology see Immunosup- 
pression 

Trauma see Wounds and Injuries 

Tropical Climate 

pediatric intussusception in Haiti [Minehan] 
772 (De) 

Tumor Antibodies see Antibodies, Neoplasm 


U 


Ulcer see Peptic Ulcer 

Ultrasonics 

venous thromboembolic disease, evaluation of 
new methodology in treatment [Yao] 664 
(No) 

Urinary Catheterization 

bladder, study with inguinal hernia operations 
[Haskell] 378 (Se) 


v 


Vagotomy 

gastric inhibitory polypeptide, response to oral 
glucose after pyloroplasty and [Thomford] 
177 (Au) 

Varicose Veins 

surgery and sclerotherapy in treatment of, 
random trial [Hobbs] 793 (De) 


Vascular Diseases 

extracranial internal carotid and vertebri 
tery fibrodysplasia [Stanley] 215 (Au) 

peripheral ischemia secondary to ergots 
intoxication [Ancalmo] 832 (De) 

Vascular Surgery see also Blood Vessel 
thesis 

and sclerotherapy in treatment of var 
veins, random trial [Hobbs] 793 (De) 

aortofemoral bifurcation graft, useful e 
sion [Graziano] 452 (Se) 

arteriography, cornerstone of [Foster] 
(No) 

dilating cannula for arterial surgery [F 
584 (Oc) 

hemodynamics of autogenous femoropop 
bypass [Barner] 291 (Au) 

maturity or fragmentation? [Warren] 603 | 

salvage of ischemic lower extremity in pat 
with poor runoff [Purdy] 784 (De) 

tissue acceptance of materials implanted 1 
in circulatory system [Brais] 351 ( Se) 

Veins 

autogenous grafts in experimental] canine 
erosclerosis, their fate in abdominal =: 
and peripheral arteries [Haimovici] 95 (, 

quantitation of fibrinolytic activity in ve 
and prosthetic arterial grafts [Yao] 163 ( 

thromboembolic disease, evaluation of 
methodology in treatment [Yao] 664 (No 

Vena Cava, Inferior 

hypertension, coexistent portal hyperter 
and, splenic to left hepatic vein anaston 
in cirrhotic patient [Maillard] 819 (De) 

Vena Cava, Superior 

syndrome, cystic medial necrosis, correc: 
cause of [Roberts] 84 (Jy) 

Venae Cavae see Portacaval Anastomosi: 

Venous Thrombosis see Thrombophlebitis 

Ventricular Fibrillation 

electrical, vs ischemic arrest for myocardia 
vascularization [Plested] 750 (De) 

Vertebral Artery 

extracranial internal carotid and vertebral 
tery fibrodysplasia [Stanley] 215 (Au) 

Vitamin B6 see Pyridoxine 


Water-Electrolyte Balance 

postresuscitation hypertension (letter) [ 
denberg] (reply) [Ledgerwood] 334 (Au) 

Wound Healing 

human amniotic membrane as physio] 
wound dressing [Colocho] 370 (Se) 

wound dressing or window dressing? [Lafo 
457 (Se) 

Wounds and Injuries 

acute abdominal aortic injury, analysis of 
erative and postoperative management [L 
706 (No) 

acute penetrating arterial injuries of neck 
limbs [Smith] 198 (Au) 

are consumer products dangerous? [Willia 
238 (Au) 

civilian colonic injuries, changing concepts 
management [Garfinkle] 402 (Se) 

hormone-substrate interrelationships follow 
trauma [Meguid] 776 (De) 

late development of subclavian artery f 
aneurysm (letter) [Aseem] 844 (De) 

tracheoesophageal fistula following blunt tı 
ma [Antkowiak] 529 (Oc) 

Wounds, Gunshot 

acute abdominal aortic injury, analysis of 
perative and postoperative managem 
[Lim] 706 (No) 

low-velocity, of hand [Duncan] 395 (Se) 

mycotic aneurysm of carotid artery [Ledg 
wood] 496 (Oc) 
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ewhen restful sleep 

“s indicated 
Dalmane 

® § (flurazecam HCI) 











uces sleed within 
minutes, or average 


vides 7 tc 8 hours 
, ON. averege, 
out repeating dosage 





uces nighttime awakenings 


Before prescribing Dalmane (flurazepam 
HCI), please consult Complete Product 
Information, a summary of which follows: 


Indications: Effective in all types of insomnia 
characterized by difficulty in falling asleep, 
frequent nocturnal awakenings and/or early 
morning awakening; in patients with recurring 
insomnia or poor sleeping habits; and in 

acute or chronic medical situations requiring 
restful sleep. Since insomnia is often transient 
and intermittent, prolonged administration is 
generally not necessary or recommended. 


Contraindications: Known hypersensitivity 
to flurazepam HCl. 


Warnings: Caution patients about possible 
combined effects with alcohol and other 
CNS depressants. Caution against hazardous 
occupations requiring complete mental alert- 
ness (e.g., operating machinery, driving). 
Use in women who are or may become preg- 
nant only when potential benefits have been 
weighed against possible hazards. Not 
recommended for use in persons under 15 
years of age. Though physical and psycho- 
logical dependence have not been reported 
on recommended doses, use caution in 
administering to addiction-prone individuals 
or those who might increase dosage. 


Precautions: In elderly and debilitated, initial 
dosage should be limited to 15 mg to preclude 
oversedation, dizziness and/or ataxia. If 
combined with other drugs having hypnotic 
or CNS-depressant effects, consider potential 
additive effects. Employ usual precautions 

in patients who are severely depressed, or 
with latent depression or suicidal tendencies. 
Periodic blood counts and liver and kidney 
function tests are advised during repeated 
therapy. Observe usual precautions in 
presence of impaired renal or hepatic function. 


Adverse Reactions: Dizziness, drowsiness, 
lightheadedness, staggering, ataxia and 
falling have occurred, particularly in elderly 
or debilitated patients. Severe sedation, 
lethargy, disorientation and coma, probably 
indicative of drug intolerance or overdosage, 
have been reported. Also reported were 
headache, heartburn, upset stomach, nausea, 
vomiting, diarrhea, constipation, GI pain, 





nervousness, talkativeness, apprehension, 
irritability, weakness, palpitations, chest 
pains, body and joint pains and GU com- 
plaints. There have also been rare occurrences 
of sweating, flushes, difficulty in focusing, 
blurred vision, burning eyes, faintness, 
hypotension, shortness of breath, pruritus, 
skin rash, dry mouth, bitter taste, excessive 
salivation, anorexia, euphoria, depression, 
slurred speech, confusion, restlessness, 
hallucinations, and elevated SGOT, SGPT, 
total and direct bilirubins and alkaline 
phosphatase. Paradoxical reactions, e.g., 
excitement, stimulation and hyperactivity, 
have also been reported in rare instances. 


Dosage: Individualize for maximum beneficial 
effect. Adults: 30 mg usual dosage: 15 mg 
may suffice in some patients. Elderly or 
debilitated patients: 15 mg initially until 
response is determined. 

Supplied: Capsules containing 15 mg or 

30 mg flurazepam HCl. 
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If “trouble sleeping” 
means trouble staying 


aslee ... The patient describing this complaint is probably over 
fifty years old! And a sleep research laboratory “profile” 


based on physiologic tracings taken during the middle third 

of her night would look much like the one shown on this page. 

Dalmane (flurazepam HCl) has been proven to effectively reduce awaken- 
ings in patients with insomnia,;~ a . 
as demonstrated by clinical @ 
studies conducted in the 
sleep research labora- . 
tory. In elderly or - 
debilitated patients, 
initial dosage should 
be limited to 15 mg 
to preclude over- 
sedation, dizziness 
and/or ataxia. 
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consider the benefits of 


Dalmane eaea 
(15 mg may suffice in some patients). 
(flurazepam HC) einan taeste 
e reduces both number and length of nighttime awakenings 


e induces sleep within 17 minutes, on average 


e provides 7 to 8 hours sleep, on average, 
without repeating dosage 





Please turn the page for a summary of Complete Product Information. 
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